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From the Editor

Dear readers,

As the new editor, in the beginning I would like to thank former editor dr. Dijana Oreški for her efforts to 
improve the Journal in the quality of the papers, visibility and recognition in the scientific society. 

This Journal has been continuously published for 43 years, and yet, improvements are possible. Such a 
tradition demands severity in work and devotion in efforts. And I hope that I will be, as a new editor, on 
the level for these tasks. 

The Journal could not exist without the thoughtful leading, for which I thank all previous editors, without 
hard work in selecting papers, for which I am thankful to all members, current and previous, of the 
editorial board, keeping the quality of the papers on the high level, which is the merit of our reviewers, 
the work on the design and layout of the Journal, which is in the continuous process of improvement, 
thanks to publishing board. The Journal could not exist without the content, the papers. Therefore, I 
want to thank all authors that, in 43 years, recognized our Journal as an adequate place to publish their 
scientific results.

All this work must go on. Therefore, I am proud to present the new issue of the Journal containing 10 high 
quality papers from the authors from Europe, Asia and Africa. Three continents authors come from justify 
the status of internationality of the Journal and assure us that we are still on the right track. Among the 
papers we have seven original scientific papers, two survey papers and one preliminary communication. 

I hope that readers will enjoy reading this issue and that they will find papers presented in it inspiring 
for their future research.

Alen Lovrenčić

Editor
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Relating Smart Governance as a University Feature to 
Students’ University Perceptions 

Mario Jadrić mario.jadric@efst.hr 
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Maja Ćukušić  maja.cukusic@efst.hr 
Faculty of Economics, Business and Tourism  
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Abstract 
Following the results of recent studies on the creative use of smart technologies in urban 
and university settings, there is a growing number of promising research areas under 
smart university as an umbrella term. Starting from the differentiation between six 
standard “smart” dimensions in the university, the paper focuses on one smart 
university feature in particular – it explores the level and the relation of smart 
governance to the attitudes towards university management, fellow students, and 
Perceived External Prestige (PEP) as antecedents of university affective commitment. 
The paper presents multivariate analysis results based on the feedback from over 400 
students. Participants were first-year students from the second biggest university in 
Croatia. While the effect of smart governance on the positive attitude towards 
university management is found to be positive and significant, the effect of the 
perception of university management on students' university commitment is low and 
not significant in the given context. 
Keywords: Smart University, Smart Governance, University Commitment 

1. Introduction  
The level of technological provision in everyday activities continually evolves with 
the emergence of new concepts and tools that impact all aspects of our lives. In Higher 
Education (HE) settings, the change in the way the individuals interact in the 
university environment is well-acknowledged according to Smyrnova-Trybulska [1], 
understanding that to stay competitive on a global level, the changes must be reflected 
in the university organization [2]. In particular, the availability of certain technologies 
should reflect on how the relevant processes should be performed and what high-

UDC 004:005:378
Survey paper     Open Access
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quality services should be offered [3]. The imperative for change did not bypass the 
HE institutions in Croatia either. In particular, two goals from the currently valid 
national strategy for education and technology, which are aligned within these given 
settings, could be highlighted [4]: (1) Increasing the quality of student life and 
internationalization of HE and (2) Improving the information and communication 
infrastructure. Identified challenges have been addressed at the university level, 
prompting, for example, the University of Split to set its aim to become the leading 
regional university in this part of Europe while pointing out that the key tasks are to 
conduct teaching, scientific research, artistic creation and professional activity, based 
upon principles of quality control and assurance and the EU standards [5].  

To help cope with related challenges, the area of research, design, and 
development of smart universities has become central to various pioneering 
(inter)national studies, events and projects, governmental and corporate initiatives, 
institutional agendas, and strategic plans [2]. Specifically, in November 2019, over 
6.800 papers (excluding citations and patents) were available after performing a 
search via Google Scholar, a bibliographic search engine on topics “smart university” 
or “smart campus” [6], while in March 2021, the number of papers is almost 8.600. 
Even though smart universities' primary focus is in the area of education, other 
aspects, for instance, management, require radical change [7]. Education is just the 
upper layer, and other aspects must be considered, such as [2]: (1) communication; 
(2) social interaction; (3) transport; (4) management; (5) wellness (safety and health); 
(6) governance; (7) energy management; (8) data storage and delivery; (9) knowledge 
sharing; (10) IT infrastructure, and (11) environment. 

The rationale behind universities' tendencies to become smart is convincing – the 
aspiration is not only to increase efficiency but also to improve the experience for 
students and staff [8]. Providing a better experience for students could become the 
main element that helps them distinguish their offerings from the competition to 
attract and retain the best students and staff internationally. It could become a 
challenge since the goal is to satisfy new generations of students who are very 
connected, informed and stay in touch with the outside world [7]. 

The study presented in the paper builds on the two presented aspects – increasing 
the number and organization of smart university features with the purpose to increase 
the quality and personal experiences on the one hand, and the students’ opinions about 
the university resulting in varying levels of commitment and affection on the other 
hand. More specifically, the aim was to explore how smart governance, perception of 
fellow students, attitude towards university management and perceived external 
prestige affect students’ university commitment. The study's theoretical background 
is presented in Section 2, followed by the methodological considerations that were 
taken into account for results analysis in Section 3. The results are presented in Section 
4, and the discussion and conclusion in Sections 5 and 6, respectively. 

2. Research Model and Hypotheses Development   
The research model is based on the one introduced by Udir Mišič and Podnar [9]. 
Their model was tested with citizens from two cities when the results showed that 
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Perceived External Prestige (PEP) and the Perception of fellow residents of the city 
were significant drivers of City commitment. Also, Perception of city management 
has a significant impact both on Perceived External Prestige and on the Perception of 
fellow residents, without a significant direct effect on City commitment. The reasons 
for testing the variables of the model that was tailored to a city context in the HE 
context has been elaborated in another paper [6]) already. In general terms, the 
potential of campuses to serve as valuable (smart) city prototypes is widely 
recognized, mostly due to a growing need for conducting more focused research in 
the smart city domain as it grows more mature. Also, in the introductory part of this 
paper, the key reasons for assessing the technological advances in relation to 
improving student experiences and university commitment are given. That is why the 
original model of city commitment was contextualized and extended to include the 
technological aspect. Out of the six well-known smart city characteristics introduced 
by Giffinger et al.[10], presumably, smart governance could significantly impact the 
attitude towards university management, fellow students, and Perceived External 
Prestige – and therefore, an indirect impact on students' university commitment. The 
reasons for these assumptions and specific hypotheses are given in the following.  

2.1. Students' University Commitment (Affective Commitment) 

Students’ commitment reflects their overall satisfaction, sense of belonging, 
perception of educational quality, and willingness to attend the university again [11]. 
It is defined as the firm belief in acceptance of the university and also presents a desire 
to maintain a long-term relationship with a specific university [12], [13]. A survey 
conducted at the University of Split, Faculty of Economics, Business and Tourism, 
showed that dropout rates are the highest among first-year students, which could point 
out that HEIs need to put more effort into improving the efficiency of educational 
processes [14]. Students’ commitment reflects the student's motivation to continue the 
relationship with the university, noting that high reputation and trustable universities 
have a positive effect on students’ commitment [13]. The level of students’ 
commitment rises when students believe they have an opportunity for improvement 
within the university, as well as when they feel they have become key stakeholders 
[12]. Here, it is important to distinguish between normative commitment and affective 
commitment [15]. The affective commitment represents an emotional attachment 
(feelings of inspiration, pride, belonging, and so on), while normative commitment 
represents a feeling of obligation [16], [15]. For example, if a student remains with 
the university because they want to – it denotes affective commitment. Opposite of 
that, students with strong normative commitment will remain with the university 
because they feel that they ought to do so [15]. Affective commitment is indeed a 
meaningful concept within HE since it contributes to a sense of care towards the 
university and a desire to stay connected [16]. The importance of students’ 
commitment has been recorded long-ago: Tinto [17] stressed that students achieving 
a higher level of social and academic integration have stronger goal commitment and 
institutional commitment – resulting in a lower retention rate. Recent research showed 
that the relationship between students' university commitment and students' 
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effectiveness could also play an important part in the enrolment, financial planning, 
and management of the university [18] or, to put it differently, the commitment not 
only affects individuals’ outcomes but also impacts the organizational/university 
outcomes [12]). 

2.2. Attitude Towards University Management 

Universities worldwide are facing management problems such as [19]: (1) unbalanced 
growth in the number of students, (2) infrastructures that cannot keep up with the 
enrolment growth, (3) increased student/faculty ratios, (4) quality of education, (5) 
heavy competition for limited funding for research, and (6) heavy competition 
between the universities. At the same time, university management has a great 
responsibility as it has to maximize the impact on society through supervision and 
promotion of knowledge creation and science research [20]. In the literature related 
to smart universities and smart campuses, the management aspect is often highlighted 
as one of the main areas where changes are needed [21], [22], [23]. The importance 
of using technologies for data management to store, manage and use (big) data for 
providing an accurate basis for university management [24] is another promising 
research area with more and more evidence from real-life implementations [25]. The 
improvement in the efficiency of university management, for example resulting from 
the performance of an integrated information system, can improve various aspects of 
the educational process, automate administrative and business activities and financial 
management as well as provide information support to decision-making in all areas of 
the university [26], and, above all, contribute to better student experiences. The 
changes in university management can help address the identified challenges, 
resulting in better performance of the university, and, consequently, in developing 
feelings of pride in the student population, a sense that can be linked to commitment 
construct [16]. A hypothesis is formulated: 

H1. Positive attitude towards university management will have a positive impact 
on students' university commitment. 

2.3. Perception of Fellow Students 

Another aspect deemed important for students’ university commitment is the 
perception of fellow students. As mentioned before, affective commitment is related 
to emotional attachment [16]. Students find the opinions of close people relevant; for 
example, the commitment of students and their parents to obtaining a HE degree 
significantly relates to whether or not the students persist beyond their freshman year 
[27]. The same has been confirmed in recent years. Opinion about fellow students, 
such as negative impressions of them, increases the likelihood of first-year students 
dropping out [28], i.e. disliking them is considered one reason for a voluntary drop 
out [29]. Academic and social integration were the two most important factors in the 
retention of students [30]. As a part of social integration, the quality of the individual’s 
relationships with fellow students (regular contacts) and with lecturing staff 
(especially informal interactions) are considered essential [29]. Nowadays, 
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communication and regular contact are simplified – students have easy access to 
information they need, and they are connected 24/7 [7] with different university fellow 
groups for assistance, sharing and discussion or just staying informed [31]. This 
includes information about the university and its management structures that could 
lead to a sense of pride. Here, it is important to note that there is a great deal of research 
on marketing and mass communications identifying conditions under which group 
opinions influence individuals [32]. One of the conditions under which group opinions 
are more likely to persuade individuals is when the audience is younger, a point in the 
case when considering the student population [33]. Consequently, two hypotheses are 
formulated: 

H2. Positive attitude towards university management will have a positive impact 
on the perception of fellow students of the university. 

H3. Perception of fellow students of the university will have a positive impact on 
students' university commitment.  

2.4. Perceived External Prestige 

Analogously, acknowledging the importance of other people’s opinions but in a 
slightly narrower approach, the term perceived external prestige is examined. The 
concept refers to organizational members’ perceptions of how prestigious the 
organization is in external stakeholders' eyes [34]. It stands for what an individual 
thinks outsiders view his or her organization (and therefore, him- or herself as a 
member) [35], [36]. Authors Sung and Yang highlight that perceived external prestige 
is an individual-level variable [37] primarily because it is based on individual’s 
interpretations and assessments of their organization’s prestige, based on their 
exposure to information about the organization [34]. Due to this personal approach, 
members of the same organization may have different perceptions of its external 
prestige [37]. Perceived external prestige answers the question, “what do outsiders 
think of me because I belong to this organization?” [35]. The higher the organization's 
prestige, the more likely it is for the individual to identify with the organization 
because the affiliation to the organization enhances their self-esteem [37]. Many 
researchers in the field assumed that perceived external prestige influences an 
individual’s behavior due to their identification with the organization and have found, 
in different contexts, that perceived external prestige leads to individuals’ affective 
commitment [38]. In the university context, specifically, a study showed that 
perceived external prestige positively affected students’ supportive attitudes toward 
the university [37]. Based on the presented, two hypotheses are formulated: 

H4. Positive attitude towards university management will have a positive impact 
on perceived external prestige. 

H5. Perceived external prestige will have a positive impact on students' university 
commitment. 
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2.5. Smart Governance 

Authors define governance as interaction and collaboration between different 
stakeholders in decision-making processes [39]. Creating a collaborative environment 
(smart collaboration) is believed to be a prerequisite for smart governance concepts 
[40]. Characteristics such as openness and transparency of decision-making and 
actions, open information sharing, stakeholder participation and collaboration, 
leveraging operations and services via intelligent and integrated technology use, as 
well as organization’s role of facilitator of innovation, sustainability, competitiveness, 
and livability are used to define smart and open government [41], and as a subset of 
it, smart governance. It plays an essential role in providing transparent information-
sharing mechanisms, among other benefits [42] and using ICT offers the opportunity 
to know, understand, and govern problems [43]. Smart universities must implement 
smart governance solutions with foci on [23]: (1) enabling governance on multiple 
stakeholder levels, (2) implementing work plans, (3) improving organizational 
performances and (4) presenting management workflow which supports automated 
reporting. Good governance in the context of HE refers to the concept of shared 
governance or distributed leadership, a principle that requires the participation of 
numerous stakeholders in the decision‐making processes of universities [44]. 
Different stakeholders' expectations are mediated in smart university, ensuring the 
success of complex but cohesive and co-administered governance [45]. Various 
aspects of smart governance (for example, transparent communication via the web 
and mobile applications, resource sharing-booking) are explored in the paper. Four 
hypotheses are formulated: 

H6. Smart governance will have a positive impact on students' university 
commitment. 

H7. Smart governance will have a positive impact on the perception of fellow 
students of the university.  

H8. Smart governance will have a positive impact on the positive attitude towards 
university management.  

H9. Smart governance will have a positive impact on perceived external prestige. 
Figure 1 illustrates the hypothesized links between the five proposed constructs. 

3. Data and Methods 

3.1. Participants and Data Collection 

The study participants were the first-year students of the University in Split, Faculty 
of Economics, Business and Tourism. The respondents come from a relatively 
homogeneous group (first-year students) and share a similar background in education 
and economic situations. However, a slight gender imbalance is observed as there are 
approximately 70% of female respondents and 30% of male respondents, yet this is 
consistent with the enrolled students' structure. 
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(smart collaboration) is believed to be a prerequisite for smart governance concepts 
[40]. Characteristics such as openness and transparency of decision-making and 
actions, open information sharing, stakeholder participation and collaboration, 
leveraging operations and services via intelligent and integrated technology use, as 
well as organization’s role of facilitator of innovation, sustainability, competitiveness, 
and livability are used to define smart and open government [41], and as a subset of 
it, smart governance. It plays an essential role in providing transparent information-
sharing mechanisms, among other benefits [42] and using ICT offers the opportunity 
to know, understand, and govern problems [43]. Smart universities must implement 
smart governance solutions with foci on [23]: (1) enabling governance on multiple 
stakeholder levels, (2) implementing work plans, (3) improving organizational 
performances and (4) presenting management workflow which supports automated 
reporting. Good governance in the context of HE refers to the concept of shared 
governance or distributed leadership, a principle that requires the participation of 
numerous stakeholders in the decision‐making processes of universities [44]. 
Different stakeholders' expectations are mediated in smart university, ensuring the 
success of complex but cohesive and co-administered governance [45]. Various 
aspects of smart governance (for example, transparent communication via the web 
and mobile applications, resource sharing-booking) are explored in the paper. Four 
hypotheses are formulated: 

H6. Smart governance will have a positive impact on students' university 
commitment. 

H7. Smart governance will have a positive impact on the perception of fellow 
students of the university.  

H8. Smart governance will have a positive impact on the positive attitude towards 
university management.  

H9. Smart governance will have a positive impact on perceived external prestige. 
Figure 1 illustrates the hypothesized links between the five proposed constructs. 

3. Data and Methods 

3.1. Participants and Data Collection 

The study participants were the first-year students of the University in Split, Faculty 
of Economics, Business and Tourism. The respondents come from a relatively 
homogeneous group (first-year students) and share a similar background in education 
and economic situations. However, a slight gender imbalance is observed as there are 
approximately 70% of female respondents and 30% of male respondents, yet this is 
consistent with the enrolled students' structure. 
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Figure 1. Proposed research model (extended and adapted from Udir Mišič and Podnar [9])

Data was collected in late October 2019 using an online survey tool (Lime Survey). 
Students completed the questionnaires voluntarily and anonymously, in computer labs 
and under a teaching fellow's supervision. They were instructed to access the link to 
the online questionnaire placed in the e-learning system. It took students 
approximately 15 minutes to complete it, and there were 411 completed 
questionnaires.

3.2. Instrument

For the survey, two instruments were used to measure students’ perceptions of a 
university and its smart dimensions. The way the instruments were constructed, 
adapted and tested is presented in detail in another paper [6]. The first instrument 
measuring students’ perceptions was based on construct names and 15 statements that 
have been contextualized for the university setting, instead of city context as it was 
originally proposed in the model by Udir Mišič and Podnar [9]. Variables have been 
contextualized as follows: city = university, resident = student, live = study, people = 
colleagues, tourists = visiting students and scholars. The second instrument, with 18 
statements, was based on smart city characteristics classification by Giffinger et al.
[10] (3 questions per category). Exploratory factor analysis was used to test the 
construct validity of new instruments and reliability using Cronbach’s Alpha. After 
removing one item from the first and one item from the second instrument, both 
presented factor structures are valid. For this paper, from the second instrument, only 
Smart governance construct and related scales were used as is already presented in the 
theoretical background. 

3.3. Structured Equation Modeling (SEM)

Structural equation modeling (SEM) is a multivariate statistical analysis technique, a 
combination of factor analysis and path analysis. Part of the model that refers to 
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measuring is equivalent to factor analysis and interpretation or relationship between 
latent and manifest variables, while the structural part corresponds to path analysis 
and interpretation of direct and indirect effects between latent variables [46]. The error 
related to manifest variables presents measurement error, reflecting the suitability of 
manifest variable for measuring related latent factors. The structural equation model 
is flexible and comprehensive, defining the relationship between dependent and 
independent variables (whether they are manifest or latent). This enables statistical 
evaluation, including multiple regression weight, factor analysis and multivariate 
ANOVA (MANOVA) [47]. The convergent and discriminant validity of the model 
was tested using confirmatory factor analysis and other relevant calculations and 
coefficients (Cronbach’s alpha, Composite reliability, Average variance extracted, 
square root of AVE). The overall structural model contained 5 latent and 16 manifest 
variables presented further in the paper. 

4. Results 

4.1. Descriptive Statistics and Assessment of Normality 

Before the reliability and validity testing of the measurement model, a normality test 
was performed based on skewness and kurtosis values. According to Hair et al. [48], 
if the number is higher than +1 or lower than –1 for skewness or kurtosis, distributions 
are considered not normal. Following the stated criteria, the variable “PEP4 - The 
University in which I study is considered reputable” has been excluded from further 
analysis. Descriptive statistics and assessment of normality are presented in Table 1. 
 

Variable Min Max Mean SD Skew Kurtosis 
PEP4 1.00 5.00 4.23 0.875 -1.177 1.360 
PEP3 1.00 5.00 4.01 0.942 -.0677 -0.154 
PEP2 1.00 5.00 3.92 0.962 -0.691 0.073 

PEP1 1.00 5.00 3.58 1.107 -0.524 -0.423 

SGOV2 1.00 5.00 3.92 0.814 -0.237 -0.414 
SGOV3 1.00 5.00 4.17 0.749 -0.602 0.138 
SGOV1 1.00 5.00 3.91 0.948 -0.778 0.453 

PUM3 1.00 5.00 3.88 0.861 -0.614 0.635 

PUM2 1.00 5.00 3.83 0.848 -0.424 -0.014 
PUM1 1.00 5.00 3.90 0.775 -0.195 -0.381 
SUC4 1.00 5.00 3.90 0.963 -0.609 0.005 

SUC3 1.00 5.00 4.14 0.862 -0.829 0.474 

SUC2 1.00 5.00 3.93 0.969 -0.809 0.501 
SUC1 1.00 5.00 4.03 0.894 -0.631 -0.014 
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measuring is equivalent to factor analysis and interpretation or relationship between 
latent and manifest variables, while the structural part corresponds to path analysis 
and interpretation of direct and indirect effects between latent variables [46]. The error 
related to manifest variables presents measurement error, reflecting the suitability of 
manifest variable for measuring related latent factors. The structural equation model 
is flexible and comprehensive, defining the relationship between dependent and 
independent variables (whether they are manifest or latent). This enables statistical 
evaluation, including multiple regression weight, factor analysis and multivariate 
ANOVA (MANOVA) [47]. The convergent and discriminant validity of the model 
was tested using confirmatory factor analysis and other relevant calculations and 
coefficients (Cronbach’s alpha, Composite reliability, Average variance extracted, 
square root of AVE). The overall structural model contained 5 latent and 16 manifest 
variables presented further in the paper. 

4. Results 

4.1. Descriptive Statistics and Assessment of Normality 

Before the reliability and validity testing of the measurement model, a normality test 
was performed based on skewness and kurtosis values. According to Hair et al. [48], 
if the number is higher than +1 or lower than –1 for skewness or kurtosis, distributions 
are considered not normal. Following the stated criteria, the variable “PEP4 - The 
University in which I study is considered reputable” has been excluded from further 
analysis. Descriptive statistics and assessment of normality are presented in Table 1. 
 

Variable Min Max Mean SD Skew Kurtosis 
PEP4 1.00 5.00 4.23 0.875 -1.177 1.360 
PEP3 1.00 5.00 4.01 0.942 -.0677 -0.154 
PEP2 1.00 5.00 3.92 0.962 -0.691 0.073 

PEP1 1.00 5.00 3.58 1.107 -0.524 -0.423 

SGOV2 1.00 5.00 3.92 0.814 -0.237 -0.414 
SGOV3 1.00 5.00 4.17 0.749 -0.602 0.138 
SGOV1 1.00 5.00 3.91 0.948 -0.778 0.453 

PUM3 1.00 5.00 3.88 0.861 -0.614 0.635 

PUM2 1.00 5.00 3.83 0.848 -0.424 -0.014 
PUM1 1.00 5.00 3.90 0.775 -0.195 -0.381 
SUC4 1.00 5.00 3.90 0.963 -0.609 0.005 

SUC3 1.00 5.00 4.14 0.862 -0.829 0.474 

SUC2 1.00 5.00 3.93 0.969 -0.809 0.501 
SUC1 1.00 5.00 4.03 0.894 -0.631 -0.014 
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Variable Min Max Mean SD Skew Kurtosis 

PFSU3 1.00 5.00 4.12 0.826 -0.774 0.526 

PFSU2 1.00 5.00 3.81 0.893 -0.442 -0.033 
PFSU1 1.00 5.00 4.08 0.776 -0.551 0.220 

Table 1. Descriptive statistics and assessment of normality 

4.2. Reliability and Validity of the Measurement Model 

When selecting the number of manifest variables included in the model, the ratio of 
the sample size and the number of parameters were taken into account. Authors Hair 
et al. [49] suggest that the minimum sample size is 150 respondents for models 
containing 7 or fewer latent variables – each having 3 or more manifest variables with 
moderate variance projection on a relevant latent variable (0.5). Since the number of 
respondents is adequate (N=411), there was no need for reducing the number of latent 
and manifest variables. Cronbach’s alpha coefficient for reliabilities was calculated, 
showing the internal consistency of items measuring the same construct [47]. There 
are varying opinions related to the acceptability of constructs based on alpha 
coefficients – Felder and Spurlin [50] consider α=0.5 as a lower limit for acceptance, 
while [51] suggests it is 0.7. Another criterion, such as a minimum sample size of 300, 
is emphasized [52], or even 400 respondents required to have a reliable estimation of 
Cronbach's alpha coefficients. Cronbach's alpha for each construct was above 0.7 
(Table 3), indicating high reliability. 
 

Abbrev. Manifest variables FL Corresponding 
latent variable 

SUC1 At the university where I study, I will continue to 
study, because I love my university. 0.912 

Students' 
university 
commitment 
(affective 
commitment) 
(SUCOM) 

SUC2 I wish to continue to study at this university because 
I enjoy it. 0.859 

SUC3 I would like to continue to study at the university 
where I study now because it makes me feel good. 0.875 

SUC4 
At the university where I study, I will continue to 
study, because this is the best place for me and my 
family. 

0.781 

PEP1 Students of other universities think highly of the 
university where I study. 0.754 

Perceived external 
prestige (PEP) PEP2 It is believed that it is good to study at the university 

where I study. 0.882 

PEP3 It is believed that the university where I study is one 
of the most prestigious in the country. 0.690 

PUM1 
University management includes and takes into 
account various disciplines regarding the 
development of the university. 

0.830 Positive attitude 
towards university 
management 
(PUMANG) PUM2 University management encourages diverse 

cultural, artistic and sports activities. 0.757 
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Abbrev. Manifest variables FL Corresponding 
latent variable 

PUM3 The university management has a clearly defined 
vision. 0.755 

PFSU1 At the university where I study, colleagues show 
solidarity with each other. 0.751 Perception of 

fellow students of 
the university 
(PFellSt) 

PFSU2 Students of the university are in favor of and 
friendly to visiting students and scholars. 0.797 

PFSU3 Students at the university where I study, feel safe. 0.804 

SGOV1 

University where I study implements new 
technology and digital services for common 
activities (such as communication with student 
offices, for library services and similar). 

0.761 

Smart governance 
(SMARTGOV) 

SGOV2 

University where I study implements new 
technology and digital services to increase 
efficiency and effectiveness for management of 
public campus infrastructure (e.g. signalization, 
booking of campus resources and similar). 

0.750 

SGOV3 

University where I study implements new 
technology and digital services to achieve 
transparent and trustworthy communication with all 
stakeholders (primarily using the web and mobile 
applications). 

0.731 

Table 2. Results of confirmatory factor analysis (manifest and latent variables included in the 
SEM model and standardized factor loadings from AMOS model) 

Convergent and discriminant validity of the scales was tested using confirmatory 
factor analysis. Convergent validity was checked using three tests (recommended by 
Anderson and Gerbing as cited in [53]): standardized factor loadings, composite 
reliabilities and average variance extracted. Standardized factor loadings of manifest 
variables in the model are obtained based on the confirmatory factor analysis done in 
AMOS based on the sample of 411 respondents. As presented in Table 2, all items 
loaded in the range from 0.690 to 0.912 and are statistically significant (p<0,01), 
indicating a good measurement level of latent variables. Based on the criteria used for 
estimating composite reliability (CR) ≥ 0,7 and average variance extracted (AVE) ≥ 
0,5 [54], there is only one construct (presented in Table 3) – Smart governance, that 
has CR=0.684, deviating slightly from the satisfactory convergent validity scale. 
Bearing in mind that all other constructs have appropriate values of CR and AVE, and 
taking into consideration that value of Cronbach’s alpha coefficient for the Smart 
governance construct is satisfactory (which can be used as an alternative measure for 
CR), and adding that the construct has only three statements – construct was kept in 
for the purpose of discriminant validity testing. 
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Abbrev. Manifest variables FL Corresponding 
latent variable 

PUM3 The university management has a clearly defined 
vision. 0.755 

PFSU1 At the university where I study, colleagues show 
solidarity with each other. 0.751 Perception of 

fellow students of 
the university 
(PFellSt) 

PFSU2 Students of the university are in favor of and 
friendly to visiting students and scholars. 0.797 

PFSU3 Students at the university where I study, feel safe. 0.804 

SGOV1 

University where I study implements new 
technology and digital services for common 
activities (such as communication with student 
offices, for library services and similar). 

0.761 

Smart governance 
(SMARTGOV) 

SGOV2 

University where I study implements new 
technology and digital services to increase 
efficiency and effectiveness for management of 
public campus infrastructure (e.g. signalization, 
booking of campus resources and similar). 

0.750 

SGOV3 

University where I study implements new 
technology and digital services to achieve 
transparent and trustworthy communication with all 
stakeholders (primarily using the web and mobile 
applications). 

0.731 

Table 2. Results of confirmatory factor analysis (manifest and latent variables included in the 
SEM model and standardized factor loadings from AMOS model) 

Convergent and discriminant validity of the scales was tested using confirmatory 
factor analysis. Convergent validity was checked using three tests (recommended by 
Anderson and Gerbing as cited in [53]): standardized factor loadings, composite 
reliabilities and average variance extracted. Standardized factor loadings of manifest 
variables in the model are obtained based on the confirmatory factor analysis done in 
AMOS based on the sample of 411 respondents. As presented in Table 2, all items 
loaded in the range from 0.690 to 0.912 and are statistically significant (p<0,01), 
indicating a good measurement level of latent variables. Based on the criteria used for 
estimating composite reliability (CR) ≥ 0,7 and average variance extracted (AVE) ≥ 
0,5 [54], there is only one construct (presented in Table 3) – Smart governance, that 
has CR=0.684, deviating slightly from the satisfactory convergent validity scale. 
Bearing in mind that all other constructs have appropriate values of CR and AVE, and 
taking into consideration that value of Cronbach’s alpha coefficient for the Smart 
governance construct is satisfactory (which can be used as an alternative measure for 
CR), and adding that the construct has only three statements – construct was kept in 
for the purpose of discriminant validity testing. 
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Constructs Number 
of items 

Cronbach's 
alpha 

Composite 
reliability 

(CR) 

Average 
variance 
extracted 

(AVE) 
Students' university 
commitment (SUCOM) 4 0.916 0.918 0.736 

Perceived External 
Prestige (PEP) 3 0.816 0.713 0.608 

Positive attitude towards 
university management 
(PUMANG) 

3 0.822 0.717 0.611 

Perception of fellow 
students of the 
university (PFellSt) 

3 0.826 0.720 0.615 

Smart governance 
(SMARTGOV) 3 0.789 0.684 0.559 

Table 3. Results of reliability and convergent validity test 

Table 4 presents the square root of AVE diagonally in bold emphasis and the 
correlation of pairs of latent variables (constructs) below the diagonal. The correlation 
of latent variables is lower than the square root of AVE for every pair of variables, 
confirming the discriminant validity of the scale. Consequently, the construct is 
regarded as distinct from other constructs since the criteria are met. 
 

** p < 0.001 

Table 4. Results of discriminant validity test 

4.3. Structural Model Analysis 

Several relevant fit indices have been calculated and are presented in Table 5 to 
determine if the hypothesized model fits the analyzed data. Since there are a number 
of fit indices available, only the ones that provide enough information for model 
estimation have been chosen [49]. 
 

Fit measure Model value Acceptable fit 
Comparative Fit Index (CFI) 0.972 ≥0.900 

RMSEA 0.051 ≤ 0.08 

AGFI (adjusted goodness-of-fit index)  0.921 ≥0.800 

Constructs SUCOM PEP PUMANG PFellSt SMARTGOV 
SUCOM  0.858     
PEP 0.537** 0.780    
PUMANG 0.511** 0.520** 0.782   
PFellSt 0.601** 0.616** 0.755** 0.784  
SMARTGOV 0.457** 0.441** 0.619** 0.565* 0.748 
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GFI (goodness-of-fit index) 0.945 ≥0.900 

Chi-square 195.893  

Degrees of freedom 95  

Probability level 0.000 P≥0.05 

Chi-square/Degrees of freedom 2.062 <3.00 

Table 5. Overall model fit indices for the research model 

Given that all values of analyzed indices are within acceptable ranges, it can be 
concluded that the defined model is suitable for further structural analysis. 
 

Constructs' relationship 
Standardized 

regression 
weight 

Critical 
Ration 
(C. R.) 

p 
values 

Hypothesis 
supported 

PUMANG → SUCOM 0.030 0.291 0.771 H1 - Not 
supported 

PUMANG → PFellSt 0.696** 9.295 0.000 H2 - Supported 
PfellSt → SUCOM 0.355** 3.765 0.000 H3 - Supported 
PUMANG → PEP 0.463** 6.027 0.000 H4 - Supported 
PEP → SUCOM 0.270** 4.474 0.000 H5 - Supported 

SMARTGOV → SUCOM 0.121 1.792 0.073 H6 - Not 
supported 

SMARTGOV→ PFellSt 0.141* 2.140 0.032 H7 - Supported 
SMARTGOV → PUMANG 0.621** 9.897 0.000 H8 - Supported 
SMARTGOV→ PEP 0.164* 2.188 0.029 H9 - Supported 

*p < 0.05; ** p < 0.001 

Table 6. Results of the structural model and hypotheses testing 

As presented in Table 6 and Figure 2, all of the path coefficients have a positive 
effect, and seven of them are statically significant with an associated p-value lower 
than 0.05. Exceptions are the path leading from the Positive attitude towards 
university management to Students' university commitment and path from Smart 
governance to Students' university commitment; even though the effects are positive, 
they are not statically significant (H1 and H6 are not supported by the results). Results 
show the significant and positive effect of Smart governance on Perception of fellow 
students (0.141), Positive attitude towards university management (0.621) and 
Perceived External Prestige (0.164) – H7, H8, and H9 are thus supported. The highest 
effect is on Positive attitude towards university management, which is significant at 
level p>0,001. Furthermore, the effect of Positive attitude towards university 
management on Perceived External Prestige (0.463), as well as on the Perception of 
fellow students (0.696), is high and significant (p<0.001) – H4 and H2 are also 
supported. In addition, the effect of the Perception of fellow residents (0.355) and 
Perceived External Prestige (0.270) on Students’ university commitment are moderate 



13

JIOS, VOL. 45. NO. 1 (2021), PP. 1-20

JADRIĆ, ĆUKUŠIĆ AND MIJAČ RELATING SMART GOVERNANCE AS A UNIVERSITY... 

  

GFI (goodness-of-fit index) 0.945 ≥0.900 

Chi-square 195.893  

Degrees of freedom 95  

Probability level 0.000 P≥0.05 

Chi-square/Degrees of freedom 2.062 <3.00 

Table 5. Overall model fit indices for the research model 

Given that all values of analyzed indices are within acceptable ranges, it can be 
concluded that the defined model is suitable for further structural analysis. 
 

Constructs' relationship 
Standardized 

regression 
weight 

Critical 
Ration 
(C. R.) 

p 
values 

Hypothesis 
supported 

PUMANG → SUCOM 0.030 0.291 0.771 H1 - Not 
supported 

PUMANG → PFellSt 0.696** 9.295 0.000 H2 - Supported 
PfellSt → SUCOM 0.355** 3.765 0.000 H3 - Supported 
PUMANG → PEP 0.463** 6.027 0.000 H4 - Supported 
PEP → SUCOM 0.270** 4.474 0.000 H5 - Supported 

SMARTGOV → SUCOM 0.121 1.792 0.073 H6 - Not 
supported 

SMARTGOV→ PFellSt 0.141* 2.140 0.032 H7 - Supported 
SMARTGOV → PUMANG 0.621** 9.897 0.000 H8 - Supported 
SMARTGOV→ PEP 0.164* 2.188 0.029 H9 - Supported 

*p < 0.05; ** p < 0.001 

Table 6. Results of the structural model and hypotheses testing 

As presented in Table 6 and Figure 2, all of the path coefficients have a positive 
effect, and seven of them are statically significant with an associated p-value lower 
than 0.05. Exceptions are the path leading from the Positive attitude towards 
university management to Students' university commitment and path from Smart 
governance to Students' university commitment; even though the effects are positive, 
they are not statically significant (H1 and H6 are not supported by the results). Results 
show the significant and positive effect of Smart governance on Perception of fellow 
students (0.141), Positive attitude towards university management (0.621) and 
Perceived External Prestige (0.164) – H7, H8, and H9 are thus supported. The highest 
effect is on Positive attitude towards university management, which is significant at 
level p>0,001. Furthermore, the effect of Positive attitude towards university 
management on Perceived External Prestige (0.463), as well as on the Perception of 
fellow students (0.696), is high and significant (p<0.001) – H4 and H2 are also 
supported. In addition, the effect of the Perception of fellow residents (0.355) and 
Perceived External Prestige (0.270) on Students’ university commitment are moderate 
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and significant (p<0.001) – H3 and H5 are also supported. On the contrary, the effect 
of the Positive attitude towards university management on Students' university 
commitment, with a path coefficient of 0.03 is low, and has no significant effect, the 
same as the path from Smart governance to Students’ university commitment (0.121). 
Results of the structural model analysis by Udir Mišič and Podnar [9] showed very 
similar results regarding the path leading from Perception of city management to 
Citizens’ commitment, i.e. the path coefficient was also low and not significant for 
both cities.  

In brief, the results demonstrate that the Perception of fellow students and 
Perceived External Prestige mediate the correlation between constructs Smart 
governance and Students’ university commitment. Both Perceived External Prestige 
and the Perception of fellow students are significant drivers of Students’ university 
commitment. Positive attitude towards university management had a significant effect 
on Perceived External Prestige and Perception of fellow students but, surprisingly, 
had no significant direct effect on Students’ university commitment. 

Squared Multiple Correlation is the communality estimate for an indicator 
variable. The estimated value measures the percent of the variance in a given indicator 
variable explained by its latent variable (factor); the results are shown in Table 7. 

 
Construct Estimate 

PUMANG 0.377 
PEP 0.336 
PFellSt 0.627 
SUCOM 0.412 

Table 7. Squared Multiple Correlations 

Figure 2 illustrates the validated research model with path coefficients and the 
significance of each relationship (*p < 0.05; ** p < 0.001). The model also includes 
calculated variances R2 (from table 7) for each independent variable. 

5. Discussion 
This study aimed to examine the antecedents of students’ university commitment. 
Specifically, the intention was to explore the level and the relation of one smart 
university feature – smart governance to the Positive attitude towards university 
management, Perception of fellow students, and Perceived External Prestige (PEP) as 
antecedents of university affective commitment. To the best of our knowledge, a study 
focusing on these constructs and in this form has not been conducted in the university 
context. The survey was conducted at the University of Split, the second biggest 
university in Croatia, composed of eleven faculties, one academy of arts and four 
university departments.  

The study confirmed that, in the given context, Smart governance has positive 
effects on students’ perceptions (Perception of fellow students, Positive attitude 
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towards university management and Perceived External Prestige). Smart governance 
is characterized by openness, transparency, participation and collaboration [41].

Positive attitude towards 
university management 

(PUMANG)

Perceived External 
Prestige (PEP)

Perception of fellow 
students of the university 

(PFellSt)

Students' university 
commitment (SUCOM)

Smart Governance 
(SMARTGOV) 0.030

PUM1

PUM2

PUM3

PFSU1

PFSU2

PFSU3

PEP1

PEP2

PEP3

SGOV1SGOV2SGOV3
SUC1

SUC3

SUC2

SUC4

0.121

Perceived External 
Prestige (PEP)

PEP1

PEP2

PEP3

R2=0.627

R2=0.412R2=0.377

R2=0.336

Figure 2. Validated final structural model

The strongest impact is on the Positive attitude towards university management 
(0.621), reflecting its importance. It is not enough only to use the technology that 
makes universities smart, but the universities also have to manage and facilitate the 
creation of smart human social capital and support innovative investments fostering 
synergies between teaching and research [2]. The same authors acknowledge that the 
smart university also has less bureaucracy [2], which would surely have a positive 
impact on students nowadays. Even though previous studies have demonstrated that 
the level of students’ commitment rises when students have more opportunities and 
when they feel like they have become relevant stakeholders [12]), the results from this 
study surprisingly show a week correlation between Smart governance and Students’ 
university commitment. Smart governance does, however, have an indirect impact on
Students’ university commitment through the Perception of fellow students and 
Perceived External Prestige. The results are consistent with the theoretical background 
when explaining the link between the Perception of fellow students and Students’ 
university commitment similar to studies that demonstrate that the opinion of close 
people influences the decision to maintain the relationship and stay affiliated to the 
university [29], [16], [30]. Positive and significant effect of Perceived External 
Prestige on Students’ university commitment was expected in line with other studies 
that indicate that the external prestige leads to individuals’ affective commitment [38, 
34]. This would mean that students who believe that individuals from outside the 
university have reasonable opinion about it would develop affective commitment.
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towards university management and Perceived External Prestige). Smart governance 
is characterized by openness, transparency, participation and collaboration [41].
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In relying on first-year students' feedback when they state, "I wish to continue to 
study at this university because I enjoy it" or "University management includes and 
takes into account various disciplines regarding the development of the university", 
one has to be cautious. It comes as no surprise that the strongest relationship is 
observed between the Positive attitude towards university management and the 
Perception of fellow students (0.696) since students form a strong opinion based on 
their experience (not just from the university but also from school). In that context, it 
is not surprising that the correlation between the Positive attitude towards university 
management and Students’ university commitment is low and not significant, leaving 
the gap for future research: more focus has to be put on examining that relationship to 
see whether any other constructs could contribute to the explanation. University 
management considers a lot of aspects in order to improve efficiency, increase 
education quality and satisfy the needs of students, and as a result, it has an impact on 
student's attitudes towards the university as well as on how prestigious the 
organization is in the eyes of external individuals. If university management works 
well, it manifests to both Perception of fellow students (they will be satisfied) and 
Perceived External Prestige (outside individuals would have a good opinion about the 
university due to, for example, good university rankings or accreditations and similar). 
University outputs are the results of university management.  

The limitation of this study is that the participants were limited to first-year 
students. There are plans to survey students from senior years to see how years of 
study affect their opinions. Also, gender imbalance among participants represents a 
limitation; however, these results are consistent with the institutional enrolment data. 
For future research, it would also be interesting to conduct this same study in other 
universities in Croatia and other European universities and compare the results. Due 
to the aforementioned limitations, one could not generalize the results without caution. 

6. Conclusion 
By addressing the relationships across selected constructs, this quantitative research 
contributes to growing research on smart universities. This paper seeks to contribute 
an understanding of how university management, using smart technologies, can 
increase university commitment and students’ perceptions. Results showed that Smart 
governance has a positive impact on the Perception of fellow students of the 
university, Positive attitude towards university management and Perceived External 
Prestige. Smart governance also has an indirect impact on Students' university 
commitment (through Perception of fellow students and Perceived External prestige). 
Results also confirm that a Positive attitude towards university management positively 
correlates with Perceived External Prestige and Perception of fellow students of the 
university. Both Perceived External Prestige and the Perception of fellow students 
also have a positive impact on Students’ university commitment. However, the 
relationship between a Positive attitude towards university management and Students' 
university commitment is not significant, so a Positive attitude towards university 
management influences affective commitment only through the aforementioned 
constructs. Smart governance has a highly positive and significant effect on students’ 
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perceptions, meaning that interaction, transparency, and inclusion in the decision-
making processes and taking into consideration all stakeholders in resource 
management can be vital for improving students’ experiences. Improving experiences 
for students and staff is one of the reasons why universities tend to become smart [8]. 
The practical implication of this study would be that finding antecedents of university 
commitment would help universities to achieve one of their main goals – attract and 
retain the best students and staff from around the globe [7]. In the process, the issues 
that universities need to study in-depth are how to use available technologies, improve 
user experience, optimize teaching methods, and improve teaching efficiency and 
effectiveness [24]. The role of University management cannot be neglected. For 
example, there is a lot to improve: introduce frequent and transparent communication 
on university achievements, projects, and other outputs and more. 
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Abstract 
In the paper, we consider non-classical queueing systems with non-homogeneous 
customers. The non-homogeneity we treat in the following sense: in systems under 
consideration, we characterize each customer by random capacity (volume) that can 
have an influence on his service time. We analyze a stochastic process having the sense 
of the total volume of all customers present in the system at given time instant. Such 
analysis for different queueing systems with unlimited or limited total volume can be 
used in designing of nodes of computer and communication networks while 
determining their buffer space capacity. We discuss basic problems of the theory of 
these systems and their performance characteristics. We also present some examples 
and results for systems with random volume customers. 
Keywords: customer’s volume, buffer space capacity, total volume, loss probability, 
volume unit loss probability, Laplace-Stieltjes transform 

1. Introduction  
Classical queueing theory was created by Danish engineer and scientist A.K. Erlang in 
the early years of 20th century. Its first mathematical models were used in designing of 
telephone networks.  Now, they are known as M/M/n/0 or Erlang systems. Nowadays, 
queueing theory contains a set of developed mathematical tools that are widely used as 
mathematical models of many real objects, such as markets, communication and 
computer networks, airport traffic, Internet etc. (see e.g. [1], [2], [3], [4], [5]). 

Classical queueing models are often used for determination of communication 
networks’ nodes characteristics [6], [7], [8], [9]. One of the most important of them is 
loss probability or probability of message’s losing that depends on messages’ arrival 
process characteristics, buffer space capacity of the node and distributions of message’s 
volume and its service time. 
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Let 𝜂𝜂(𝑡𝑡)be the number of customers present in a system under consideration at time 
instant t. It is known that, in classical queueing theory, the determination of almost all 
performance characteristics comes to analysis of a stochastic process 𝜂𝜂(𝑡𝑡). But such 
analysis becomes insufficient, if we want e.g. to determine buffer space capacity of a 
communication network’s node that guarantees small losses of information transmitted 
in the network. The causes of this fact are the following: 1) different messages 
(customers) in a network consist, as a rule, of different numbers of bytes, in other 
words, they have different volumes; 2) service time of a customer can be dependent on 
his volume; 3) the total (summarized) volume of customers present in the system is 
limited by some buffer capacity. The factors 1–3 are not be able taken into 
consideration in classical queueing theory.  

To overcome appeared difficulties, we have to introduce the following 
assumptions: 1) each customer in the system is characterized by random volume 𝜁𝜁, 
where 𝜁𝜁 is a non-negative random variable (RV); 2) service time 𝜉𝜉 of a customer can 
depend on his volume, generally, this dependence can be defined by a joint distribution 
function (DF) 

𝐹𝐹(𝑥𝑥, 𝑡𝑡) = 𝐏𝐏{𝜁𝜁 < 𝑥𝑥, 𝜉𝜉 < 𝑡𝑡}.                                              (1) 

Let 𝜎𝜎(𝑡𝑡)be the total volume, i.e. the sum of volumes of all customers present in the 
system at time instant t. The process 𝜎𝜎(𝑡𝑡)is a generalization of 𝜂𝜂(𝑡𝑡)one. Indeed, their 
values are the same, if 𝜁𝜁 ≡ 1. It is clear that changing epochs of both these processes 
are the same, because their values change at epochs of customers arriving to the system 
and customers service termination. But it is clear that an analysis of the process 𝜎𝜎(𝑡𝑡) is 
more complicated, because, at an epoch of service termination, each customer takes 
away from the buffer the same volume that he brings to it at an arrival epoch. For the 
process 𝜂𝜂(𝑡𝑡), these values are equal 1 and −1, respectively. We assume that volumes of 
different customers are independent and do not depend on the customers’ arriving 
epochs. 

Note that, from relation (1), we obtain the following formulae for DFs 𝐿𝐿(𝑥𝑥) and 
𝐵𝐵(𝑡𝑡) of RVs 𝜁𝜁 and 𝜉𝜉, respectively: 

𝐿𝐿(𝑥𝑥) = 𝐏𝐏{𝜁𝜁 < 𝑥𝑥} = lim
𝑡𝑡→∞

𝐹𝐹(𝑥𝑥, 𝑡𝑡) = 𝐹𝐹(𝑥𝑥, ∞), 𝐵𝐵(𝑡𝑡) = 𝐏𝐏{𝜉𝜉 < 𝑡𝑡} = lim
𝑥𝑥→∞

𝐹𝐹(𝑥𝑥, 𝑡𝑡) = 𝐹𝐹(∞, 𝑡𝑡). 

In queueing models of real systems, the total volume is usually limited by constant 
value V > 0 that is called buffer space capacity of the system. Below, we assume that 
inequality 0 ≤ 𝜎𝜎(𝑡𝑡) ≤ 𝑉𝑉 holds (the case of 𝑉𝑉 = ∞ is also possible for some models). We 
also assume that buffer space is occupied by a customer at an epoch he arrives and is 
released entirely at an epoch he completes service. If the value V is finite, it leads to 
additional losses of customers. A customer of volume x, which arrives at epoch 𝜏𝜏 when 
there are idle servers or waiting positions in the queue, will be admitted to the system, 
if 𝜎𝜎(𝜏𝜏 − 0) + 𝑥𝑥 ≤ 𝑉𝑉, where 𝜎𝜎(𝜏𝜏 − 0) is the left-sided limit of the process 𝜎𝜎(𝑡𝑡) at the point 
of 𝜏𝜏. In other words, if 𝜏𝜏 is an arriving epoch, then 𝜎𝜎(𝜏𝜏 − 0) is the number of customers 
present in the system just before 𝜏𝜏. Otherwise (if 𝜎𝜎(𝜏𝜏 − 0) + 𝑥𝑥 > 𝑉𝑉), the customer will 
be lost. In the first case, we have 

𝜂𝜂(𝜏𝜏) = 𝜂𝜂(𝜏𝜏 − 0) + 1, 𝜎𝜎(𝜏𝜏) = 𝜎𝜎(𝜏𝜏 − 0) + 𝑥𝑥, 
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where 𝜂𝜂(𝜏𝜏 − 0) is the left-sided limit of the process 𝜂𝜂(𝑡𝑡) at the point of 𝜏𝜏. In the second 
case, we obtain: 

𝜂𝜂(𝜏𝜏) = 𝜂𝜂(𝜏𝜏 − 0), 𝜎𝜎(𝜏𝜏) = 𝜎𝜎(𝜏𝜏 − 0). 
If t is an epoch of service termination of a customer having volume x, we obtain 

𝜂𝜂(𝑡𝑡) = 𝜂𝜂(𝑡𝑡 − 0) − 1, 𝜎𝜎(𝑡𝑡) = 𝜎𝜎(𝑡𝑡 − 0) − 𝑥𝑥. 

2. Classification of Models 
Consider firstly a classical queueing system of GI/G/n/m (1 ≤ 𝑛𝑛 ≤ ∞, 0 ≤ 𝑚𝑚 ≤ ∞) 
type  in Kendall’s notation (see e.g. [2]). This system with identical servers 𝑆𝑆1, ..., 𝑆𝑆𝑛𝑛 
is shown schematically in Fig. 1.  

 
Fig. 1. Classical queueing system GI/G/n/m 

Denote by GI/G/n/(m,V) a similar system with random volume customers and 
limited by value V (𝑉𝑉 ≤ ∞) total volume. It is shown in Fig. 2. 

 
Fig. 2. Queueing system GI/G/n/(m,V) with random volume customers 

It is clear that the system shown in Fig. 2 generally differs from classical one, 
because its loss characteristics at some arrival epoch depend on the volume of arriving 
customer and the total volume of other customers present in the system at this time. 
Indeed, compare mechanisms of customers’ losing in both systems under assumption 
that there are no other limitations except those shown in Fig. 1 and Fig. 2. 

In both systems, a customer is lost, if, at the epoch 𝜏𝜏 of his arrival, there are             
𝑛𝑛 + 𝑚𝑚 other customers in each of them (𝜂𝜂(𝜏𝜏 − 0) = 𝑛𝑛 + 𝑚𝑚). In the system GI/G/n/(m,V), 
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a customer having volume x is lost not only if 𝜂𝜂(𝜏𝜏 − 0) = 𝑛𝑛 + 𝑚𝑚, but also if 𝜎𝜎(𝜏𝜏 − 0) +
𝑥𝑥 > 𝑉𝑉. It means that an admission or losing of a customer partly or completely depends 
on his volume and total volume of other customers present in the system.  

Classification of models of systems with random volume customers is determined 
by the type of RVs 𝜁𝜁 and 𝜉𝜉 dependence and the value V. Then, we can distinguish four 
following classes of these models: 1) models with 𝑉𝑉 = ∞ and independent RVs 𝜁𝜁 and 
𝜉𝜉 (𝐹𝐹(𝑥𝑥, 𝑡𝑡) = 𝐿𝐿(𝑥𝑥)𝐵𝐵(𝑡𝑡)); 2) models with 𝑉𝑉 < ∞ and independent RVs 𝜁𝜁 and 𝜉𝜉; 3) models 
with 𝑉𝑉 = ∞ and dependent RVs 𝜁𝜁 and 𝜉𝜉 (𝐹𝐹(𝑥𝑥, 𝑡𝑡) ≠ 𝐿𝐿(𝑥𝑥)𝐵𝐵(𝑡𝑡)); 4) models with 𝑉𝑉 < ∞ 
and dependent RVs 𝜁𝜁 and 𝜉𝜉. 

Note that an analysis of models of the first class can be carried out by tools of 
classical queueing theory. 

Consider e.g. a steady-state queueing system M/G/1/∞. Let 𝐿𝐿(𝑥𝑥) be DF of 
customer’s volume 𝜁𝜁, and service time 𝜉𝜉 of a customer does not depend on his volume. 
Denote by 𝐵𝐵(𝑡𝑡) DF of RV 𝜉𝜉 and by 𝛽𝛽(𝑞𝑞) = ∫ 𝑒𝑒−qtd𝐵𝐵(𝑡𝑡)∞

0  Laplace-Stieltjes transform 
(LST) of this DF. Let a and 𝛽𝛽1 be parameters of the arrival process and the mean service 
time of a customer, respectively, then we have 𝜌𝜌 = 𝑎𝑎𝑎𝑎1 < 1. 

It is clear that, in the system under consideration, a distribution of number of 
customers 𝜂𝜂 present in the system in steady state does not depend on their volumes. 
Introduce the notation 𝑝𝑝𝑘𝑘 = 𝐏𝐏{𝜂𝜂 = 𝑘𝑘}. Let 𝑃𝑃(𝑧𝑧) = ∑ 𝑝𝑝𝑘𝑘𝑧𝑧𝑘𝑘∞

𝑘𝑘=0 , |𝑧𝑧| < 1, be generating 
function of number of customers present in the system. Then, the Pollaczek-Khinchine 
formula takes place (see e.g. [1]): 

𝑃𝑃(𝑧𝑧) = (1 − 𝜌𝜌)(1 − 𝑧𝑧)𝛽𝛽(𝑎𝑎 − 𝑎𝑎z)
𝛽𝛽(𝑎𝑎 − 𝑎𝑎z) − 𝑧𝑧 . 

Denote by 𝐷𝐷(𝑥𝑥) DF of the total steady-state customers’ volume 𝜎𝜎. From the fact 
that volumes of customers are independent and their service times do not depend on 
their volumes, we obtain the following relations: 𝐏𝐏{𝜎𝜎 < 𝑥𝑥|𝜂𝜂 = 𝑘𝑘} = 𝐿𝐿∗

(𝑘𝑘)(𝑥𝑥), where 
𝐿𝐿∗

(𝑘𝑘)(𝑥𝑥) is k-fold Stieltjes convolution of DF 𝐿𝐿(𝑥𝑥), i.e. 𝐿𝐿∗
(1)(𝑥𝑥) = 𝐿𝐿(𝑥𝑥), 𝐿𝐿∗

(𝑘𝑘)(𝑥𝑥) =
∫ 𝐿𝐿∗

(𝑘𝑘−1)(𝑥𝑥 − 𝑢𝑢)dL(𝑢𝑢)𝑥𝑥
0  for 𝑘𝑘 = 2, 3, ..., and 𝐏𝐏{𝜎𝜎 = 0} = 𝑝𝑝0 = 1 − 𝜌𝜌. Then, for DF 𝐷𝐷(𝑥𝑥), we 

obtain 

𝐷𝐷(𝑥𝑥) = 𝑝𝑝0 + ∑ 𝑝𝑝𝑘𝑘𝐏𝐏{𝜎𝜎 < 𝑥𝑥|𝜂𝜂 = 𝑘𝑘}
∞

𝑘𝑘=1
= 𝑝𝑝0 + ∑ 𝑝𝑝𝑘𝑘𝐿𝐿∗

(𝑘𝑘)(𝑥𝑥)
∞

𝑘𝑘=1
. 

Passing to LST with respect to x in the last relation, we have: 

𝛿𝛿(𝑠𝑠) = ∫ 𝑒𝑒−𝑠𝑠𝑠𝑠dD(𝑥𝑥)
∞

0
= ∑ 𝑝𝑝𝑘𝑘(𝜑𝜑(𝑠𝑠))𝑘𝑘

∞

𝑘𝑘=0
= 𝑃𝑃(𝜑𝜑(𝑠𝑠)) = 

=
(1 − 𝜌𝜌)(1 − 𝜑𝜑(𝑠𝑠))𝛽𝛽(𝑎𝑎 − 𝑎𝑎𝑎𝑎(𝑠𝑠))

𝛽𝛽(𝑎𝑎 − 𝑎𝑎𝑎𝑎(𝑠𝑠)) − 𝜑𝜑(𝑠𝑠) ,                                          (2) 

 

where 𝛿𝛿(𝑠𝑠) and 𝜑𝜑(𝑠𝑠)(𝑠𝑠) denote LSTs of DFs 𝐷𝐷(𝑥𝑥) and 𝐿𝐿(𝑥𝑥), respectively. I.e. we obtain 
in this case that a distribution of steady-state total volume 𝜎𝜎 is completely determined 
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Denote by 𝐷𝐷(𝑥𝑥) DF of the total steady-state customers’ volume 𝜎𝜎. From the fact 
that volumes of customers are independent and their service times do not depend on 
their volumes, we obtain the following relations: 𝐏𝐏{𝜎𝜎 < 𝑥𝑥|𝜂𝜂 = 𝑘𝑘} = 𝐿𝐿∗

(𝑘𝑘)(𝑥𝑥), where 
𝐿𝐿∗

(𝑘𝑘)(𝑥𝑥) is k-fold Stieltjes convolution of DF 𝐿𝐿(𝑥𝑥), i.e. 𝐿𝐿∗
(1)(𝑥𝑥) = 𝐿𝐿(𝑥𝑥), 𝐿𝐿∗

(𝑘𝑘)(𝑥𝑥) =
∫ 𝐿𝐿∗

(𝑘𝑘−1)(𝑥𝑥 − 𝑢𝑢)dL(𝑢𝑢)𝑥𝑥
0  for 𝑘𝑘 = 2, 3, ..., and 𝐏𝐏{𝜎𝜎 = 0} = 𝑝𝑝0 = 1 − 𝜌𝜌. Then, for DF 𝐷𝐷(𝑥𝑥), we 

obtain 

𝐷𝐷(𝑥𝑥) = 𝑝𝑝0 + ∑ 𝑝𝑝𝑘𝑘𝐏𝐏{𝜎𝜎 < 𝑥𝑥|𝜂𝜂 = 𝑘𝑘}
∞

𝑘𝑘=1
= 𝑝𝑝0 + ∑ 𝑝𝑝𝑘𝑘𝐿𝐿∗

(𝑘𝑘)(𝑥𝑥)
∞

𝑘𝑘=1
. 

Passing to LST with respect to x in the last relation, we have: 

𝛿𝛿(𝑠𝑠) = ∫ 𝑒𝑒−𝑠𝑠𝑠𝑠dD(𝑥𝑥)
∞

0
= ∑ 𝑝𝑝𝑘𝑘(𝜑𝜑(𝑠𝑠))𝑘𝑘

∞

𝑘𝑘=0
= 𝑃𝑃(𝜑𝜑(𝑠𝑠)) = 

=
(1 − 𝜌𝜌)(1 − 𝜑𝜑(𝑠𝑠))𝛽𝛽(𝑎𝑎 − 𝑎𝑎𝑎𝑎(𝑠𝑠))

𝛽𝛽(𝑎𝑎 − 𝑎𝑎𝑎𝑎(𝑠𝑠)) − 𝜑𝜑(𝑠𝑠) ,                                          (2) 

 

where 𝛿𝛿(𝑠𝑠) and 𝜑𝜑(𝑠𝑠)(𝑠𝑠) denote LSTs of DFs 𝐷𝐷(𝑥𝑥) and 𝐿𝐿(𝑥𝑥), respectively. I.e. we obtain 
in this case that a distribution of steady-state total volume 𝜎𝜎 is completely determined 
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by distribution of number of customers present in the system𝜂𝜂and DF 𝐿𝐿(𝑥𝑥) of 
customer’s volume. 

The main characteristics of models from classes 2 and 4 are the distribution of 
number of customers present in the system at arbitrary time instant or in steady state 
and some loss characteristics (e.g. steady-state loss probability).  

For systems belonging to class 2, we can often use tools of classical queueing 
theory. Indeed, let 𝑞𝑞𝑘𝑘, 𝑘𝑘 = 0, 𝑛𝑛 + 𝑚𝑚, be steady-state probability that k customers present 
in the classical system M/G/n/m, 𝑛𝑛 = 1, 2, ...; 𝑚𝑚 = 0, 1, .... Let M/G/n/(m,V) be a system 
from class 2 that differs from the classical M/G/n/m system in the following details:   
1) each customer is characterized by random volume with DF 𝐿𝐿(𝑥𝑥); 2) the total 
customers’ volume is limited by buffer space capacity 𝑉𝑉 < ∞. Assume that DFs of 
service time for both systems are the same. It was proved (see [14], [15]) that steady-
state probabilities 𝑝𝑝𝑘𝑘 of presence of k customers in the system M/G/n/(m,V) can be 
determined by the following relation: 𝑝𝑝𝑘𝑘 = Cq𝑘𝑘𝐿𝐿∗(𝑘𝑘)(𝑉𝑉), 𝑘𝑘 = 1, 𝑛𝑛 +𝑚𝑚,where C can be 

calculated from the normalization condition: 𝐶𝐶 = [∑ 𝑞𝑞𝑘𝑘𝐿𝐿∗
(𝑘𝑘)(𝑉𝑉)𝑛𝑛+𝑚𝑚

𝑘𝑘=0 ]
−1
. Note that this 

relation takes place also if 𝑚𝑚 = ∞, when steady state exists for the classical system.   
The main characteristic of models from class 3 is the distribution of total volume 

at arbitrary time instant or in steady state. Various models of queueing systems with 
random volume customers can be found in [10], [11], [12], [13].  

3. Simple Examples of Systems with Random Volume Customers 

3.1. System M/M/n/(∞,V) with independent customer’s volume and service 
time. 

For this system, we assume that service time does not depend on customer’s volume 
and has an exponential distribution with parameter 𝜇𝜇 > 0, i.e. 𝐵𝐵(𝑡𝑡) = 1 − 𝑒𝑒−𝜇𝜇𝜇𝜇, 𝑡𝑡 >
0. The system was firstly analyzed in [10]. Let 𝐿𝐿(𝑥𝑥) be DF of customer’s volume. 
Denote by 𝜂𝜂 and 𝜎𝜎 the number of customers present in the system in steady state and 
their total volume, respectively. Let a be parameter of the arrival process. For this 
system were obtained the functions 𝑔𝑔𝑘𝑘(𝑥𝑥) = 𝐏𝐏{𝜂𝜂 = 𝑘𝑘, 𝜎𝜎 < 𝑥𝑥}, 𝑘𝑘 = 1, 2, ..., 𝑥𝑥 ∈
[0;  𝑉𝑉]: 

𝑔𝑔𝑘𝑘(𝑥𝑥) =

{
 

 (𝑛𝑛𝑛𝑛)
𝑘𝑘

𝑘𝑘! 𝑝𝑝0𝐿𝐿∗
(𝑘𝑘)(𝑥𝑥),  if 𝑘𝑘 = 1,  𝑛𝑛,

𝑛𝑛𝑛𝑛𝜌𝜌𝑘𝑘
𝑛𝑛! 𝑝𝑝0𝐿𝐿∗

(𝑘𝑘)(𝑥𝑥),    if 𝑘𝑘 = 𝑛𝑛 + 1,  𝑛𝑛 + 2, . . . ,
 

where 𝑝𝑝0 = 𝐏𝐏{𝜂𝜂 = 0}, 𝜌𝜌 = 𝑎𝑎 (⁄ 𝑛𝑛𝑛𝑛).  
Then, we can easily obtain the following relations for probabilities                       

𝑝𝑝𝑘𝑘 = 𝐏𝐏{𝜂𝜂 = 𝑘𝑘} = 𝑔𝑔𝑘𝑘(𝑉𝑉): 
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𝑝𝑝𝑘𝑘 =

{
 

 (𝑛𝑛𝑛𝑛)
𝑘𝑘

𝑘𝑘! 𝑝𝑝0𝐿𝐿∗(𝑘𝑘)(𝑉𝑉),  if 𝑘𝑘 = 1,  𝑛𝑛,
𝑛𝑛𝑛𝑛𝜌𝜌𝑘𝑘
𝑛𝑛! 𝑝𝑝0𝐿𝐿∗

(𝑘𝑘)(𝑉𝑉),    if 𝑘𝑘 = 𝑛𝑛 + 1,  𝑛𝑛 + 2, . . . ,
 

where 𝑝𝑝0can be determined from the normalization condition as: 

𝑝𝑝0 = [𝐴𝐴𝑛𝑛(𝑉𝑉) +
𝑛𝑛𝑛𝑛
𝑛𝑛! 𝐵𝐵𝑛𝑛(𝑉𝑉)]

−1
, 

where 

𝐴𝐴𝑛𝑛(𝑥𝑥) = ∑
(𝑛𝑛𝑛𝑛)𝑘𝑘
𝑘𝑘! 𝐿𝐿∗

(𝑘𝑘)(𝑥𝑥)𝑛𝑛
𝑘𝑘=0 , 𝐵𝐵𝑛𝑛(𝑥𝑥) = ∑ 𝜌𝜌𝑘𝑘𝐿𝐿∗

(𝑘𝑘)(𝑥𝑥)∞
𝑘𝑘=𝑛𝑛+1 . 

Loss probability 𝑃𝑃loss for this system is determined by the following relation [10]: 

𝑃𝑃loss = 1 − (𝑛𝑛𝑛𝑛)−1 ∑ 𝑘𝑘𝑝𝑝𝑘𝑘𝑛𝑛−1
𝑘𝑘=1 − 𝜌𝜌−1(1 − ∑ 𝑝𝑝𝑘𝑘𝑛𝑛−1

𝑘𝑘=0 ).                    (3) 

Now, we can easily obtain DF 𝐷𝐷𝑉𝑉(𝑥𝑥) of the total volume 𝜎𝜎: 

𝐷𝐷𝑉𝑉(𝑥𝑥) = 𝑝𝑝0 + ∑ 𝑔𝑔𝑘𝑘(𝑥𝑥)∞
𝑘𝑘=1 = 𝑝𝑝0 [𝐴𝐴𝑛𝑛(𝑥𝑥) +

𝑛𝑛𝑛𝑛
𝑛𝑛! 𝐵𝐵𝑛𝑛(𝑥𝑥)] , 𝑥𝑥 ∈ [0;  𝑉𝑉].          (4) 

Let us consider a special case of the system when customer’s volume is distributed 
exponentially: 𝐿𝐿(𝑥𝑥) = 1 − 𝑒𝑒−𝑓𝑓𝑓𝑓, 𝑓𝑓 > 0, 𝑥𝑥 > 0. Then, we have 

𝐴𝐴𝑛𝑛(𝑥𝑥) = ∑
(𝑛𝑛𝑛𝑛)𝑘𝑘
𝑘𝑘! [1 − 𝑒𝑒−𝑓𝑓𝑓𝑓 ∑ (𝑓𝑓𝑓𝑓)𝑖𝑖

𝑖𝑖!
𝑘𝑘−1
𝑖𝑖=0 ]𝑛𝑛

𝑘𝑘=0 , 

 𝐵𝐵𝑛𝑛(𝑥𝑥) = ∑ 𝜌𝜌𝑘𝑘 [1 − 𝑒𝑒−𝑓𝑓𝑓𝑓 ∑ (𝑓𝑓𝑓𝑓)𝑖𝑖
𝑖𝑖!

𝑘𝑘−1
𝑖𝑖=0 ]∞

𝑘𝑘=𝑛𝑛+1 . 

After some transformations, we can present the relation for 𝐵𝐵𝑛𝑛(𝑥𝑥) in the form that 
does not contain infinite sums:  

𝐵𝐵𝑛𝑛(𝑥𝑥) =
𝜌𝜌𝑛𝑛+1
1−𝜌𝜌 [1 − 𝑒𝑒

−𝑓𝑓𝑓𝑓 ∑ (𝑓𝑓𝑓𝑓)𝑖𝑖
𝑖𝑖!

𝑛𝑛
𝑖𝑖=0 ] − 𝜌𝜌

1−𝜌𝜌 [𝑒𝑒
−(1−𝜌𝜌)𝑓𝑓𝑓𝑓 − 𝑒𝑒−𝑓𝑓𝑓𝑓 ∑ (𝜌𝜌𝑓𝑓𝑓𝑓)𝑖𝑖

𝑖𝑖!
𝑛𝑛
𝑖𝑖=0 ]. 

In the case of one-server system (𝑛𝑛 = 1), we obtain (see [13]): 

𝑝𝑝0 = {
1−𝜌𝜌

1−𝜌𝜌𝑒𝑒−(1−𝜌𝜌)𝑓𝑓𝑓𝑓 ,      if 𝜌𝜌 ≠ 1,
(1 + 𝑓𝑓𝑓𝑓)−1,       if 𝜌𝜌 = 1;

                                       (5) 

𝑃𝑃𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 = {
1−𝜌𝜌

𝑒𝑒(1−𝜌𝜌)𝑓𝑓𝑓𝑓−𝜌𝜌 ,       if 𝜌𝜌 ≠ 1,
(1 + 𝑓𝑓𝑓𝑓)−1,    if 𝜌𝜌 = 1;

                                      (6) 

𝐷𝐷𝑉𝑉(𝑥𝑥) = {
1−𝜌𝜌𝑒𝑒−(1−𝜌𝜌)𝑓𝑓𝑓𝑓
1−𝜌𝜌𝑒𝑒−(1−𝜌𝜌)𝑓𝑓𝑓𝑓 ,  if 𝑥𝑥 ∈ [0;  𝑉𝑉],
1,                      if 𝑥𝑥 > 𝑉𝑉,

 for ;1  

𝐷𝐷𝑉𝑉(𝑥𝑥) = {
1+𝑓𝑓𝑓𝑓
1+𝑓𝑓𝑓𝑓 ,   if 𝑥𝑥 ∈ [0;  𝑉𝑉],
1,          if 𝑥𝑥 > 𝑉𝑉

  for 𝜌𝜌 = 1.  
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𝑝𝑝𝑘𝑘 =

{
 

 (𝑛𝑛𝑛𝑛)
𝑘𝑘

𝑘𝑘! 𝑝𝑝0𝐿𝐿∗(𝑘𝑘)(𝑉𝑉),  if 𝑘𝑘 = 1,  𝑛𝑛,
𝑛𝑛𝑛𝑛𝜌𝜌𝑘𝑘
𝑛𝑛! 𝑝𝑝0𝐿𝐿∗

(𝑘𝑘)(𝑉𝑉),    if 𝑘𝑘 = 𝑛𝑛 + 1,  𝑛𝑛 + 2, . . . ,
 

where 𝑝𝑝0can be determined from the normalization condition as: 

𝑝𝑝0 = [𝐴𝐴𝑛𝑛(𝑉𝑉) +
𝑛𝑛𝑛𝑛
𝑛𝑛! 𝐵𝐵𝑛𝑛(𝑉𝑉)]

−1
, 

where 

𝐴𝐴𝑛𝑛(𝑥𝑥) = ∑
(𝑛𝑛𝑛𝑛)𝑘𝑘
𝑘𝑘! 𝐿𝐿∗

(𝑘𝑘)(𝑥𝑥)𝑛𝑛
𝑘𝑘=0 , 𝐵𝐵𝑛𝑛(𝑥𝑥) = ∑ 𝜌𝜌𝑘𝑘𝐿𝐿∗

(𝑘𝑘)(𝑥𝑥)∞
𝑘𝑘=𝑛𝑛+1 . 

Loss probability 𝑃𝑃loss for this system is determined by the following relation [10]: 

𝑃𝑃loss = 1 − (𝑛𝑛𝑛𝑛)−1 ∑ 𝑘𝑘𝑝𝑝𝑘𝑘𝑛𝑛−1
𝑘𝑘=1 − 𝜌𝜌−1(1 − ∑ 𝑝𝑝𝑘𝑘𝑛𝑛−1

𝑘𝑘=0 ).                    (3) 

Now, we can easily obtain DF 𝐷𝐷𝑉𝑉(𝑥𝑥) of the total volume 𝜎𝜎: 

𝐷𝐷𝑉𝑉(𝑥𝑥) = 𝑝𝑝0 + ∑ 𝑔𝑔𝑘𝑘(𝑥𝑥)∞
𝑘𝑘=1 = 𝑝𝑝0 [𝐴𝐴𝑛𝑛(𝑥𝑥) +

𝑛𝑛𝑛𝑛
𝑛𝑛! 𝐵𝐵𝑛𝑛(𝑥𝑥)] , 𝑥𝑥 ∈ [0;  𝑉𝑉].          (4) 

Let us consider a special case of the system when customer’s volume is distributed 
exponentially: 𝐿𝐿(𝑥𝑥) = 1 − 𝑒𝑒−𝑓𝑓𝑓𝑓, 𝑓𝑓 > 0, 𝑥𝑥 > 0. Then, we have 

𝐴𝐴𝑛𝑛(𝑥𝑥) = ∑
(𝑛𝑛𝑛𝑛)𝑘𝑘
𝑘𝑘! [1 − 𝑒𝑒−𝑓𝑓𝑓𝑓 ∑ (𝑓𝑓𝑓𝑓)𝑖𝑖

𝑖𝑖!
𝑘𝑘−1
𝑖𝑖=0 ]𝑛𝑛

𝑘𝑘=0 , 

 𝐵𝐵𝑛𝑛(𝑥𝑥) = ∑ 𝜌𝜌𝑘𝑘 [1 − 𝑒𝑒−𝑓𝑓𝑓𝑓 ∑ (𝑓𝑓𝑓𝑓)𝑖𝑖
𝑖𝑖!

𝑘𝑘−1
𝑖𝑖=0 ]∞

𝑘𝑘=𝑛𝑛+1 . 

After some transformations, we can present the relation for 𝐵𝐵𝑛𝑛(𝑥𝑥) in the form that 
does not contain infinite sums:  

𝐵𝐵𝑛𝑛(𝑥𝑥) =
𝜌𝜌𝑛𝑛+1
1−𝜌𝜌 [1 − 𝑒𝑒

−𝑓𝑓𝑓𝑓 ∑ (𝑓𝑓𝑓𝑓)𝑖𝑖
𝑖𝑖!

𝑛𝑛
𝑖𝑖=0 ] − 𝜌𝜌

1−𝜌𝜌 [𝑒𝑒
−(1−𝜌𝜌)𝑓𝑓𝑓𝑓 − 𝑒𝑒−𝑓𝑓𝑓𝑓 ∑ (𝜌𝜌𝑓𝑓𝑓𝑓)𝑖𝑖

𝑖𝑖!
𝑛𝑛
𝑖𝑖=0 ]. 

In the case of one-server system (𝑛𝑛 = 1), we obtain (see [13]): 

𝑝𝑝0 = {
1−𝜌𝜌

1−𝜌𝜌𝑒𝑒−(1−𝜌𝜌)𝑓𝑓𝑓𝑓 ,      if 𝜌𝜌 ≠ 1,
(1 + 𝑓𝑓𝑓𝑓)−1,       if 𝜌𝜌 = 1;

                                       (5) 

𝑃𝑃𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 = {
1−𝜌𝜌

𝑒𝑒(1−𝜌𝜌)𝑓𝑓𝑓𝑓−𝜌𝜌 ,       if 𝜌𝜌 ≠ 1,
(1 + 𝑓𝑓𝑓𝑓)−1,    if 𝜌𝜌 = 1;

                                      (6) 

𝐷𝐷𝑉𝑉(𝑥𝑥) = {
1−𝜌𝜌𝑒𝑒−(1−𝜌𝜌)𝑓𝑓𝑓𝑓
1−𝜌𝜌𝑒𝑒−(1−𝜌𝜌)𝑓𝑓𝑓𝑓 ,  if 𝑥𝑥 ∈ [0;  𝑉𝑉],
1,                      if 𝑥𝑥 > 𝑉𝑉,

 for ;1  

𝐷𝐷𝑉𝑉(𝑥𝑥) = {
1+𝑓𝑓𝑓𝑓
1+𝑓𝑓𝑓𝑓 ,   if 𝑥𝑥 ∈ [0;  𝑉𝑉],
1,          if 𝑥𝑥 > 𝑉𝑉

  for 𝜌𝜌 = 1.  
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3.2. System M/G/1/∞ with unlimited buffer space and service time generally 
dependent on customer’s volume 

Denote by 𝐹𝐹(𝑥𝑥, 𝑡𝑡) a joint DF of customer’s volume 𝜁𝜁 and his service time 𝜉𝜉 . Let 
𝛼𝛼(𝑠𝑠, 𝑞𝑞) = ∫ ∫ 𝑒𝑒−𝑠𝑠𝑠𝑠−𝑞𝑞𝑞𝑞𝑑𝑑𝑑𝑑(𝑥𝑥, 𝑡𝑡)∞

0
∞

0  be double LST of DF 𝐹𝐹(𝑥𝑥, 𝑡𝑡). Then, 𝜑𝜑(𝑠𝑠) =
𝛼𝛼(𝑠𝑠, 0) = ∫ 𝑒𝑒−𝑠𝑠𝑠𝑠𝑑𝑑𝑑𝑑(𝑥𝑥)∞

0  and 𝛽𝛽(𝑞𝑞) = 𝛼𝛼(0, 𝑞𝑞) = ∫ 𝑒𝑒−𝑞𝑞𝑞𝑞𝑑𝑑𝑑𝑑(𝑡𝑡)∞
0  are LSTs of DFs 

𝐿𝐿(𝑥𝑥) and 𝐵𝐵(𝑡𝑡), respectively. Let 𝛽𝛽1 = 𝐄𝐄𝜉𝜉 be the mean value of service time. Assume 
that 𝜌𝜌 = 𝑎𝑎𝑎𝑎1 < 1, where a is parameter of arrival process. Then, for the system under 
consideration, finite steady-state characteristics exist. E.g. we have 𝜎𝜎(𝑡𝑡) ⇒ 𝜎𝜎 and 
𝜂𝜂(𝑡𝑡) ⇒ 𝜂𝜂 in the sense of a weak convergence, where 𝜎𝜎 and 𝜂𝜂 are the steady-state total 
customers’ volume and number of customers in the system, respectively. Let 𝐷𝐷(𝑥𝑥)be 
DF of RV𝜎𝜎. Denote by𝛿𝛿(𝑠𝑠)its LST. Then, we obtain [10], [11], [12], [13]: 

𝛿𝛿(𝑠𝑠) = ∫ 𝑒𝑒−𝑠𝑠𝑠𝑠𝑑𝑑𝑑𝑑(𝑥𝑥) =
∞

0

(1 − 𝜌𝜌)[𝛽𝛽(𝑎𝑎 − 𝑎𝑎𝜑𝜑(𝑠𝑠)) − 𝛼𝛼(𝑠𝑠, 𝑎𝑎 − 𝑎𝑎𝜑𝜑(𝑠𝑠))]
𝛽𝛽(𝑎𝑎 − 𝑎𝑎𝜑𝜑(𝑠𝑠)) − 𝜑𝜑(𝑠𝑠) .       (7) 

Note that, in the case of independent RVs 𝜁𝜁 and 𝜉𝜉 (𝐹𝐹(𝑥𝑥, 𝑡𝑡) = 𝐿𝐿(𝑥𝑥)𝐵𝐵(𝑡𝑡), 𝛼𝛼(𝑠𝑠, 𝑞𝑞) =     
= 𝜑𝜑(𝑠𝑠)𝛽𝛽(𝑞𝑞)), relation (2) follows from (7).    

Using relation (7), we can calculate moments of RV𝜎𝜎 (if they exist). For the first 
and second ones, we have [12], [13]: 

𝛿𝛿1 = 𝐸𝐸𝐸𝐸 = −𝛿𝛿′(0) = 𝑎𝑎𝑎𝑎1 1 + 𝑎𝑎2𝛽𝛽2𝜑𝜑1
2(1 − 𝜌𝜌), 

𝛿𝛿2 = 𝐄𝐄𝜎𝜎2 = 𝛿𝛿″(0) = 

= 𝑎𝑎(𝛼𝛼21 + 𝑎𝑎𝜑𝜑1𝛼𝛼12) + 𝑎𝑎3𝛽𝛽2𝜑𝜑1𝛼𝛼11
1 − 𝜌𝜌 + 𝑎𝑎2𝛽𝛽2𝜑𝜑2

2(1 − 𝜌𝜌) + 𝑎𝑎3𝛽𝛽3𝜑𝜑1
2

3(1 − 𝜌𝜌) + 𝑎𝑎4𝛽𝛽2
2𝜑𝜑1

2

2(1 − 𝜌𝜌)2, 
where 𝜑𝜑𝑖𝑖, 𝛽𝛽𝑖𝑖 are the ith moments of RVs 𝜁𝜁 and 𝜉𝜉 ,respectively, 𝑖𝑖 = 1, 2, ..., 𝛼𝛼𝑖𝑖𝑖𝑖 is the 
mixed (𝑖𝑖 + 𝑗𝑗)th moment of the random vector (𝜁𝜁 , 𝜉𝜉), 𝑖𝑖, 𝑗𝑗 = 1, 2, .... 

Assume e.g. that customer’s volume 𝜁𝜁 has an exponential distribution with 
parameter f, and service time of the customer is proportional to his volume                 
(𝜉𝜉 = 𝑐𝑐𝑐𝑐 , 𝑐𝑐 > 0). In this case, we can determine an explicit form of DF 𝐷𝐷(𝑥𝑥)[13]: 

𝐷𝐷(𝑥𝑥) = 1 + 𝜌𝜌2𝑒𝑒−(1−𝜌𝜌)𝑓𝑓𝑓𝑓

1−2𝜌𝜌 − 𝜌𝜌(1−𝜌𝜌)
√𝜌𝜌(4+𝜌𝜌) ( 1−𝑏𝑏1

1−𝑏𝑏1−𝜌𝜌 𝑒𝑒−𝑏𝑏1𝑓𝑓𝑓𝑓 − 1−𝑏𝑏2
1−𝑏𝑏2−𝜌𝜌 𝑒𝑒−𝑏𝑏2𝑓𝑓𝑓𝑓) , if 𝜌𝜌 ≠ 1/2,(8) 

𝐷𝐷(𝑥𝑥) = 1 + 1
9 𝑒𝑒−2𝑓𝑓𝑓𝑓 − 1

3 (11
6 + 𝑓𝑓𝑓𝑓

4 ) 𝑒𝑒−𝑓𝑓𝑓𝑓 2⁄ , if 𝜌𝜌 = 1/2, 

where 𝜌𝜌 = 𝑎𝑎𝑎𝑎 𝑓𝑓,⁄  

𝑏𝑏1 = 2+𝜌𝜌−√𝜌𝜌(4+𝜌𝜌)
2 , 𝑏𝑏2 = 2+𝜌𝜌+√𝜌𝜌(4+𝜌𝜌)

2 .                              (9) 

Note that, in the case of independent RVs 𝜁𝜁 and 𝜉𝜉 when they have exponential 
distributions with DFs 𝐿𝐿(𝑥𝑥) = 1 − 𝑒𝑒−𝑓𝑓𝑓𝑓 and 𝐵𝐵(𝑡𝑡) = 1 − 𝑒𝑒−𝜇𝜇𝜇𝜇, respectively, we have: 

𝐷𝐷(𝑥𝑥) = 1 − 𝜌𝜌𝜌𝜌−(1−𝜌𝜌)𝑓𝑓𝑓𝑓,                                         (10) 

where 𝜌𝜌 = 𝑎𝑎 𝜇𝜇⁄ . 
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Note that, in the case of exponential distribution of RV 𝜁𝜁 and the same dependence 
between 𝜁𝜁 and 𝜉𝜉 (𝜉𝜉 = 𝑐𝑐𝑐𝑐), we can also determine an explicit form of D(x) for the 
system M/M/n/m with unlimited buffer space, 𝑛𝑛 = 1, 2, ..., 𝑚𝑚 = 0, 1, ...[16]. E.g. for 
𝑛𝑛 = 2, 𝑚𝑚 = ∞, 𝜌𝜌 = 𝑎𝑎𝑎𝑎 (2𝑓𝑓)⁄ < 1, we obtain: 

𝐷𝐷(𝑥𝑥) = 1 + 2𝜌𝜌𝜌𝜌−(1−𝜌𝜌)𝑓𝑓𝑓𝑓

(1 − 𝜌𝜌)(1 − 2𝜌𝜌) − 2𝜌𝜌2𝑝𝑝0

√𝜌𝜌(4 + 𝜌𝜌)
× 

[ 1 − 𝑏𝑏1
(1 − 𝑏𝑏1)(1 − 𝑏𝑏1 − 𝜌𝜌) 𝑒𝑒−𝑏𝑏1𝑓𝑓𝑓𝑓 − 1 − 𝑏𝑏2

(1 − 𝑏𝑏2)(1 − 𝑏𝑏2 − 𝜌𝜌) 𝑒𝑒−𝑏𝑏2𝑓𝑓𝑓𝑓], 

if 𝜌𝜌 ≠ 1 2⁄ , and 

𝐷𝐷(𝑥𝑥) = 1 − 2
27 [(3𝑓𝑓𝑓𝑓 + 10)𝑒𝑒−𝑓𝑓𝑓𝑓 2⁄ − 𝑒𝑒−2𝑓𝑓𝑓𝑓], if 𝜌𝜌 = 1 2⁄ , 

where 𝑝𝑝0 = (1 − 𝜌𝜌 ) (⁄ 1 + 𝜌𝜌) and 𝑏𝑏1, 𝑏𝑏2 are calculated by relations (9). 

4. Loss Characteristics of Systems with Random Volume Customers 
In classical queueing theory, a unique loss characteristic is 𝑃𝑃loss, i.e. the relative part 
of number of customers that were lost in steady state during infinite time interval. In 
terms of our theory, each customer in a classical system has the volume equals 1. 

Let 𝐷𝐷𝑉𝑉(𝑥𝑥) be steady-state DF of the total customers’ volume in a queueing system 
with limited (by V) buffer space (𝐷𝐷𝑉𝑉(𝑥𝑥) = 1, if 𝑥𝑥 > 𝑉𝑉). 

Generally, 𝑃𝑃loss can be obtained from the stability conditions, i.e. from the fact 
that (in steady state) the mean number of customers accepted to the system during 
some time interval must be equal to the mean number of customers completing their 
service during the same interval. E.g. by this way, relation (3) were obtained. For the 
system with Poisson arrival process, in which only buffer space is limited and there 
are no other limitations, we can determine 𝑃𝑃loss by the following relation [13], [17]: 

𝑃𝑃loss = 1 − ∫ 𝐷𝐷𝑉𝑉(𝑉𝑉 − 𝑥𝑥) 𝑑𝑑𝑑𝑑(𝑥𝑥)𝑉𝑉
0 ,                                       (11) 

where 𝐿𝐿(𝑥𝑥) is DF of RV 𝜁𝜁. It is clear that 𝑃𝑃loss is also a performance characteristic of 
systems with random volume customers. But it cannot take into account the fact of 
difference between loss probabilities for customers of different volumes. 

Other (may be more objective) loss characteristic is probability 𝑄𝑄loss of volume 
unit losing [13], [17], i.e. the relative part of total volume of customers that were lost 
during infinite time interval. For the system with Poisson arrival process and without 
other limitations except of buffer space one, this probability can be calculated by the 
following relation: 

𝑄𝑄loss = 1 − 1
𝜑𝜑1

∫ 𝑥𝑥𝐷𝐷𝑉𝑉(𝑉𝑉 − 𝑥𝑥)𝑑𝑑𝑑𝑑(𝑥𝑥)𝑉𝑉
0 ,                                 (12) 

where 𝜑𝜑1 = 𝐄𝐄𝜁𝜁 = ∫ 𝑥𝑥𝑥𝑥𝑥𝑥(𝑥𝑥)∞
0  is the mean customer’s volume. E.g., for system 

M/M/1/(∞,V) with independent customer’s volume and service time, we obtain from 
relation (4): 



29

JIOS, VOL. 45. NO. 1 (2021), PP. 21-38

TIKHONENKO AND ZIÓŁKOWSKI QUEUEING SYSTEMS WITH RANDOM VOLUME… 

  

Note that, in the case of exponential distribution of RV 𝜁𝜁 and the same dependence 
between 𝜁𝜁 and 𝜉𝜉 (𝜉𝜉 = 𝑐𝑐𝑐𝑐), we can also determine an explicit form of D(x) for the 
system M/M/n/m with unlimited buffer space, 𝑛𝑛 = 1, 2, ..., 𝑚𝑚 = 0, 1, ...[16]. E.g. for 
𝑛𝑛 = 2, 𝑚𝑚 = ∞, 𝜌𝜌 = 𝑎𝑎𝑎𝑎 (2𝑓𝑓)⁄ < 1, we obtain: 

𝐷𝐷(𝑥𝑥) = 1 + 2𝜌𝜌𝜌𝜌−(1−𝜌𝜌)𝑓𝑓𝑓𝑓

(1 − 𝜌𝜌)(1 − 2𝜌𝜌) − 2𝜌𝜌2𝑝𝑝0

√𝜌𝜌(4 + 𝜌𝜌)
× 

[ 1 − 𝑏𝑏1
(1 − 𝑏𝑏1)(1 − 𝑏𝑏1 − 𝜌𝜌) 𝑒𝑒−𝑏𝑏1𝑓𝑓𝑓𝑓 − 1 − 𝑏𝑏2

(1 − 𝑏𝑏2)(1 − 𝑏𝑏2 − 𝜌𝜌) 𝑒𝑒−𝑏𝑏2𝑓𝑓𝑓𝑓], 

if 𝜌𝜌 ≠ 1 2⁄ , and 

𝐷𝐷(𝑥𝑥) = 1 − 2
27 [(3𝑓𝑓𝑓𝑓 + 10)𝑒𝑒−𝑓𝑓𝑓𝑓 2⁄ − 𝑒𝑒−2𝑓𝑓𝑓𝑓], if 𝜌𝜌 = 1 2⁄ , 

where 𝑝𝑝0 = (1 − 𝜌𝜌 ) (⁄ 1 + 𝜌𝜌) and 𝑏𝑏1, 𝑏𝑏2 are calculated by relations (9). 

4. Loss Characteristics of Systems with Random Volume Customers 
In classical queueing theory, a unique loss characteristic is 𝑃𝑃loss, i.e. the relative part 
of number of customers that were lost in steady state during infinite time interval. In 
terms of our theory, each customer in a classical system has the volume equals 1. 

Let 𝐷𝐷𝑉𝑉(𝑥𝑥) be steady-state DF of the total customers’ volume in a queueing system 
with limited (by V) buffer space (𝐷𝐷𝑉𝑉(𝑥𝑥) = 1, if 𝑥𝑥 > 𝑉𝑉). 

Generally, 𝑃𝑃loss can be obtained from the stability conditions, i.e. from the fact 
that (in steady state) the mean number of customers accepted to the system during 
some time interval must be equal to the mean number of customers completing their 
service during the same interval. E.g. by this way, relation (3) were obtained. For the 
system with Poisson arrival process, in which only buffer space is limited and there 
are no other limitations, we can determine 𝑃𝑃loss by the following relation [13], [17]: 

𝑃𝑃loss = 1 − ∫ 𝐷𝐷𝑉𝑉(𝑉𝑉 − 𝑥𝑥) 𝑑𝑑𝑑𝑑(𝑥𝑥)𝑉𝑉
0 ,                                       (11) 

where 𝐿𝐿(𝑥𝑥) is DF of RV 𝜁𝜁. It is clear that 𝑃𝑃loss is also a performance characteristic of 
systems with random volume customers. But it cannot take into account the fact of 
difference between loss probabilities for customers of different volumes. 

Other (may be more objective) loss characteristic is probability 𝑄𝑄loss of volume 
unit losing [13], [17], i.e. the relative part of total volume of customers that were lost 
during infinite time interval. For the system with Poisson arrival process and without 
other limitations except of buffer space one, this probability can be calculated by the 
following relation: 

𝑄𝑄loss = 1 − 1
𝜑𝜑1

∫ 𝑥𝑥𝐷𝐷𝑉𝑉(𝑉𝑉 − 𝑥𝑥)𝑑𝑑𝑑𝑑(𝑥𝑥)𝑉𝑉
0 ,                                 (12) 

where 𝜑𝜑1 = 𝐄𝐄𝜁𝜁 = ∫ 𝑥𝑥𝑥𝑥𝑥𝑥(𝑥𝑥)∞
0  is the mean customer’s volume. E.g., for system 

M/M/1/(∞,V) with independent customer’s volume and service time, we obtain from 
relation (4): 
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𝑄𝑄loss = 𝑝𝑝0 ∫ 𝑥𝑥 [𝐴𝐴𝑛𝑛(𝑉𝑉 − 𝑥𝑥) + 𝑛𝑛𝑛𝑛
𝑛𝑛! 𝐵𝐵𝑛𝑛(𝑉𝑉 − 𝑥𝑥)]

𝑉𝑉

0
𝑑𝑑𝑑𝑑(𝑥𝑥). 

It is clear that, for fixed n, we can easily calculate 𝑄𝑄loss in the case of exponentially 
distributed service time (see Section 3). 

Generally, 𝑄𝑄loss can be also obtained from the stability conditions, i.e. from the 
fact that (in steady state) the mean total volume of customers accepted to the system 
during some time interval must be equal to the mean total volume of customers 
completing their service during the same interval. However, in this case, appropriate 
calculations are significantly more complicated than in the case of 𝑃𝑃loss ones. 

Denote by 𝐄𝐄(𝜁𝜁|𝐴𝐴) a conditional mean of RV 𝜁𝜁 under condition that an event A  
(𝐏𝐏{𝐴𝐴} > 0) takes place (see e.g. [18, p. 70]). 

Using theory of regenerative processes [5], [19], we can prove the following 
statement. 

Theorem. Assume that, for a system under consideration, stochastic processes 
𝜎𝜎(𝑡𝑡) and 𝜂𝜂(𝑡𝑡) are regenerative with finite mean value of regeneration cycle. Let A be 
a random event that means a loss of arriving customer. Then, characteristics 𝑄𝑄loss 
and 𝑃𝑃loss are connected by the relation 𝑄𝑄loss =

𝐄𝐄(𝜁𝜁|𝐴𝐴)
𝜑𝜑1

𝑃𝑃loss, where 𝐄𝐄(𝜁𝜁|𝐴𝐴) is a 
conditional mean customer’s volume under condition A (i.e. 𝐄𝐄(𝜁𝜁|𝐴𝐴) is a mean volume 
of losing customers). 

  Proof. Let 𝑛𝑛𝑗𝑗 be the number of arriving customers during  jth regeneration 
cycle, 𝑛𝑛𝑗𝑗∗ be the number of losing customers during this cycle, 𝑗𝑗 = 1, 2, ..., 𝑁𝑁, 𝜈𝜈𝑖𝑖𝑖𝑖∗  be 
the volume of ith losing customer within this cycle, 𝑖𝑖 = 1,2, . . . , 𝑛𝑛𝑗𝑗∗, 𝑉𝑉𝑗𝑗∗  be the total 

losing volume within this cycle: 𝑉𝑉𝑗𝑗∗ = ∑ 𝜈𝜈𝑖𝑖𝑖𝑖∗
𝑛𝑛𝑗𝑗∗
𝑖𝑖=1 . 

As it follows from the theory of regenerative processes [19], we have 
𝑁𝑁−1 ∑ 𝑉𝑉𝑗𝑗∗𝑁𝑁

𝑗𝑗=1
𝑎𝑎.𝑠𝑠.

→     𝐄𝐄𝜒𝜒∗ when 𝑁𝑁 → ∞, where RV 𝜒𝜒∗ is the total volume of losing 

customers within arbitrary regeneration cycle, 𝑁𝑁−1 ∑ 𝑛𝑛𝑗𝑗∗𝑁𝑁
𝑗𝑗=1

𝑎𝑎.𝑠𝑠.
→     𝐄𝐄𝜈𝜈∗, where RV 𝜈𝜈∗ 

means the number of losing customers during a regeneration cycle. It is clear that 
𝜒𝜒∗ = 𝐄𝐄𝜈𝜈∗𝐄𝐄(𝜁𝜁|𝐴𝐴). By similar way, we obtain that 𝑁𝑁−1 ∑ 𝑛𝑛𝑗𝑗𝑁𝑁

𝑗𝑗=1
𝑎𝑎.𝑠𝑠.

→     𝐄𝐄𝜈𝜈, where RV 𝜈𝜈 
means the number of arriving customers on arbitrary regeneration cycle. Then,        
𝐄𝐄𝜁𝜁𝐄𝐄𝜈𝜈 is the mean total volume of arriving customers on arbitrary cycle and we obtain: 

𝑁𝑁−1 ∑ 𝑉𝑉𝑗𝑗∗𝑁𝑁
𝑗𝑗=1

𝐄𝐄𝜁𝜁𝐄𝐄𝜈𝜈
𝑎𝑎.𝑠𝑠.

→     𝑄𝑄loss =
𝐄𝐄(𝜁𝜁|𝐴𝐴)
𝐄𝐄𝜁𝜁 ⋅ 𝐄𝐄𝜈𝜈

∗

𝐄𝐄𝜈𝜈 = 𝐄𝐄(𝜁𝜁|𝐴𝐴)
𝐄𝐄𝜁𝜁 𝑃𝑃loss.   

Hence, 𝑄𝑄loss ≥ 𝑃𝑃loss, if 𝐄𝐄(𝜁𝜁|𝐴𝐴) ≥ 𝐄𝐄𝜁𝜁 = 𝜑𝜑1, i.e. the mean volume of losing 
customers is equal or greater than the mean volume of arbitrary ones. It is clear that 
𝑄𝑄loss = 𝑃𝑃loss, if the loss of a customer does not depend on his volume. 

It was proved [20] that the relation 𝑃𝑃loss = 1 − (1 − 𝑝𝑝0 ) 𝜌𝜌⁄  holds for one-server 
systems when service time does not depend on customer’s volume, and the relation 
𝑄𝑄loss=1 − (1 − 𝑝𝑝0 ) 𝜌𝜌⁄  holds when service time is proportional to customer’s volume. 
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We can obtain loss characteristics in explicit form for some queueing systems 
with random volume customers. E.g. from relation (11), we can calculate probability 
𝑃𝑃loss (see relation (6)) for system M/M/1/(∞,V) with independent RVs 𝜁𝜁 and 𝜉𝜉, when 
RV 𝜁𝜁 is distributed exponentially. The same formula takes place for processor sharing 
system with exponential customer’s length1 distribution (with parameter 𝜇𝜇) and 
independent exponentially distributed customer’s volume (with parameter f). For both 
these systems, we can obtain the following relation for 𝑄𝑄loss (using relation (12)) [17]: 

𝑄𝑄loss =
𝑝𝑝0𝑒𝑒−𝑓𝑓𝑓𝑓

𝜌𝜌 [(1 + 𝜌𝜌)𝑒𝑒𝜌𝜌𝜌𝜌𝜌𝜌 − 1],                                   (13) 

where 𝑝𝑝0 is determined by relation (5), 𝜌𝜌 = 𝑎𝑎 𝜇𝜇⁄ . 
If, in processor sharing system, customer’s volume has an exponential distribution 

with parameter f and customer’s length is proportional to his volume (𝜉𝜉 = 𝑐𝑐𝑐𝑐 , 𝑐𝑐 > 0), 
we obtain [17]: 

𝑃𝑃loss = 𝑝𝑝0𝑒𝑒−𝑓𝑓𝑓𝑓cosh(√𝜌𝜌𝑓𝑓𝑓𝑓),                                (14) 

𝑄𝑄loss =
𝑝𝑝0𝑒𝑒−𝑓𝑓𝑓𝑓

√𝜌𝜌 [sinh(√𝜌𝜌𝑓𝑓𝑓𝑓) + √𝜌𝜌cosh(√𝜌𝜌𝑓𝑓𝑓𝑓)],                       (15) 

where 𝜌𝜌 = 𝑎𝑎𝑎𝑎 𝑓𝑓⁄  and 

𝑝𝑝0 =

{ 
 
  

1 − 𝜌𝜌
1 − √𝜌𝜌𝑒𝑒−𝑓𝑓𝑓𝑓[sinh(√𝜌𝜌𝑓𝑓𝑓𝑓) + √𝜌𝜌cosh(√𝜌𝜌𝑓𝑓𝑓𝑓)]

, if 𝜌𝜌 ≠ 1,

4
3 + 2𝑓𝑓𝑓𝑓 + 𝑒𝑒−2𝑓𝑓𝑓𝑓 ,                       if 𝜌𝜌 = 1.

 

 
For systems with 𝑉𝑉 < ∞ and dependent RVs 𝜁𝜁 and 𝜉𝜉 , we, as a rule, cannot exactly 

determine loss characteristics. An exception are some models without waiting places, 
e.g. M/G/n/(0, V) or processor sharing systems  [22], [23]. But, in this case, we often 
can estimate these characteristics with the help of models with unlimited buffer space. 

Let QS be the system with Poisson arrival process and without any limitations 
(there are no losses in it). Let QS𝑉𝑉 be the system, which differs from QS in limitation 
(by V, 𝑉𝑉 < ∞) of buffer space capacity, only. Assume that steady state exists for both 
systems. Denote by 𝐷𝐷(𝑥𝑥) and 𝐷𝐷𝑉𝑉(𝑥𝑥) DFs of the steady-state total volume in systems 
QS and QS𝑉𝑉, respectively.  

It can be proved (see e.g. [17]) that inequality 𝐷𝐷(𝑥𝑥) ≤ 𝐷𝐷𝑉𝑉(𝑥𝑥) holds for all real x. 
Then, we obtain the following inequalities: 

𝑃𝑃loss = 1 − ∫ 𝐷𝐷𝑉𝑉(𝑉𝑉 − 𝑥𝑥)𝑑𝑑𝑑𝑑(𝑥𝑥)
𝑉𝑉
0 ≤ 1 − ∫ 𝐷𝐷(𝑉𝑉 − 𝑥𝑥)𝑑𝑑𝑑𝑑(𝑥𝑥)𝑉𝑉

0 = 𝑃𝑃loss∗ , 
𝑄𝑄loss = 1 −

1
𝜑𝜑1
∫ 𝑥𝑥𝐷𝐷𝑉𝑉(𝑉𝑉 − 𝑥𝑥)𝑑𝑑𝑑𝑑(𝑥𝑥)
𝑉𝑉
0 ≤ 1 − 1

𝜑𝜑1
∫ 𝑥𝑥𝑥𝑥(𝑉𝑉 − 𝑥𝑥)𝑑𝑑𝑑𝑑(𝑥𝑥)𝑉𝑉
0 = 𝑄𝑄loss∗ . 

 

1 In a processor sharing system, service time of the customer, under condition that there are no other 
customers in the system during his service, is called customer’s length (see e.g. [20]). 
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We can obtain loss characteristics in explicit form for some queueing systems 
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RV 𝜁𝜁 is distributed exponentially. The same formula takes place for processor sharing 
system with exponential customer’s length1 distribution (with parameter 𝜇𝜇) and 
independent exponentially distributed customer’s volume (with parameter f). For both 
these systems, we can obtain the following relation for 𝑄𝑄loss (using relation (12)) [17]: 
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where 𝑝𝑝0 is determined by relation (5), 𝜌𝜌 = 𝑎𝑎 𝜇𝜇⁄ . 
If, in processor sharing system, customer’s volume has an exponential distribution 

with parameter f and customer’s length is proportional to his volume (𝜉𝜉 = 𝑐𝑐𝑐𝑐 , 𝑐𝑐 > 0), 
we obtain [17]: 
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For systems with 𝑉𝑉 < ∞ and dependent RVs 𝜁𝜁 and 𝜉𝜉 , we, as a rule, cannot exactly 

determine loss characteristics. An exception are some models without waiting places, 
e.g. M/G/n/(0, V) or processor sharing systems  [22], [23]. But, in this case, we often 
can estimate these characteristics with the help of models with unlimited buffer space. 

Let QS be the system with Poisson arrival process and without any limitations 
(there are no losses in it). Let QS𝑉𝑉 be the system, which differs from QS in limitation 
(by V, 𝑉𝑉 < ∞) of buffer space capacity, only. Assume that steady state exists for both 
systems. Denote by 𝐷𝐷(𝑥𝑥) and 𝐷𝐷𝑉𝑉(𝑥𝑥) DFs of the steady-state total volume in systems 
QS and QS𝑉𝑉, respectively.  

It can be proved (see e.g. [17]) that inequality 𝐷𝐷(𝑥𝑥) ≤ 𝐷𝐷𝑉𝑉(𝑥𝑥) holds for all real x. 
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1 In a processor sharing system, service time of the customer, under condition that there are no other 
customers in the system during his service, is called customer’s length (see e.g. [20]). 
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As it follows from these inequalities, the values 𝑃𝑃loss
∗  and 𝑄𝑄loss

∗  can be interpreted 
as upper boundaries for 𝑃𝑃loss and 𝑄𝑄loss, respectively, when DF 𝐷𝐷(𝑥𝑥) is known. 

Unfortunately, calculation of these characteristics is often very complicated, 
because we have function 𝐷𝐷(𝑥𝑥) very rarely in explicit form. For this function 
approximation, we often can use incomplete Gamma function 𝛾𝛾(𝑝𝑝, 𝑏𝑏𝑏𝑏) and Gamma 
function 𝛤𝛤(𝑝𝑝) = 𝛾𝛾(𝑝𝑝, ∞). E.g. in both inequalities, we sometimes can approximate 
𝐷𝐷(𝑥𝑥) by the function [13]: 

𝐷𝐷∗(𝑥𝑥) = 𝑝𝑝0 + (1 − 𝑝𝑝0) 𝛾𝛾(𝑝𝑝, 𝑏𝑏𝑏𝑏)
𝛤𝛤(𝑝𝑝) . 

The values of parameters p and b we choose so that the first and second moments 
of the approximate distribution are equal to the first (𝛿𝛿1) and second (𝛿𝛿2) moments 
of DF 𝐷𝐷(𝑥𝑥). Then, we have: 

𝑝𝑝 = 𝛿𝛿1
2

(1 − 𝑝𝑝0)𝛿𝛿2 − 𝛿𝛿1
2 , 𝑏𝑏 = (1 − 𝑝𝑝0)𝛿𝛿1

(1 − 𝑝𝑝0)𝛿𝛿2 − 𝛿𝛿1
2 . 

E.g., if RV 𝜁𝜁 is absolute continuous, we obtain for 𝑄𝑄loss
∗  the following 

approximate relation [24]: 

𝑄𝑄loss
∗ ≈ 1 − 1

𝜑𝜑1
∫ 𝑥𝑥 [𝑝𝑝0 + (1 − 𝑝𝑝0) 𝛾𝛾(𝑝𝑝, 𝑏𝑏(𝑉𝑉 − 𝑥𝑥))

𝛤𝛤(𝑝𝑝) ]
𝑉𝑉

0
𝑙𝑙(𝑥𝑥)𝑑𝑑𝑑𝑑, 

where 𝑙𝑙(𝑥𝑥) is density of RV 𝜁𝜁 . To calculate 𝑃𝑃loss
∗  and 𝑄𝑄loss

∗ , we can use methods of 
numerical integration (see e.g. [25]).  

5. Analog of Little’s Formula 
Little’s formula 𝐄𝐄𝜂𝜂 = 𝜆𝜆𝐄𝐄𝑣𝑣, where 𝜂𝜂 is number of customers present in the system in 
steady state, 𝜆𝜆 is intensity of (stationary) arrival process, v is sojourn time of a 
customer in the system, is one of the most significant results of classical queueing 
theory. It holds for arbitrary steady-state system without losing of customers. 

Consider an arbitrary queueing system with random volume customers. Assume 
that RV 𝜁𝜁 means customer’s volume and 𝜉𝜉 his service time. Denote by 𝛼𝛼11 = 𝐄𝐄(ζξ) 
the mixed moment of (1+1)th order of RVs 𝜁𝜁 and 𝜉𝜉 . Assume that arrival process is 
stationary with intensity 𝜆𝜆. Let w be queueing time of a customer, hence,                       
𝑣𝑣 = 𝑤𝑤 + 𝜉𝜉 ,where RVs w and 𝜉𝜉 are independent. Let 𝜎𝜎 be the total volume of 
customers present in the system in steady state. It was proved (see [26], [27]) that the 
following relation named an analog of Little’s formula holds: 

𝐄𝐄𝜎𝜎 = 𝜆𝜆(𝐄𝐄𝑤𝑤 ⋅ 𝐄𝐄𝜁𝜁 + 𝐄𝐄(𝜁𝜁 𝜉𝜉)).                                         (16) 

Consider, as an example, two steady-state systems of M/M/1/∞ type: QS1 and QS2. 
Let a be parameter (intensity) of arrival process in both systems. Assume that 
customer’s volume is distributed exponentially with parameter f in each of them, i.e. 
𝐿𝐿(𝑥𝑥) = 𝐏𝐏{𝜁𝜁 < 𝑥𝑥} = 1 − 𝑒𝑒−𝑓𝑓𝑓𝑓. Assume that customer’s volume and service time are 
independent in QS1. Denote by 𝜇𝜇 parameter of service time in it, i.e. 𝐵𝐵1(𝑡𝑡) = 1 −
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𝑒𝑒−𝜇𝜇𝜇𝜇. Assume that, in QS2, service time is proportional to customer’s volume:            
𝜉𝜉 = 𝑐𝑐𝑐𝑐 , 𝑐𝑐 > 0. Then, we have for this system: 

𝐵𝐵2(𝑡𝑡) = 𝐏𝐏{𝜉𝜉 < 𝑡𝑡} = 𝐏𝐏{𝑐𝑐𝑐𝑐 < 𝑡𝑡} = 𝐏𝐏{𝜁𝜁 < 𝑡𝑡 𝑐𝑐⁄ } = 1 − 𝑒𝑒−𝑓𝑓𝑓𝑓 𝑐𝑐⁄ . 
Assume that equality 𝜇𝜇 = 𝑓𝑓 𝑐𝑐⁄  holds. Then, we obtain 𝐵𝐵1(𝑡𝑡) = 𝐵𝐵2(𝑡𝑡). It means 

that the systems QS1 and QS2 are identical from classical queueing theory point of 
view, i.e. distributions of all RVs characterizing these systems (e.g. queueing time, 
sojourn time, number of customers present in the system) are the same in both 
systems. But this assertion becomes wrong for mean values 𝐄𝐄𝜎𝜎(1)and 𝐄𝐄𝜎𝜎(2) of total 
volumes for systems QS1 and QS2, respectively. 

Indeed, RVs 𝜁𝜁 and 𝜉𝜉 are independent in QS1. Then, for their mixed moment 𝛼𝛼11
(1), 

we obtain: 

𝛼𝛼11
(1) = 𝐄𝐄(𝜁𝜁𝜁𝜁) = 𝐄𝐄𝜁𝜁 ⋅ 𝐄𝐄𝜉𝜉 = (𝑓𝑓𝑓𝑓)−1. 

Classical characteristic 𝐄𝐄𝑤𝑤 is the same for both systems. It is known [3], [5] that 
𝐄𝐄𝑤𝑤 = 𝜌𝜌 (⁄ 𝜇𝜇(1 − 𝜌𝜌)), where 𝜌𝜌 = 𝑎𝑎 𝜇𝜇⁄ = 𝑎𝑎𝑐𝑐 𝑓𝑓⁄ . Then, for system QS1, we have from 
relation (16): 

𝐄𝐄𝜎𝜎(1) = 𝑎𝑎 [ 𝜌𝜌
𝜇𝜇(1 − 𝜌𝜌) ⋅ 1

𝑓𝑓 + 1
𝑓𝑓 ⋅ 1

𝜇𝜇] = 1
𝑓𝑓 ⋅ 𝜌𝜌

1 − 𝜌𝜌 . 

For mixed moment 𝛼𝛼11
(2) of the system QS2,we have: 

𝛼𝛼11
(2) = 𝐄𝐄(𝜁𝜁 𝜉𝜉) = 𝐄𝐄(𝜁𝜁 ⋅ 𝑐𝑐𝑐𝑐) = 𝑐𝑐𝐄𝐄𝜁𝜁2. 

For the second moment 𝐄𝐄𝜁𝜁2 of customers’ volume, we easily obtain 𝐄𝐄𝜁𝜁2 = 2 𝑓𝑓2⁄  
and finally have: 

𝐄𝐄𝜎𝜎(2) = 𝑎𝑎 [ 𝜌𝜌
𝜇𝜇(1 − 𝜌𝜌) ⋅ 1

𝑓𝑓 + 2𝑐𝑐
𝑓𝑓2] = 1

𝑓𝑓 ⋅ 𝜌𝜌(2 − 𝜌𝜌)
1 − 𝜌𝜌 . 

Therefore, mean total volume is 2 − 𝜌𝜌 times greater in the system QS2. It is 
intuitively clear, because customers of a greater volume are served for a longer time 
in this system.  

This simple example shows that we have to take into account the dependence 
between RVs 𝜁𝜁 and 𝜉𝜉 , if we want correctly determine buffer space capacity while 
communication center (router) designing of a computer or telecommunication network.   

6. Examples of Calculations of Loss Characteristics 
Now, we shall present some exemplary calculations of loss characteristics for the 
chosen queueing systems with random volume customers. 

6.1. Processor sharing system M/M/1/(∞,V)-EPS 

Consider processor sharing system in which customer’s volume is distributed 
exponentially with parameter f . We shall analyze two versions of this system. In first 
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For mixed moment 𝛼𝛼11
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and finally have: 

𝐄𝐄𝜎𝜎(2) = 𝑎𝑎 [ 𝜌𝜌
𝜇𝜇(1 − 𝜌𝜌) ⋅ 1

𝑓𝑓 + 2𝑐𝑐
𝑓𝑓2] = 1

𝑓𝑓 ⋅ 𝜌𝜌(2 − 𝜌𝜌)
1 − 𝜌𝜌 . 

Therefore, mean total volume is 2 − 𝜌𝜌 times greater in the system QS2. It is 
intuitively clear, because customers of a greater volume are served for a longer time 
in this system.  

This simple example shows that we have to take into account the dependence 
between RVs 𝜁𝜁 and 𝜉𝜉 , if we want correctly determine buffer space capacity while 
communication center (router) designing of a computer or telecommunication network.   

6. Examples of Calculations of Loss Characteristics 
Now, we shall present some exemplary calculations of loss characteristics for the 
chosen queueing systems with random volume customers. 

6.1. Processor sharing system M/M/1/(∞,V)-EPS 

Consider processor sharing system in which customer’s volume is distributed 
exponentially with parameter f . We shall analyze two versions of this system. In first 
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of them (QS1), customer’s length is independent on his volume and is exponentially 
distributed with parameter μ. In second one (QS2), customer’s length is proportional 
to his volume (𝜉𝜉 = 𝑐𝑐𝑐𝑐, 𝑐𝑐 > 0) i.e. it is distributed exponentially with parameter 𝑓𝑓 𝑐𝑐⁄ . 
If we assume that 𝜇𝜇 = 𝑓𝑓 𝑐𝑐⁄ , we obtain that the systems QS1 and QS2 become identical 
from the classical queueing theory point of view. But, of course, loss characteristics 
are not the same for these systems, because the dependence between RVs 𝜁𝜁 and 𝜉𝜉 has 
a substantial influence on their values. Indeed, in Sections 3 and 4, we obtained 
explicit relations for loss characteristics of the systems QS1 (relations (6) and (13)) 
and QS2 (relations (14) and (15)). Now, we present some numerical computations 
under assumption that 𝑎𝑎 = 1, 𝑓𝑓 = 2 for both systems, 𝜇𝜇 = 2 for QS1 and 𝑐𝑐 = 1 for  
QS2, i.e. 𝜌𝜌 = 0.5 for both systems. The results of computations are presented in       
Fig. 3 (for QS1) and Fig. 4 (for QS2). 
 

           𝑃𝑃loss, 𝑄𝑄loss 

 
                                                                                                                               V 

Fig. 3. Loss characteristics for system M/M/1/(∞,V)-EPS with independent customer’s 

6.2. System M/M/1/(∞,V) 

Consider single-server queueing system in which customer’s volume is distributed 
exponentially with parameter f . We shall also analyze two versions of this system 
(QS1 and QS2). In the first of them, customer’s service time is independent of his 
volume and distributed exponentially with parameter 𝜇𝜇. In the second one, service 
time is proportional to customer’s volume (𝜉𝜉 = 𝑐𝑐𝑐𝑐). If we assume that 𝜇𝜇 = 𝑓𝑓 𝑐𝑐⁄ , these 
two models are also equivalent from the classical point of view. 
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       𝑃𝑃loss, 𝑄𝑄loss 

 
                                                                                                                V   
Fig. 4. Loss characteristics for system M/M/1/(∞,V)-EPS with customer’s 

length proportional to his volume 

It is clear that we can’t calculate exact loss characteristics for the second version 
of the system, because its DF 𝐷𝐷𝑉𝑉(𝑥𝑥) is unknown in explicit form. But, for both 
versions, we can calculate approximations of 𝐷𝐷𝑉𝑉(𝑥𝑥) (see Section 4). These 
approximations are based on the use of incomplete gamma function with parameters 
that depend on the values of the first (𝛿𝛿1) and second (𝛿𝛿2)  moments of analogous 
system M/M/1/∞ with unlimited buffer space, i.e. 𝑉𝑉 = ∞(see Section 3), under 
assumption 𝜌𝜌 = 𝑎𝑎 𝜇𝜇⁄ = ac 𝑓𝑓⁄ < 1. For system QS1 from relation (10), we easily 
obtain: 

𝜹𝜹𝟏𝟏 =
𝝆𝝆
𝒇𝒇 ⋅

𝟏𝟏
𝟏𝟏 − 𝝆𝝆 , 𝜹𝜹𝟐𝟐 =

𝟐𝟐𝝆𝝆
𝒇𝒇𝟐𝟐 ⋅

𝟏𝟏
(𝟏𝟏 − 𝝆𝝆)𝟐𝟐 . 

For system QS𝟐𝟐, we have analogously from relation (8):  

𝛿𝛿1 =
𝜌𝜌
𝑓𝑓 ⋅

2 − 𝜌𝜌
1 − 𝜌𝜌 , 𝛿𝛿2 =

2𝜌𝜌
𝑓𝑓2 ⋅

3 + 𝜌𝜌3 − 𝜌𝜌2 − 2𝜌𝜌
(1 − 𝜌𝜌)2 . 

Now, we present some numerical computations. Assume that 𝑎𝑎 = 1, 𝑓𝑓 = 2. 
Then, 𝜌𝜌 = 0.5. The results of calculation for system QS1 are presented in Fig. 5. 
Proper results for QS𝟐𝟐 are shown in Fig. 6. 

Obtained numerical results show that a character of dependency between 
customer’s service time and his volume has substantial influence on estimators of loss 
characteristics, and we have to take it into account during the process of computer 
systems designing. E.g. if we want to design computer system having the same input 
characteristics and want to have maximal volume unit loss probability less than 10−4, 
then, in the case of QS1, we have to set value V at least equal to 10, and, in the case 
of QS2, to set it equal at least to 12. Of course, we can see that 𝑄𝑄loss characteristics are 
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Now, we present some numerical computations. Assume that 𝑎𝑎 = 1, 𝑓𝑓 = 2. 
Then, 𝜌𝜌 = 0.5. The results of calculation for system QS1 are presented in Fig. 5. 
Proper results for QS𝟐𝟐 are shown in Fig. 6. 

Obtained numerical results show that a character of dependency between 
customer’s service time and his volume has substantial influence on estimators of loss 
characteristics, and we have to take it into account during the process of computer 
systems designing. E.g. if we want to design computer system having the same input 
characteristics and want to have maximal volume unit loss probability less than 10−4, 
then, in the case of QS1, we have to set value V at least equal to 10, and, in the case 
of QS2, to set it equal at least to 12. Of course, we can see that 𝑄𝑄loss characteristics are 
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greater than 𝑃𝑃loss. Numerical computations of loss characteristics and other 
performance ones for various types of queueing systems with random volume 
customers (also with non-identical servers) can be found in [23], [28] and [29]. 
 

                     𝑃𝑃loss∗ , 𝑄𝑄loss∗  

 
                                                                                                                              V 

Fig. 5. Loss characteristics for system M/M/1/(∞,V) with independent customer’s 
volume and his service time (approximation) 

                    𝑃𝑃loss∗ , 𝑄𝑄loss∗  

 
                                                                                                                                                V 

Fig. 6. Loss characteristics for system M/M/1/(∞,V) with service time proportional 
to customer’s volume (approximation) 

7. Conclusion 
In the paper, we focus on models of queueing systems with random volume customers. 
We show that analysis of these models needs some extensions of mathematical tools 
known from the classical queueing theory. 
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We also discuss the most important problems that are connected with determining 
of  distribution functions of the customers’ total volume in such models and obtaining 
of their loss characteristics. We additionally present results of investigations for some 
models of such systems. We point out that the character of dependency between 
customer’s volume and his service time has incontestable influence on performance 
characteristics of analyzed models that was shown in some numerical examples. 
Moreover, we present some practical approximation methods of calculating 
estimators of loss characteristics in the case when it is not possible to obtain explicit 
formulae. 

These methods can be used in computer systems designing, when we determine 
needed buffer space capacity of the system. 
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Abstract 
The development and use of information and communication technologies (ICTs), and 
in particular the Internet, have changed the way businesses operate in the last twenty 
years, providing a number of new opportunities for improving innovation and 
competitiveness. Today, modern ICT is considered to be the basis for the development 
of a knowledge society, in which the concept of e-government plays a special role. The 
main goal of this paper was to examine the perceptions of business users, in terms of 
perceived barriers and benefits achieved, from the use of electronic public 
administration services. The survey included 500 companies with the highest business 
income in Serbia. The data collected were analyzed using Pearson’s correlation 
coefficient, Mann Whitney’s test and Kruskal-Wallis test. The results of the research 
showed that the level of acceptance of electronic services is still lower than expected, 
given the volume of services offered. Also, this study pointed to the need to raise the 
level of awareness of businesses about e-government services, as well as the need to 
improve the quality of electronic services, in terms of complete digitization, alignment 
with enterprise requirements and regular updating of data. 
Keywords: ICT, e-government, business entities, Serbia 

1. Introduction  
The interest in the modernization of the public sector has grown rapidly in the last ten 
years, and the introduction of electronic services is a key element of public 
administration reform. E-government initiatives are present in all democratic systems 
reform programs in developed Western European countries [1]. According to the 
OECD [2], e-government represents “the use of information and communication 
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technologies, and especially the Internet, as a means of achieving better public 
administration.” The application of information and communication technologies 
enables greater transparency in the work of state bodies, while reducing corruption 
[3]. In the first stages of digital governance development, investments have focused 
on technology that supports the development of electronic communication with 
stakeholders, and lately, as the problem of low acceptance of e-government becomes 
increasingly apparent, the focus is shifting to users [4]. Considering the results of 
previous research, it was concluded that all user groups play a very significant role in 
ensuring the long-term success of the e-government project [5]. The electronic public 
service provides a range of benefits to its users (citizens, businesses, the public sector, 
the non-profit sector). However, the expected benefits for the state administration 
cannot be materialized immediately, but only at the moment when most interactions 
with the government are realized through the Internet. One of the obstacles to the 
development of e-government is the nature of public service, which, with all its 
obligations, is not in a position to easily and swiftly dispense with paperwork 
procedures, as soon as the opportunity for the implementation of electronic services 
becomes available [6]. Lessa et al. [7] point out that the failure rate of e-government 
implementation is very high, especially in developing countries and transition 
democracies. According to Heeks [8], 85 percent of e-government projects have 
experienced partial or complete failure in developing countries. Regardless of the 
level of development or the form of social ordering, there are numerous benefits that 
the concept of e-government can provide for any society. First of all, the 
modernization of public administration and the introduction of modern information 
and communication technology into the state sector increase the efficiency and 
effectiveness of all business processes. Another reason, crucial to the necessity of 
implementing e-government, is democratic reform of the state structure, promotion of 
democratic practice and transparency in the work of state bodies [9]. For Serbia, the 
issue of digitalization of public administration is particularly important because of the 
accession process to the European Union. It is required to align the objectives of the 
Europe 2020 Strategy and the Digital Plan for Europe initiative [10], one of the 
priorities of which is to create a single digital market based on high-speed internet and 
interoperable applications. In the last ten years, some effort has been invested, both in 
the development of information technologies and in their application in the work of 
state bodies [11]. However, according to the results of a recent two-year United 
Nations survey, Serbia has not made progress on the global list when analyzing the 
performance of state-owned e-services [12]. The paper presents the basic results of 
the research, which aims to identify the most significant advantages and limitations, 
detected by business entities in the process of using e-services. The paper is divided 
into five sections, including introductory notes. The second section provides an 
overview of the relevant e-government literature, which served as the basis for 
defining the methodological framework of the research. The third part contains a 
description of the applied statistical methods of data processing, analysis of the 
obtained results and comparison with previously published data. Section 4 outlines 
the limitations of the research conducted, as well as suggestions and recommendations 
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increasingly apparent, the focus is shifting to users [4]. Considering the results of 
previous research, it was concluded that all user groups play a very significant role in 
ensuring the long-term success of the e-government project [5]. The electronic public 
service provides a range of benefits to its users (citizens, businesses, the public sector, 
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cannot be materialized immediately, but only at the moment when most interactions 
with the government are realized through the Internet. One of the obstacles to the 
development of e-government is the nature of public service, which, with all its 
obligations, is not in a position to easily and swiftly dispense with paperwork 
procedures, as soon as the opportunity for the implementation of electronic services 
becomes available [6]. Lessa et al. [7] point out that the failure rate of e-government 
implementation is very high, especially in developing countries and transition 
democracies. According to Heeks [8], 85 percent of e-government projects have 
experienced partial or complete failure in developing countries. Regardless of the 
level of development or the form of social ordering, there are numerous benefits that 
the concept of e-government can provide for any society. First of all, the 
modernization of public administration and the introduction of modern information 
and communication technology into the state sector increase the efficiency and 
effectiveness of all business processes. Another reason, crucial to the necessity of 
implementing e-government, is democratic reform of the state structure, promotion of 
democratic practice and transparency in the work of state bodies [9]. For Serbia, the 
issue of digitalization of public administration is particularly important because of the 
accession process to the European Union. It is required to align the objectives of the 
Europe 2020 Strategy and the Digital Plan for Europe initiative [10], one of the 
priorities of which is to create a single digital market based on high-speed internet and 
interoperable applications. In the last ten years, some effort has been invested, both in 
the development of information technologies and in their application in the work of 
state bodies [11]. However, according to the results of a recent two-year United 
Nations survey, Serbia has not made progress on the global list when analyzing the 
performance of state-owned e-services [12]. The paper presents the basic results of 
the research, which aims to identify the most significant advantages and limitations, 
detected by business entities in the process of using e-services. The paper is divided 
into five sections, including introductory notes. The second section provides an 
overview of the relevant e-government literature, which served as the basis for 
defining the methodological framework of the research. The third part contains a 
description of the applied statistical methods of data processing, analysis of the 
obtained results and comparison with previously published data. Section 4 outlines 
the limitations of the research conducted, as well as suggestions and recommendations 
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for future research. Finally, the last section contains concluding considerations and 
practical implications of the results, which are significant for the further development 
of e-government in transition countries. The survey was conducted on a sample 
comprising of 500 largest economic entities, the size of which was measured by the 
amount of business income generated in 2017, in the territory of the Republic of 
Serbia (based on data from the Serbian Business Registers Agency (SBRA)). This 
group of companies is significant for the Serbian economy because it generates more 
than half of the income of all companies in the country, and also, these companies 
operate in different sectors and through relationships with suppliers and customers, to 
some extent, create flows in the Serbian economy [13] and consequently, influence 
future trends in e-business of Serbian companies.   

This paper raises the following research questions:   
RQ1: How much has the e-government service been used by the most profitable 

companies in Serbia in the last six months?   
RQ2: What are the reasons for the possible disuse of e-government services?   
RQ3: Is there a relationship between the level of use of e-services and the 

affiliation sector, type of business or size of business?   
RQ4: What are the most significant benefits of digitizing the administration, from 

the perspective of business entities?   
RQ5: What are the most significant obstacles to the digitization of government, 

from the perspective of business entities?   
As a result of the aforementioned research questions, the main objective of the 

study is to analyze the use of an electronic public service and identify the motivating 
and limiting factors for its adoption from the perspective of business organizations. 
The information on the extent of use and reasons for not using e-government services, 
as well as the benefits and barriers that users encounter in the course of electronic 
communication with public administration, provide a better insight and clearer picture 
of the current state of e-government development and the information basis for policy 
making, which will advance the user-focused government and stimulate the adoption 
of electronic public services. The results of this research are important, first of all, 
because of the lack of academic papers focused on business users and their use of e-
government services in transition countries, as well as because they provide better 
insight into the possibilities of successful implementation of e-government systems. 

2. Literature Overview 
The concept of e-government emerged in the late 1990s, but the development of 
information systems of governmental organizations can be traced back decades, from 
the beginnings of computer history [14]. The rapid advances and constant changes in 
the field of information and communication technologies (ICT) have led to the need 
to innovate communication channels at all levels of government and to modernize the 
state administration. E-government development projects, due to their complex 
nature, have had broader political, social, and economic implications for society as a 
whole [15]. Today, e-government is seen as a means of reducing red tape, increasing 
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the efficiency and effectiveness of public service, and strengthening democratic 
structures [16]. Many previous studies have highlighted the existence of a gap 
between the quality of government supply and the level of use of e-government 
services [17]. There are a number of factors that impede digital collaboration between 
government and users and lead to the formation of a communication gap, both on the 
supply side and on the demand side. Previous research has confirmed the difference 
between developed and other countries in terms of the spread of electronic public 
service [18]. Most of the e-government development strategies adopted are based on 
successful experiences from developed countries, which cannot be directly applied to 
developing countries. In recent years, significant progress has been made in developed 
countries in the e-government implementation process [19], which further widens the 
existing gap and increases the gap between leaders in the digitalization of public 
administration in less developed countries. According to Azad et al. [20], this 
inequality is explained by the action of institutional factors, which include: democratic 
practice, transparency of private sector operations, perception of corruption and 
freedom of the media, while other authors place this topic in a wider context, taking 
into account the work of history and culture, infrastructure, citizens and government 
sector employees, with particular reference to their IT capabilities [21]. The 
modernization of the public sector and the application of information and 
communication technologies are an essential part of Serbia’s European integration 
process and accession negotiations. In this context, the current Strategy for the 
development of electronic communications from 2010 to 2020 sets the 
implementation of e-government as one of the development priorities for the coming 
period [22]. Regional cooperation and partnership between the public and private 
sectors can significantly contribute to the development of the e-government concept, 
which focuses on the interests of users in the Southeastern Europe region [23]. It is 
noticeable that more and more private sector companies are cooperating with state 
institutions on joint projects in the field of ICT, as a basis for digitalization of public 
administration [24]. 

3. Research Methodology 
The survey included 500 companies with the highest business income in Serbia. The 
sample frame consisted of a database of companies registered with the Business 
Registers Agency, which submitted the annual accounts for the 2017 fiscal year. 
Enterprises covered by the sample belong to different industries, regions, ownership 
structures and size. The survey used an online survey as a method of data collection. 
Twelve companies were excluded from the sample due to the inability to determine 
their email address, due to the lack of transparency of information regarding their 
business and the lack of publicly available sources, such as company websites. The 
invitation to participate in the survey, with a link to the questionnaire, was sent by e-
mail to all other listed companies (488 companies in total). The letter also included an 
explanation of the purpose of the research, instructions for completing the 
questionnaire, and contact information for further clarification. The online 
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noticeable that more and more private sector companies are cooperating with state 
institutions on joint projects in the field of ICT, as a basis for digitalization of public 
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3. Research Methodology 
The survey included 500 companies with the highest business income in Serbia. The 
sample frame consisted of a database of companies registered with the Business 
Registers Agency, which submitted the annual accounts for the 2017 fiscal year. 
Enterprises covered by the sample belong to different industries, regions, ownership 
structures and size. The survey used an online survey as a method of data collection. 
Twelve companies were excluded from the sample due to the inability to determine 
their email address, due to the lack of transparency of information regarding their 
business and the lack of publicly available sources, such as company websites. The 
invitation to participate in the survey, with a link to the questionnaire, was sent by e-
mail to all other listed companies (488 companies in total). The letter also included an 
explanation of the purpose of the research, instructions for completing the 
questionnaire, and contact information for further clarification. The online 
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questionnaire, uploaded in the form of a Google document, was available to 
businesses for 21 days (from September 24 to October 15, 2018) and one email 
reminder was sent during that period. Non-delivery messages were returned from 23 
email addresses. The questionnaire used in this research partly relies on previous e-
government research [25]. However, it has been significantly modified and adapted 
to the conditions and state of development of e-government in Serbia. In the survey, 
37 participants were asked in the decision-making process in the field of e-
government. Employees at higher levels of management were interviewed to gain 
insight into their views regarding the use of e-government services. The questions are 
divided into four sections, covering four main topics, which are also the subjects of 
research. The first part of the questionnaire relates to basic data such as: number of 
employees (size of company), location (region), form of ownership and activity of 
company. The second part of the questionnaire is aimed at gathering information on 
the level of representation of various forms of e-commerce among business entities, 
the level of use of the electronic public administration service, as well as possible 
reasons for not using it. In the third part of the questionnaire, businesses evaluate the 
benefits of using e-government services, and the last part deals with the perception of 
the most important barriers to its adoption by businesses. Both sections contain a set 
of claims that describe the different benefits or benefits. limitations, and for each 
claim, respondents rate the degree of their agreement or disagreement, on a six-point 
scale. All questions asked in the survey are of a closed type, with modalities of 
answers being offered. Quantitative analysis of the obtained data was carried out with 
the help of the SPSS software program. The matrix in SPSS was formed based on a 
questionnaire. Also, the analysis of descriptive statistics was used to edit and group 
the data, as well as the parametric test Pearson’s correlation coefficient, to calculate 
the correlation of variables (the use of e-government services with the affiliation 
sector, type of activity and size of enterprise). Non-parametric tests were also used in 
the study: Mann Whitney test (or Rank sum test) to compare employees in 
manufacturing and service companies using individual e-government services, and the 
Kruskal-Wallis test to compare employees in enterprises of different sizes in assessing 
the benefits use of e-government.  

4. Results  
Representatives of 83 companies operating in the Republic of Serbia were surveyed, 
representing 17% of the total number of companies (488) invited by e-mail to 
participate in the survey. Considering the size of the surveyed companies (i.e. the 
number of employees), the representation of small (29%), medium (40%) and large 
(31%) enterprises is quite balanced. The sample covers enterprises operating within 
the service (64%) and manufacturing (36%) sectors, the largest percentage belonging 
to the private sector (85%), while 15% is state-owned. The regional structure of the 
sample indicates the highest presence of business entities from Belgrade (72%) and 
Vojvodina (22%), while the least surveyed companies are from Central Serbia (6%). 
Descriptive statistics were analysed to answer the first two research questions 
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regarding the level of use of e-government services and the reasons for their possible 
non-use (in the last six months). Based on the data collected, it was found that the 
most common channels of communication of the economy with the state 
administration are: telephone (70%) and personal contact with government officials 
(63%), while the Internet is most commonly used by 52% of companies surveyed in 
communication with public administration (Graph 1).  

 

 
Graph 1. Frequency of responding of the surveyed business entities to the question related to the 

choice of the most common channels of communication with the state administration, in the last six 
months (expressed as a percentage). Note: Respondents were given multiple answers. 

Of the surveyed businesses, 80% said they had used e-government services in the 
last six months. Most of the remaining 20% of respondents stated that such a situation 
is a result of ignorance of the Government’s offer of electronic services (67%), while 
more than half of the surveyed companies disagree with the statement that lack of 
information literacy (65%), trust in the use of internet services (62%) or lack of will 
(68%), the reason for not using e-government services (Graph 2). 

 

 
Graph 2. Frequency of responses of the surveyed business entities, indicating the degree of their 

agreement or disagreement with statements describing the reasons for not using e-government services 
in the last six months (expressed as a percentage). Note: Respondents were given multiple answers. 

According to the Mann Whitney test, a difference was found between respondents 
employed in manufacturing and service companies, in assessing the claim of 
“unfamiliarity with e-government services”. Respondents employed in the service 
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sector indicated that at a majority of them were not familiar with e-government 
services (Z = -2.134, p = 0.033). 

The Mann Whitney test did not identify differences between respondents of 
employees in public and private companies in evaluating claims regarding the reasons 
for not using e-government. The Kruskal Wallis test indicated that there were 
statistically significant differences between employees of enterprises of different 
sizes, in assessing claims related to lack of will (χ2 = 9,920, p = 0.007) and lack of 
computer literacy (χ2 = 16,896, p = 0.007), meaning these two items were rated the 
highest by employees of medium size companies. 

In order to answer the third research question, which relates to establishing the 
connection between the level of use of e-services and the affiliation sector, type of 
activity and size of the company, a Hi-square test was applied. The use of e-services 
according to the conventional statistical criterion does not depend on the type of 
activity (Φ = -, 205, Pearson’s χ2 = 3.471, p = 0.062), but this correlation is marginally 
statistically significant. Also, the use of e-government services does not depend on 
the size of the enterprise (C =, 210, Pearson’s χ2 = 3.830, p = 0.147), ownership (Φ 
=, 027, Pearson’s χ2 = 0.061, p = 0.804), or location of the enterprise (C =, 139, 
Pearson’s χ2 = 1.624, p = 0.139). 

 

 
Graph 3. Frequency of responses of business respondents to the question related to the purpose of 
Internet use, in the last six months (expressed as a percentage). Note: the respondents were given 

multiple answers. 

As shown in Graph 3, businesses use the Internet most to send (submit) completed 
forms electronically (96%), while the smallest percentage of surveyed business 
representatives use e-participation opportunities, such as participating in interactive 
discussions on the e-government Portal Forum page (9%) and participation in 
electronic public discussions (13%). 

The analysis of sectoral differences regarding the purpose of internet use by the 
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averages, it can be concluded that employees of state-owned enterprises used the 
Internet more to obtain information (Z = -2,455, p =, 014), download forms (Z =-
1,966, p =,049) and complete case processing (Z=-1,858, p=,063), and employees of 
private companies for electronic communications with clients (Z = -1,786, p =, 074).

Also, employees in large companies rated more positively the items related to 
participation in the electronic public procurement system (χ2 = 8.469, p = 0.014), 
participation in electronic discussions (χ2 = 10.290, p = 0.006) and the use of public 
administration services through mobile of devices (χ2 = 7.786, p = 0.020), with respect 
to SMEs. In general, surveyed business entities use the Internet to a greater extent for 
accessing e-services (AS = 11.32) than for e-participation (AS = 5.62).

The remaining research questions relate to the assessment of the most significant 
advantages (Graph 4) and/or limitations (Graph 5) of the use of electronic services of 
public administration, from the perspective of business entities.

Graph 4. Frequency of responses of the surveyed business entities, indicating the degree of their 
agreement or disagreement with the statements describing the most significant benefits of using e-

government (expressed as a percentage). Note: Respondents were given multiple answers.

The vast majority of businesses are aware of the benefits of the e-government 
process, benefiting first and foremost in terms of significant savings over time (90% 
of respondents agree with this statement), then better quality of public administration 
services for the business sector (80 %), savings in money (75%), more transparent 
government work (72%), and easier access to digital public service (70%). The 
benefits of using e-government do not depend on the activity, sectoral affiliation or 
size of the enterprise.

Chart 5. Frequency of responses of the surveyed business entities, indicating the 
degree of their agreement or disagreement with statements that describe the most 
significant restrictions on the use of e-government (expressed as a percentage). Note: 
Respondents were given multiple answers.
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More than half of the surveyed companies did not find any significant barriers to 
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used the services of e-government in the last six months, while one fifth of the 
surveyed companies did not have this type of contact with state administration bodies. 
In conditions of low level of internet penetration, the policy of encouraging the 
development of electronic public administration service does not provide satisfactory 
results. A critical mass of internet users is needed to promote digital services with 
significant effects [29]. According to the latest SORS (2018) survey on the use of 
information and communication technologies, 100% of companies in Serbia own an 
Internet connection and use a computer in their business. Although 99.8% of 
enterprises use the Internet for business purposes, only half of the surveyed businesses 
(52%) chose the Internet as the most common channel of communication with public 
administration. This study has shown that the degree of acceptance of e-government 
services by the most profitable companies does not depend significantly on the type 
of ownership, location, size of the business or type of business. One explanation may 
be the fact that the subjects of analysis are the largest economic entities (by operating 
income), and accordingly have sufficient resources (in terms of financial resources 
and human resources) as a support for the adoption of e-government services. Also, 
the study by Al-Zoubi et al. [30] provides empirical evidence for the existence of a 
significant relationship between e-government acceptance and business performance. 
Nevertheless, this question requires further research. Although there is a relatively 
satisfactory degree of use of e-government services by business entities, they mainly 
relate to obtaining information and downloading and submitting completed forms in 
electronic form. This is confirmed by the evaluation of various aspects of the 
regulatory activity of the Government by economic entities, according to which the 
availability of information on the websites of state bodies is most favorable, while the 
administrative burden imposed by regulations is most unfavorable [31]. The results of 
the survey reveal a gap between the use of e-government services and e-participation 
in web content forms. Of the companies surveyed, the smallest percentage uses the 
Internet to participate in interactive discussions on the E-Government Web Portal. 
Although a public discussion was organized for a third of the laws, the effects of these 
public discussions are not visible [31]. Almost all surveyed companies are aware of 
the benefits of introducing e-government. This is first of all significant savings in time 
and money, then better quality of services and easier access to digital services. These 
findings are consistent with the results of previous studies addressing e-government 
user perceptions [32], [33], [34], [35]. It is interesting that the assessment of the most 
significant advantages, from the point of view of economic entities, also, as well as 
the level of use of electronic services, does not depend on the activity, sectoral 
affiliation or size of the enterprise. Analyzing and understanding the factors that 
encourage or constrain businesses in the use of e-government services is the basis for 
enacting government measures that provide greater customer support [32]. Therefore, 
it is also necessary to investigate the problems encountered by enterprises in 
communicating with state administration bodies through the Internet. The lack of 
knowledge about e-government programs and services is rated as a “very important” 
barrier in a range of research [36], [37], [38]. These findings were confirmed in the 
conducted survey as a major obstacle for the business sector in Serbia, in which the 
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administrative burden imposed by regulations is most unfavorable [31]. The results of 
the survey reveal a gap between the use of e-government services and e-participation 
in web content forms. Of the companies surveyed, the smallest percentage uses the 
Internet to participate in interactive discussions on the E-Government Web Portal. 
Although a public discussion was organized for a third of the laws, the effects of these 
public discussions are not visible [31]. Almost all surveyed companies are aware of 
the benefits of introducing e-government. This is first of all significant savings in time 
and money, then better quality of services and easier access to digital services. These 
findings are consistent with the results of previous studies addressing e-government 
user perceptions [32], [33], [34], [35]. It is interesting that the assessment of the most 
significant advantages, from the point of view of economic entities, also, as well as 
the level of use of electronic services, does not depend on the activity, sectoral 
affiliation or size of the enterprise. Analyzing and understanding the factors that 
encourage or constrain businesses in the use of e-government services is the basis for 
enacting government measures that provide greater customer support [32]. Therefore, 
it is also necessary to investigate the problems encountered by enterprises in 
communicating with state administration bodies through the Internet. The lack of 
knowledge about e-government programs and services is rated as a “very important” 
barrier in a range of research [36], [37], [38]. These findings were confirmed in the 
conducted survey as a major obstacle for the business sector in Serbia, in which the 
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majority of enterprises (67%) most often state that lack of knowledge of the 
Government’s e-services offerings is the most important reason for not using 
electronic services, while IT literacy and trust in the use of e-services are not a limiting 
factor for further development. According to the European Commission [39], lengthy 
and complicated procedures and incomplete digitization of services continue to limit 
use by a significant proportion of businesses. However, survey results showed that 
most businesses do not find e-government services complicated to use (73%). What 
concerns the surveyed companies is the inability to provide services completely 
electronically and the irregular updating of information on government portals. Unlike 
previous studies [40], which highlight the issue of data security/privacy as a 
significant barrier to e-government adoption, confidentiality and data security do not 
represent a barrier to the surveyed businesses. 

6. Conclusion  
The development of e-government is one of the biggest challenges in further 
modernizing the public administration system. The digitalization of the public sector 
is conditioned by a number of factors, including technical and technological progress, 
financial resources and political views. The influence of these factors determines the 
dynamics and direction of ICT development in the modern information society [34]. 
The implementation of e-government is particularly complex in the political and 
economic environment of post-communist countries, which are facing reform of the 
entire public sector. This study has shown that the largest companies have generally 
recognized the importance and benefits of the Internet as a way of communicating 
with the state. Although there is a relatively satisfactory level of use of e-government 
services, the level of development of electronic services is still lower than expected. 
There was a need to raise the level of information on e-government services, as well 
as the need to improve the quality of electronic services, in terms of complete 
digitization, alignment with the requirements of businesses and regular updating of 
data. In general, there is considerable room for improvement in this area. Although, 
at first glance, the problem of misinformation may seem minor in relation to other 
obstacles, it needs to be given greater attention in the coming period. In order for 
businesses to fully exploit the potential of e-government, and not just use the services 
provided by law as mandatory, it is necessary for the Government to promote existing 
e-services as well as the benefits of using them. More broadly, the implementation of 
innovation policy, and the support of the Government in this context, is one of the 
important factors for successful digitization of public services [41]. The results of the 
research have indicated that information literacy is not a limiting factor in the use of 
electronic services. However, it should be emphasized that the sample was formed on 
the basis of the 500 most profitable companies in Serbia, which generate more than 
half of the income of all companies, so their investment in employee literacy is much 
more likely. It can be assumed that in order to obtain significantly different results, 
the focus of the research was on companies with a chronic lack of financial resources 
[42]. The state administration of the Republic of Serbia faces numerous challenges 
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today, and one of the most important are the requirements that the European Union 
places before its potential members, within the framework of the tenth negotiating 
chapter, in the field of electronic communications and information society services. 
The success of public sector reform and implementation of e-government, as one of 
the cornerstones of information society development, depends both on the government 
and the political will of economic policy-makers and on the degree of acceptance of 
all potential users (citizens, economy, government employees). Viewed from the 
perspective of the most successful businesses, they are expected to set an example for 
other companies and become leaders in adopting new technologies and electronic 
services of public administration, as they occupy a leading position in the market in 
terms of revenue generated. 
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Abstract 
The purpose of this article is to provide a brief discussion of ERPs, including how they 
can be defined, their component parts, and the evolution of technologies since the 
1940s. The article then offers a general overview of the current ERP vendor market 
landscape based on academic journals and industry reports. The article’s 
methodological approach is a review of both academic literature and industry expert 
reports, which the author performed to trace trends within the landscape. Results of the 
analysis demonstrate that the rapidly evolving market landscape dates back at least six 
decades, and there are many large, longstanding ERP vendors. Yet, opportunities like 
cloud computing may result in niche products in existing industry players or through 
start-ups. These include trends such as the Fourth Industrial Revolution, artificial 
intelligence, blockchain technology as well as computing. Nonetheless, it remains to be 
seen how they will impact the ERP market. 
Keywords: artificial intelligence, blockchain technology, cloud computing, cloud 
ERPs, digital disruption, ERP vendor market, Fourth Industrial Revolution, postmodern 
ERPs 

1. Introduction 
The enterprise resource planning (ERP) phenomenon has been a reality for many 
institutions over several decades. ERP is the integrated management of institutional 
activities mediated by technology [1]. According to Greengard [2], an ERP system is 
at the centre of an institution, tackling core tasks of managing and integrating business 
processes in real-time. Not all global institutions have implemented any ERP systems. 
However, many institutions require integrated enterprise wide functionality in areas 
such as accounting, sales, order management, customer relationship management 
(CRM), and supply chain management (SCM). Van Decker, Anderson, and Leiter [3] 
argued that ERPs continue to be the largest category of enterprise software 
expenditures in institutions. 

Working professionals have endeavoured to ensure disciplinary theories and 
methodologies are in step with the rapidly evolving realities of the digital environment 
[4] – [5]. Numerous researchers have examined ERP systems development as well as 
implementation challenges and future [6] – [10]. However, it is rare to find 
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publications that give a general landscape of the ERP software vendor industry. 
Dahlén and Elfsson [11] investigated global ERP in 1999, pointing out eight 
companies at the time. Almost two decades later, when examining the emergence of 
the ERP software market, Erkut [12] based the discussions on one company that was 
a pioneering innovator in the market. Therefore, this article’s contribution to academic 
discourse is to provide an overview of the current ERP vendor market landscape as 
well as trace current and emerging trends in that landscape. 

2. Methodology and Approach 
This article’s methodological approach is a review of both academic literature and 
industry expert reports. This review explores relevant sources in order to provide a 
brief discussion of ERPs, including how they can be defined, their component parts, 
and the evolution of technologies since the 1940s [6], [13]. The article then offers a 
general overview of the current ERP vendor market landscape. There are various 
criteria that institutions could use to categorize ERP vendors, including market share, 
geographical coverage of their client base, historical background, and expansion 
patterns. However, this article uses two industry experts: Panorama Consulting and 
eWeek magazine’s author, Samuel Greengard. Panorama Consulting is an information 
technology (IT) service company that specializes in business management and ERP 
consulting. Samuel Greengard has almost two decades of experience as an IT editor 
and writer. Together, their reports provide an expansive view rather than a deep 
analysis of the market. This article then discusses the current and emerging trends in 
the ERP market, concentrating on cloud computing, Fourth Industrial Revolution, 
artificial intelligence, and blockchain technology. The article concludes by reflecting 
on limitations and opportunities in the developing research on ERPs. 

3. Defining ERPs 
Readers can understand an ERP as both a concept that involves the integration of 
business processes as well as a system that, at its core, has an integrated database and 
several modules that cover various functional areas [14], [15]. The ERP may have one 
or more modules providing cross-organization integration of information, managing, 
and integrating core business processes in real-time [16]. These modules include the 
following: 

1. Billing 
2. Distribution 
3. Finance 
4. Human Resources 
5. Logistics 
6. Order Management 
7. Procurement 
8. Production 
9. Project Management 
10. Sales 
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11. Scheduling 
12. Shipping 
13. Supply Chain Management 

For this reason, ERP systems are more than just mere technological artefacts. 
They are core platforms designed to support and leverage the capabilities of the tools 
and processes used by an organization [16]. In this sense, they are at the centre of 
everything an organization does, providing it the opportunity to adopt standardized 
practices and to have the potential to enhance operational efficiency, accountability, 
and organizational performance [14]. By managing and coordinating data and 
workflows between and among these components, it is possible for an organization to 
improve processes, trim costs, and achieve a more streamlined and effective business 
framework [2]. 

ERP platforms and concepts trace their genesis in the early years of computing to 
the 1940s. They have their immediate precursors as integrated control (IC) packages 
of the 1960s and the material resource planning (MRP) systems of the 1970s and 
1980s. Between the 1990s and 2000s, ERPs and extended ERPs initially had 
monolithic architecture. They then moved toward multiple platforms in the advanced 
ERPs of the 2010s [16], [17]. In the 2000s, traditional ERP systems began expanding 
their footprint to include CRM, human capital management (HCM), enterprise asset 
management, product lifecycle management, product information management, 
product data management, quality assurance, manufacturing execution systems, SCM, 
transportation management systems, and warehouse management systems [18]. 

In the mid-2010s, Gartner, a global research and advisory firm, coined a new term 
of postmodern ERPs that they saw as more agile and outward facing than previous 
ERP iterations [19]. A postmodern ERP is described as a technology strategy that 
“automates and links administrative and operational business capabilities (such as 
finance, human resources, purchasing, manufacturing, and distribution) with 
appropriate levels of integration that balance the benefits of vendor delivered 
integration against business flexibility and agility” [20]. In this sense, a postmodern 
ERP is a more federated, loosely coupled environment than previous ERP iterations, 
with all or most of its functionality sourced as cloud services or business process 
outsourcers [19]. In a postmodern ERP, institutions can deploy modules or 
applications as complementary systems to support a postmodern ERP strategy, or 
embed or integrate them with a core ERP system [18]. 

The rapid technological development that took place between the 1990s and the 
2020s resulted in institutions with ERPs implemented in the 1990s facing a 
technological crisis. On the one hand, modern institutions, including both 
multinational companies [21], [22], and small and medium size enterprises [23], 
increasingly required integrated enterprise applications. On the other hand, traditional 
ERPs had core legacy systems that were inflexible and unable to keep up with rising 
demands. Therefore, they were faced with the challenge of upgrading these 
applications. 

According to Møller [24], ERP research prior to 2000 consisted of two strands. 
The first strand related to ERP success and failure research and ERP implementation 
[6], [25]. The second strand looked at ERP technology as an enabler of business 



58

JIOS, VOL. 45. NO. 1 (2021), PP. 55-75

KATUU TRENDS IN THE ENTERPRISE RESOURCE... 

  

process reengineering [26]. A wide array of literature discusses challenges in 
implementing ERP: technical implementation challenges and organizational 
implementation challenges [27]. One of the technical implementation challenges is 
error in the choice of ERP software [27]. The choice of ERP software is a strategic 
decision that requires a large number of factors to be taken into consideration [28]. 
One of the considerations is a thorough understanding of the choice of ERP software 
products available in the market. The next section provides an overview of the modern 
ERP market landscape. 

4. ERP Vendor Market Landscape 
According to She and Thuraisingham [29], the ERP market landscape in the early 
2000s included a wide variety of vendors. For instance, there were about 50 
established vendors and a few more emerging smaller and medium size ERP vendors, 
including third party developers competing for the ERP market [30]. Due to historic 
reasons, these vendors had a specialty in a particular module area, such as Baan in 
manufacturing, PeopleSoft in HR management, SAP in logistics, and Oracle in 
financials [30]. 

At that time, some of the most consequential and tectonic changes took place in 
the market. For instance, in 2004, Oracle acquired PeopleSoft and JD Edwards, 
gaining approximately 22% of the ERP market share [29], [31]. By 2005, Sage had 
revenue of $1.4 billion in the ERP market, claiming a 6% market share as the third 
largest ERP vendor. In 2005, SAP had 26% of CRM market share, 29% of ERP market 
share, and 19% of SCM market share by total software revenue [29]. 

According to Zare Mehrjerdi [32], the major ERP players in 2010 included SAP, 
Oracle, and Baan. Over the years, several ERP companies have come and gone. Others 
have maintained or strengthened their positions through mergers and acquisitions. 
There are different ways of laying out the current landscape. This section outlines two 
such ways by two industry experts, Panorama Consulting, and eWeek magazine’s 
author, Samuel Greengard. 

Panorama consulting [18] categorized ERP systems into Tier I, Upper Tier II, 
Lower Tier II, and Tier III based on factors such as target organization size, vendor 
revenue, target number of users, and other factors such as functional complexity 
(Table 1). 

In Table 2, Greengard (2019) used varied criteria to identify a list of 10 ERP 
software providers, their flagship products, deployment, and headquarters. Table 2 
also provides ratings based on the assessment of various industry reports. 

Tables 1 and 2 demonstrate how vast the ERP industry is by showing at least 
thirteen current ERP vendors and some of their flagship products. However, the tables 
remain static illustrations that do not reveal the dynamic changes over time. Therefore, 
any organization that uses such resources for decision making needs to be cognizant 
of nuanced dynamism. For instance, regarding the issue of deployment, Panorama 
Consulting [33] noted 67% of the institutions had on-premises ERP software, 27% 
had SaaS, and 6% had cloud ERP. Two years later, Panorama consulting [18] noted a 
disaggregated deployment landscape with 37% of the institutions having on-premises, 
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 Criteria Characteristics Examples 

Tier I Designed for 
organizations 
with more than 
$750 million in 
annual revenue 

• Designed for large 
enterprises that have 
complex processes within 
their operations or 
complexity around 
consolidation and entity 
management 

• Tier I applications 
address multiple 
industries and scalability 

• Infor LN 
• Oracle Cloud Apps, 

Infor M3 
• SAP S/4/HANA 

Upper 
Tier II 

Designed for 
organizations 
with $250 million 
to $750 million in 
annual revenue 

• Small to medium size 
organizations that serve 
multiple industries and 
have multiple business 
units to manage 

• IFS 
• Microsoft Dynamics 

365 for Finance and 
Operations 

• Sage Enterprise 
Management 

Lower 
Tier II 

Designed for 
organizations 
with $10 million 
to $250 million in 
annual revenue 

• Small to medium size 
organizations that 
typically serve one 
industry and have a 
single entity to manage 

• Infor CloudSuite 
• IQMS 
• Microsoft Dynamics 

365 Business Central 
• Oracle NetSuite 
• Plex 
• SYSPRO 

Tier III Designed with 
niche 
functionality 

• Smaller organizations 
• Used to supplement a 

larger ERP system 

• Aptean 
• Sage ERP 100 
• Sage ERP 300 

Table 1. ERP market landscape tiers [18]. 

21% having cloud ERP (multi-tenant), 20% having SaaS, 14% having cloud ERP 
(single tenant), 9% having hybrid cloud, and 2% having a different arrangement. This 
latter report shows a more granular analysis of the choice of deployment in ERP 
implementation. The next section provides an overview of some current and emerging 
trends. These are likely to disrupt the market, prompting responses that will spur 
change. 

5. Impact of Technology Trends on the ERP Market Landscape 
Gartner predicted that at the dawn of the 21st century, ERP strategies would evolve 
into a new generation of enterprise systems [34]. As the ERP industry enters the 
2020s, on-going disruptions in the digital world have also affected the ERP landscape. 
Kuula [35] describes digital disruptions as changes that occur when new digital 
technologies that are usually accompanied by new business models “affect the value 
proposition of existing goods and services.” These include current digital disruptions,  
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Vend-
or 

Flag-
ship 

Product 
Product Features Deploymen

t 
Scor

e 

Headquart
ers/ Global 
Presence 

Epicor Epicor 
ERP 

• HCM tools, sophisticated MRP functionality, 
and powerful financial tools like being a multi-
company, accounting, and consolidation and 
allocation. 

On-
premises or 
in the cloud 

4.2 Austin, 
Texas 
(USA); 150 
countries 

IFS  • Engineer-to-order processes in asset 
management features, along with HR, project 
management, and multi-site planning. 

• Designed for medium and large enterprises in 
construction and engineering, aerospace, and 
multimode manufacturing. 

Service 
oriented 
architecture 

4.1 Itasca, 
Illinois 
(USA); /50 
countries 

Infor  • A two tiered ERP approach that focuses both on 
the front office business needs of an enterprise 
and the back end operational requirements of 
manufacturing. 

• A shared services model for a wide range of 
tasks, including accounts payable, accounts 
receivable, HCM, SCM, and customer 
management. 

• Incorporates artificial intelligence and machine 
learning functions, powerful analytics, and 
reporting functions. 

• Focuses on specific industry segments and 
verticals such as manufacturing, consumer 
goods, services, public sector, and energy. 

Cloud based 
platform 

4.3 New York, 
NY (USA) 

Micro
soft 
 

Microso
ft 
Dynami
cs 365 

• Mainly for finance and operations incorporated 
CRM features. 

• Strengths in business intelligence (BI) and real-
time multi-dimensional analytics that can be 
used in demand forecasting and product change 
management tools with granular tracking of 
products and serial numbers. 

On-
premises or 
SaaS 

4.5 Redmond, 
Washington 
(USA), 118 
countries 

Oracle 
 

Oracle 
ERP 

NetSuit
e 

• Considered a top tier provider of ERP solutions 
with both flagship products, delivering powerful 
embedded reporting and analytics tools and 
capabilities to manage assets across their 
lifecycle. 

• Oracle ERP leads in breadth and depth of 
features and functionality. 

• NetSuite focused on financial services and 
financial management with integration with 
Salesforce and other business software 
platforms. 

SaaS 4.8 Redwood 
City, 
California 
(USA) 

QAD  • Integrated platform that connects various tasks, 
such as engineering, customer service, supply 
chain, and finance, without various add-ons and 
third party additions. 

Cloud based 
framework 
to create an 
Anything-
as-a-Service 
(XaaS) 
business 
environment 

4.3 Santa 
Barbara, 
California 
(USA) 
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Vend-
or 

Flag-
ship 

Product 
Product Features Deploymen

t 
Scor

e 

Headquart
ers/ Global 
Presence 

Rootst
ock 
 

 • Integrated approach to sales, sales order 
processing, engineering, supply chain, 
production, inventory, logistics, and financials. 
Works with other leading business and financial 
applications using APIs (e.g., Salesforce). 

Cloud based 4.3 Rootstock, 
California 
(USA) 

Sage Sage 
300 
ERP 

Sage 
100c 

Sage 
Intacct 

• Offers payroll and HR products and tools with 
integration tools to products like Salesforce. 

• Focuses on construction, manufacturing, 
chemicals, food and beverage, professional 
services, and non-profits. 

• Three products with a different emphasis: 
• Sage 300 ERP: a business management platform 

for large global enterprises; 
• Sage 100c: small and medium businesses; 
• Sage Intacct: delivers financial tools. 

Cloud based 4.4 Atlanta, 
Georgia 
(USA) 

SAP SAP 
ERP 

SAP 
S/4HA
NA 

SAP 
Busines
s One 

• Pioneered the ERP space and continues to be a 
top vendor. 

• Has more than three dozen products and 
solutions for treasury and financial risk 
management tools, HR components, 
procurement, logistics, and SCM capabilities. 

• Offers solutions for predictive analytics, data 
management, machine learning, Internet of 
things, cyber security, and governance risk and 
compliance. 

On-
premises 
and cloud 
solutions 

4.7 Waldorf 
(Germany) 

SYSP
RO 

 • Offers a comprehensive set of tools and features 
aimed at managing manufacturing with an end 
to end approach focused on production, 
distribution, and inventory management. 

• Offers industry specific software for automotive, 
electronics, food and beverage, industrial 
machinery and equipment, fabricated metals, 
packaging, plastics, and rubber, etc. 

 4.5 Costa Mesa, 
California 
(USA) 

Table 2. ERP market landscape [2]. 

like cloud computing, process robotics, and visualization, as well as emerging digital 
disruptions, such as advanced analytics, blockchain, and cognitive computing [36]. 
For instance, visualization helps in presenting data generated within ERPs in ways 
that ensure they can be easily leveraged in decision-making. This may include external 
tools, such as Tableau Desktop or Microsoft’s Power BI, which give users new options 
for data processing and consumption [15]. This section will discuss several 
technological trends, namely, the Fourth Industrial Revolution, cloud computing, 
artificial intelligence, and blockchain technology. 
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5.1. Fourth Industrial Revolution 

In order to understand the Fourth Industrial Revolution, also known as Industry 4.0 or 
4IR, one has to understand the preceding industrial revolutions. The First Industrial 
Revolution lasted between mid-18th century to mid-19th century and was marked by a 
transition in an agrarian society from hand production methods to machines through 
the use of steam and water power, the distinguishing principle being machine 
productivity [37], [38]. The Second Industrial Revolution lasted between the mid-19th 
century to the early 20th century and was marked by the extensive installation of 
railroad and telegraph networks, the distinguishing principle being scientific 
management [37], [38]. The Third Industrial Revolution occurred from the mid-20th 
century until the early 21st century and characterised by the development and ubiquity 
of digital technologies and decentralized networks. ERPs were among those 
technologies that emerged during the Third Industrial Revolution. The phrase Fourth 
Industrial Revolution is attributed to the Klaus Schwab, who introduced it in 2015 
[39], [40]. This fourth phase has been characterised by automation of traditional 
manufacturing and industrial practices as well as the increasing use of smart 
technology, including large scale machine to machine communication and the Internet 
of Things that improve communication, self-monitoring, and the product of smart 
machines [41]. 

While the 4IR is increasingly being adopted by governments in their technology 
development strategies, some researchers have also noted that ERPs will form a key 
part of the 4IR agenda. For instance, in manufacturing processes, ERPs dominated 
other types of information systems [42] while in the health sector, ERPs were 
increasingly being used to integrated hospital management operations [43], [44]. 

5.2. Artificial Intelligence 

Artificial intelligence (AI) is a discipline that has existed since the 1950s and is 
described as intelligence demonstrated by machines in contrast to natural intelligence 
displayed by humans or animals [37], [45]. It has most recently received heightened 
interest with the technological developments seen in cloud computing and the 
platform created in the 4IR. An example of increased interest is seen with the 
proliferation of an increasing amount of digital content that is difficult to search. AI 
is seen as a means of enhancing search mechanisms [46]. Girasa [37] argues that there 
are three categories of artificial intelligence: artificial narrow intelligence (ANI), 
artificial general intelligence (AGI), and artificial super intelligence (ASI). These are 
seen as progressive, with ANI being limited to performing singular tasks such as 
making sales predictions or autonomously driving vehicles. AGI is considered human 
level, in which machines are able to imitate human reasoning. ASI is considered 
futuristic, in which machines will surpass human creativity, social skills, and ability 
to make complex decisions [37]. 

Basl and Marketa [47] conducted research amongst ERP system supplies and 
found that while most indicated that artificial intelligence was at the core of their 
systems, less than a quarter were actively expanding their ERP systems with artificial 
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intelligence. In their research, most responding institutions used AI in predictive 
inventory management with two thirds of those in decision support as well as data 
analysis and processing [47]. Other common AI applications include conversational 
AI platforms that include virtual assistants and chatbots, as well as predictive analytics 
models [48]. This demonstrates that most ERPs were involved in ANI and not AGI or 
ASI. 

5.3. Cloud Computing 

Mell and Grance [49] define cloud computing as a model “for enabling ubiquitous, 
convenient, on-demand network access to a shared pool of configurable computing 
resources (e.g., networks, servers, storage, applications, and services) that can be 
rapidly provisioned and released with minimal management effort or service provider 
interaction.” At the most fundamental level, there are three cloud computing service 
models [49]: 

1. Software as a Service (SaaS): Delivers software applications through a 
thin client interface so that users do not manage or control underlying 
infrastructure. 
2. Platform as a Service (PaaS): Delivers middleware used by developers 
to build and configure SaaS applications. 
3. Infrastructure as a Service (IaaS): Delivers computing power such as 
storage, network, and provision processing, used to deploy and run software. 

The ERP market has been undergoing a generational technology shift driven by 
the advent of cloud computing [3]. Cloud based ERPs emerged by the mid-2000s due 
to two perceived benefits: using closely coupled systems and moving away from 
managing on-premises ERPs [50]. 

5.3.1. Close Coupling Vs. Cloud Based ERPS 

Martinez [51] argued that ERP vendors built traditional ERP tools to be 
comprehensive, meaning they were full suites that combined BI, CRM, general ledger 
accounting, and HR applications that are tied directly to preconceived, specific 
business use cases and devices. In contrast, cloud-based ERP vendors built apps that 
are broken into separate modules that can seamlessly connect. This means that if an 
institution needs BI and CRM apps (but do not need HR management and point of 
sale [POS]) apps, it is a matter of toggling apps on or off [51]. In this way, cloud 
delivered apps allow customized and feature relevant modules, enabling institutions 
to rapidly respond to internal integration and workflow needs [52]. 

5.3.2. On-Premise Systems Vs. Cloud Based ERPs 

Most ERP vendors build everything on the same digital architecture. This means that 
one is getting the same user interface (UI) across every module—from CRM to e-
commerce to general ledger. This also means that one is only using one security 
protocol to monitor and protect the data within this architecture. The more apps that 
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one combines, the more security adjustments need to be made. In addition, at the core, 
most work uses a general ledger core. Therefore, combining ERPs from different 
vendors means duplicating the core [51]. 

Initially, traditional ERPs were built as on-premises apps. Like all enterprise 
systems, IT professionals in institutions must update them regularly to fix bugs, 
tighten security, extend current functionalities and modules, convene market and legal 
regulations, update processes, and meet the evolving organizations [50]. However, 
these processes, when conducted on-premises, have been cumbersome considering 
the granular nature of each activity and the need to monitor the technical change 
processes. 

In contrast, cloud implementations allow information technology professionals to 
update apps when new features and security patches become available [51], [53]. 
However, this also means that cloud ERP users are no longer in control of the updates 
and upgrades and maintenance decisions. As Bjelland and Haddara [50] stated, 
“maintenance and update decisions and efforts are solely triggered and conducted on 
chosen dates by ERP vendors.” 

5.4. Blockchain Technology 

Blockchain technology, which was first implemented in 2009, was the underlying 
platform designed to solve a problem with the cryptocurrency, Bitcoin, to transfer 
digital value without relying on a trusted third party [54]. The terminology is still 
confusing because the technology is evolving. For regulators in the financial world, 
the rapidly shifting and contested vocabulary is difficult to understand and govern 
[55]. Nonetheless, Lemieux, Hofman, Batista, and Joo [56] described this “technology 
of trust” as a type of distributed ledger comprised of confirmed and validated blocks 
cryptographically chained together. 

Researchers see blockchain technology as a solution to a global crisis of trust. 
Therefore, some advocates argue that the technology’s unique capabilities serve to 
negate the need for trust, calling it a trust-less technology [57], [58]. However, 
Lemieux, Hofman, Batista, and Joo [56] argued that in practice, blockchain does not 
obviate the need for trust. Instead, it replaces more traditional, and often inefficient or 
flawed, means of obtaining information and establishing trust, such as traditional legal 
contracts, with a new, more efficient source of information. The substitution does not 
negate the need for trust. It is an evolution based on incentive mechanisms, record 
creation, recordkeeping, and decentralization [56]. Blockchain has three interacting 
trust layers in technology (Figure 1). 

According to Lemieux, Hofman, Batista, and Joo [56], the social layer “is where 
social actors interact with one another and determine how much information they 
need, and in what form (e.g., by social convention, how much from the blockchain 
system and how much from other sources external to the system) in order to be able 
to trust and take action on the basis of trust.” The data or record layer “supplies the 
information that social actors have decided they need to obtain from the blockchain 
system to give them confidence to act” [56]. Finally, the technical layer “technical 
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means by which social actors interact and create, store, and obtain information about 
those interactions as tamper resistant and non-reputable proof of facts about acts” [56]. 

 

 
Figure 1. Three layer trust model for blockchain technology [56]. 

This final layer blockchain is a data structure that is technically implemented in a 
decentralized peer to peer network. It offers the possibility to define and hold both 
data and functions in single blocks [59]. 

Since the mid-2010s, there have been various efforts to develop enterprise 
blockchain that will eventually roll out blockchain as infrastructure [60]. According 
to George, Peterson, Yaros, Beam, Dibbell, and Moore [54], many current supply 
chain processes rely on non-standardised paper and digital records held among various 
parties. This often results in difficulties pinpointing problems in the chain. With 
blockchain, an ERP system can provide an integrated platform across partners and 
stakeholders, providing data that cannot be manipulated (i.e., true record) and an audit 
trail for transactions that happen within the extended ERP network [54], [61]. For this 
reason, several ERP vendors are developing blockchain platforms and protocols, such 
as SAP Cloud Platform Blockchain and Oracle Blockchain [60]. Pelz-Sharpe [60] 
expects that ERP vendors, such as SAP, Oracle, and Microsoft, will eventually be 
major infrastructure vendors for blockchain as a service (BaaS). 

In general terms, the ability of ERPs to provide network solutions is typically 
limited to implementation within the boundaries of an enterprise [62]. Therefore, only 
a truly decentralized blockchain implementation must operate outside this limitation. 
For this reason, there are efforts to integrate information technology landscapes and 
disparate ERP systems to ecosystems of blockchains. For instance, Schmidt et al. [59] 
used a unified framework for blockchain based business integration, Unibright 
Connector, to connect separate ERP systems, as illustrated in Figure 2. 

Figure 2 illustrates the ability to encapsulate communication technologies of two 
different ERPs (SAP and Oracle) with different blockchain platform channels using 
an Unibright Connector. It is also possible to use blockchain to orchestrate multiple 
workflows in both public and private blockchains for products such as smart contracts. 
Additionally, this is possible in integrated scenarios, including an ERP system, as 
illustrated in Figure 3 [59]. 

Figure 3 illustrates how an institute with access to a public blockchain 
environment tries to institute a smart contract that is connected to the institution’s ERP 
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system. This will undergo internal processing within the ERP; then it is delivered to a 
private blockchain for completion of the second and final workflow process [59]. 

 
Figure 2. Unibright Connector architecture [59]. 

 
Figure 3. Orchestrating workflows [59]. 
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6. Discussion and Conclusion 
Of the four trends discussed in the paper, cloud computing is the one most frequently 
reported because it is seen as a drastic gateway to modernization compared to previous 
ERP solutions [47]. Nonetheless, 4IR platforms, particularly the opportunities to 
connect ERPs to smart devices, open up huge opportunities to harness real-time data 
and support decision making within institutions [45], [47]. 

Figure 4 illustrates how ERP innovations are possible with a digital core and cloud 
PaaS from vendors that support varied technologies [36]. On the outer core of the 
illustration are various technologies discussed in this article. Starting clockwise from 
the top, these technologies are networking platforms, machine learning, blockchain, 
android devices, SAP Leonardo, wearable devices, technology in scientific research, 
mobile devices, industrial robotics, artificial intelligence, and Apple devices [63] – 
[67]. 

 

Figure 4. ERP innovation [36]. 

As Figure 4 demonstrates, cloud computing makes it easy for institutions to use 
ERPs on mobile devices [68]. 

In 2019, Gartner stated that ERP systems were one of the largest categories of 
enterprise software spending and added that by 2022, 30% of large enterprises will 
have moved to a platform and product-centric approach with standardized ERP 
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capabilities at the platform core [69]. This continued growth partly illustrates why 
ERP systems remain vital enabling technologies within institutions. This article has 
provided a brief overview of the ERP market landscape. While there have been many 
ERP vendors since its start in the 1940s, some have disappeared through 
mergers/acquisitions, while others have emerged [30]. 

Since the early 2000s, new digital innovations have impacted the ERP landscape, 
including advanced analytics, cognitive computing, and visualization [36]. The digital 
revolution has been characterised by the convergence of technologies that improve 
the efficiency and effectiveness of business processes [70]. This article examined how 
four trends, 4IR, AI, cloud computing, and blockchain technology, have impacted and 
continue to impact the trajectory of developments within the ERP market. While the 
discussion was limited to these technologies, there are many other trends, including 
open source ERP models as well as machine learning [71], [72]. These discussions 
are necessary for the current ecosystems within ERP systems because it is easy to get 
lost in the complexity of the rapidly evolving market landscape. The impact of 
external influences from such technologies requires working outside an ERP’s 
ecosystem. Therefore, this fundamentally challenges how future ERPs will be built 
and used [73]. All these considerations are critical for information management 
professionals in their quest to fulfil their institutional mandates, particularly since 
discussions on ERPs systems and current developments may not be included in formal 
education and training [74],[75]. 
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Abstract 
This study's subject represents the processes of functioning of information flows in a 
network information system through the use of fuzzy sets. It considers the 
possibilities of fuzzy sets in the information flows distribution problems of the 
Network Information System by the development of mathematical tools. In the 
theoretical part of the study, the main issue was the description of the fuzzy approach. 
In the empirical part of the study, the main concern was finding out the reasons for the 
fuzzy approach's advantages. The main results of the study: proof of the identity 
between the functioning of the analytical data; held the solution of the optimization 
problem based on the formulated analytical models; comparison of the usage of fuzzy 
logic with a different statistical method; demonstrated the advantage of fuzzy 
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approach in modeling processes network information system. The results can be 
applied in the field of information systems and technologies. 
Keywords: information systems, network information systems, information flows, 
fuzzy sets, mathematical modeling 

1. Introduction  
Any organization is characterized by a constant change process, explained by the 
creation and application of new methods in all areas of human activity. The rise of 
pervasive information and communication technologies seen in cyber-physical 
systems, the internet of things, and blockchain services has been accompanied by a 
tremendous growth in the size and complexity of systems [1]. At present, most 
various organizations' work is mainly associated with the use of information 
systems. The organization's success depends on the functioning of the latter and on 
the degree of correspondence between the problems they solve. 

The primary function of the information network system is to provide integrated 
information space. Therefore, the primary vector of development in this area is 
studying the mechanisms of distribution and competition of information. The story 
of the information space largely depends on a quantitative change in the amount of 
data and increasing the complexity of the processes included in it [2].  

By information network system (INS) is usually understood as a complex 
hardware and software structure that includes ergatic, technical, or hardware 
elements and is included directly in a computer system or computing machine for 
data transmitting, storing, and processing [3]. The INS has many advantages from 
modularity, reduced complexity, and memory requirements [4]. 

Considering modern sources of INS modeling, we can say that the most widely 
used technology for providing a set of computing resources or their logical 
combination is implementing user operations on a PC. Currently, researchers have 
identified many systems that consist in the ability of a particular type of signs to be 
replaced by characters concerning another class, the capabilities of which are 
focused on identifying many parameters and not just solving the problem of 
analyzing the configuration of the studied system [5].  

The set of methods and techniques for organizing information processes in the 
INS is the content of forming an information resource. The INS's structural 
composition and its direct impact on creating and maintaining an integrated 
information space indicate an incredibly important component that provides all the 
fundamental processes of a network information system - the information flow.  

The information flow is a tool of the logistics system. A few measures of 
information flow have been proposed previously in the literature, and actions of 
directed causal influence are currently being used as a heuristic proxy for 
information flow. However, there is no rigorous treatment of the problem with 
formal definitions and clearly stated assumptions. The process of defining 
information flow is often conflated with the issue of estimating it [6]. A modern way 
of solving the above problem is to make it language-based. That is: to enrich a 
programming language with features that specify or control the flow of data so that 
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modularity, reduced complexity, and memory requirements [4]. 

Considering modern sources of INS modeling, we can say that the most widely 
used technology for providing a set of computing resources or their logical 
combination is implementing user operations on a PC. Currently, researchers have 
identified many systems that consist in the ability of a particular type of signs to be 
replaced by characters concerning another class, the capabilities of which are 
focused on identifying many parameters and not just solving the problem of 
analyzing the configuration of the studied system [5].  

The set of methods and techniques for organizing information processes in the 
INS is the content of forming an information resource. The INS's structural 
composition and its direct impact on creating and maintaining an integrated 
information space indicate an incredibly important component that provides all the 
fundamental processes of a network information system - the information flow.  

The information flow is a tool of the logistics system. A few measures of 
information flow have been proposed previously in the literature, and actions of 
directed causal influence are currently being used as a heuristic proxy for 
information flow. However, there is no rigorous treatment of the problem with 
formal definitions and clearly stated assumptions. The process of defining 
information flow is often conflated with the issue of estimating it [6]. A modern way 
of solving the above problem is to make it language-based. That is: to enrich a 
programming language with features that specify or control the flow of data so that 
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the programs we write are correct [7]. The determining area of importance of 
information flows mainly to the management domain. It is impossible to build an 
effective management system without a well-ordered flow of information through its 
transmission channels. Information flows are the basis of the information system of 
any organization. Information flows of a course represent the functional and 
structural organization of the studied object in terms of decision-making 
mechanisms within the system. 

Since any organization's information system refers to the totality of subjects and 
means of transmitting various types of data, the INS, given the vector of 
technological exchange of information, is one of the main elements of the structure 
of the information system. In the INS process, the main difficulties arise when the 
need for analyzing and monitoring changes in information flows increases. 
Information resources are dynamic by nature. Changes in external conditions that 
border the INS's functioning and the untimely receipt of the information lead to 
several negative consequences. In particular, this is a significant problem for 
production facilities, which use network systems as a basis for their computer-aided 
data management. "In those cases, when the requirements for the process of 
functioning of information flows inside the INS are forced to change constantly, the 
efficiency of the INS rapidly decreases" [1]. This idea explains the relevance of the 
search for solutions for a more effective solution to the distribution of information 
flows in the INS.  

The object of this article is the functioning of the information network system.  
The study's subject is the presentation of the processes of functioning of 

information flows in the INS through the use of fuzzy sets.  
This article's purpose is to consider the possibilities of fuzzy sets in information 

flows distribution problems of the INS by the development of mathematical tools. 

2. Literature Review 
Researchers study the distribution of information flows from different points of 
view. Thus, Gromov considers the process of distribution of information flows in a 
network information system [4]. Minchenko highlights the streaming networks' 
performance parameter [8]. Many authors also consider the principle of building 
structures for the distribution of information flows; in particular, Osin highlights 
methods for modeling network information systems and the usage of fully 
polynomial approximation schemes for solving multi-product flow problems [5]. 
Other authors present a presheaf theoretic approach to the construction of fuzzy sets, 
which builds on Barr's description of fuzzy sets as sheaves of monomorphisms on a 
locale [9] and propose definitions of limits of sequences of fuzzy sets, and limits and 
derivatives of fuzzy set-valued mappings [10]. Jezewski, Czabanski, and Leski 
defined the real possibilities of describing fuzzy sets and operations on them [11]. 
Also, other researchers, such as Andrew J. Blumberg and Michael Lesnick when 
establishing homotopy-theoretic foundations for topological data analysis (TDA), 
introduced and study homotopy interleavings between filtered topological spaces 
using fuzzy sets' method as a basic [3].  
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Previously, the distribution of INS information flows using fuzzy set methods 
was not considered in detail. Moreover, the usage of fuzzy logic is currently limited 
to modeling linguistic variables and is not widely used in the field of information 
systems [12]. However, the distribution of INS information flows refers to 
optimization tasks in conditions of uncertainty. 

When characterizing the work of INS, most researchers also highlight an 
element of uncertainty, which appears due to the following reasons:  

• the impossibility of accurate measurements of information flow parameters; 
• the use of values close to average in the qualitative and quantitative 

measurement of information flows;  
• a significant difference in the values of the transmitted flows from the 

average of their values;  
• a constant change in the bandwidth capacities of the elements of the INS 

structure caused by the influence of external factors.  
The above-listed explains that the INS parameters cannot be determined under 

predetermination conditions since the requirements imposed by the user on the 
transmission of information flows are initially unknown [11]. Moreover, these 
factors determine the specifics of modeling the distribution of information flows in 
the INS. Thus, the researchers found that "the use of graph theory in conjunction 
with the theory of fuzzy sets" seems to be the most accurate way to build analytical 
models of INS functioning that can reflect the non-determinism of ongoing 
processes [11]. 

Information properties of a large set of distributed objects differ from the model 
object's properties, both quantitatively and qualitatively [13]. Considering the 
functioning of information flows in the INS, the information resource itself acquires 
many properties, which should be reflected in the mathematical model of processes. 
The main difficulty in distributing information flows is the existing feature of the 
basic model for the analysis of functioning information flows, which includes two 
different levels: low and high, which means, respectively, open and classified 
information. The information should not be allowed to flow from high to low 
variables. Also, before direct modeling of INS information flows, it is necessary to 
monitor procedures with high information complexity. So, it becomes possible to 
identify the following problems: 

• The procedure has more than one function. 
• The procedure is a stress point in the system (with information traffic). 
• The procedure has excessive functional complexity. 
High informational complexity implies possible advanced testing or redesign 

procedures. These parameters must be taken into account when modeling, which 
complicates the use of traditional logic. 

In terms of INS, it is worth noting that "one of INS's main properties is their 
topological dimension Dс" [13]. Many of INS properties depend on the dimension 
measurement Dс, which is expressed in a standard form as a functional relation of 
the type "network quality = f (Dc)". When considering "the functioning of 
information flows in the INS in a topological dimension, it becomes possible to 
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quantitatively express the properties of the network and find the general information 
laws of the movement of data flows" [13].  

In addition to considering information flows in the dimension determined by the 
most important invariant of the INS topological space (coverage), there are entirely 
polynomial approximation schemes used as a group of effective methods computing 
schemes. A completely polynomial approximation scheme is considered an 
algorithm for solving combinatorial problems. The option differs from the optimal 
one by no more than an individual tolerance, at which the level of accuracy acts as a 
new parameter [5].  

Linear programming methods, albeit with significant labor costs, can solve the 
problems of distributing information flows in the INS. However, in the practical 
application of such a methodology, it becomes impossible to consider many 
parameters, which, in turn, leads to enormous miscalculations. Thus, the importance 
of using methods that could be characterized by the ability to find close to optimal 
values of variables in a given accuracy is growing.  

Human thinking is often associated with fuzzy information originating from 
initially inaccurate concepts formulated by a human being. Moreover, diversity 
measures can be computed over different types of data and in a multitude of 
contexts. Access to data contracts or representations of different real phenomena has 
allowed for an explosive extension of quantitative studies' reach in many disciplines 
[14]. The abilities of traditional computational methods developed based on the 
classical theory of sets, and two-valued logic cannot cope with unreliable and 
incomplete information. They cannot give expert conclusions on these parameters. 
In particular, this is a problem in the mathematical modeling of decision-making 
processes based on various data types. 

Today, the managers of production facilities, where the functioning of the INS is 
the main technical parameter, are in search of flexible IT solutions for managing 
information circulating within the facility. Thus, today it is customary to use 
additional modules of already established planning systems. However, in the 
absence of such an opportunity, computer programs for quick calculations are taken 
as the basis [10]. Nevertheless, greater interest in the top management of facilities is 
observed towards the use of fuzzy logic methods in distributing information flows in 
the INS of a facility since it is impossible to obtain accurate measurements of the 
values of information flows. The importance of the volumes of transmitted the 
information flows obtained in this way instantly differs significantly from the 
average cost.  

The advantage of using fuzzy logic methods is justified by interpreting the 
concept of "truth." So, by "truth," it is customary to understand any linguistic 
variable that takes the meaning of phrases from natural or artificial languages [10]. 
So, when creating a mathematical model of any process, it becomes possible to 
consider more accurate indicators, which is especially important when solving 
problems with information flows. The accuracy then determines compliance with all 
the main parameters and principles of the functioning and distribution of information 
flows.  
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3. Research Methods 
We specified the linguistic variable (x, T, U, G, M). Where x is the name of the 
variable; T is a term set, each element of which (term) represents as a fuzzy set on a 
universal stage U; G - syntax rules, often in the form of grammar, generating the 
name of the terms; M - semantic rules defining membership functions of fuzzy terms 
generated by the syntactic rules G” [10]. Using a linguistic variable in modeling 
makes it easier to implement the decision-making process. 

Unlike classical sets, fuzzy sets do not have a clear boundary. The transition 
from a state of membership to a group to going beyond its borders is characterized 
by membership functions that allow using fuzzy logic methods to observe flexibility 
in modeling the linguistic expressions used. Moreover, fuzziness arises not because 
of the set's constituent element's randomness but because of the uncertain and 
inaccurate nature of abstract thoughts and concepts [15].  

The fuzzy approach does not intend to replace the most straightforward analysis 
in search of reasonable accuracy; on the contrary, it facilitates the problem of 
formulating inaccurate restrictions [16]. This fact is why as a result of the integration 
of approaches from the point of view of set theory and approaches from the point of 
view of classical programming, it becomes possible to create new methods in 
managing information flows.  

The forms of fuzzy description of information “at input” in management and 
decision-making problems may vary. It indicates significant differences in the 
mathematical formulations of the fuzzy mathematical programming problems. 

Before moving on to fuzzy modeling of the distribution of information flows in 
the INS, it is necessary to explain the main concepts and operations inherent in 
problems solved within fuzzy sets. It is customary to denote any arbitrary set X. A 
fuzzy set is A defined by using the form's membership function as follows: X → 
[0,1] µ A. The value µA (x) is a number whose value satisfies the interval [0,1].  

The equality µA (x) = 1 indicates the exact membership of x to the set A; the 
equality (x) = 0 µA shows the exact non-membership of x to A. For a standard set, 
the membership function takes the form as follows:  

𝜇𝜇𝑌𝑌 = {0, 𝑥𝑥 ∉ 𝑌𝑌,
1, 𝑥𝑥 ∈ 𝑌𝑌  (1) 

Provided that the fuzzy set A is normalized, i.e., there exists an element x such 
that µA(x) = 1 [17].  

Let's take two arbitrary fuzzy sets for A and B. Membership functions, by 
definition, will give the result of the operations of combining, intersecting, and 
complement A on fuzzy sets, which we can express as follows: 

𝜇𝜇𝐴𝐴∪𝐵𝐵(𝑥𝑥) = max(𝜇𝜇𝐴𝐴(𝑥𝑥), 𝜇𝜇𝐵𝐵(𝑥𝑥)), (2) 
𝜇𝜇𝐴𝐴∩𝐵𝐵(𝑥𝑥) = min(𝜇𝜇𝐴𝐴(𝑥𝑥), 𝜇𝜇𝐵𝐵(𝑥𝑥)), (3) 

𝜇𝜇𝐴̅𝐴(𝑥𝑥) = 1 − 𝜇𝜇𝐴𝐴(𝑥𝑥) (4) 
Before implementing fuzzy information about the ratio of the limiting number 

(bandwidth capacity) of structural elements, the volume of transmitted information 
flows. Several requirements for them in the INS, according to the theory of fuzzy 
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universal stage U; G - syntax rules, often in the form of grammar, generating the 
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by membership functions that allow using fuzzy logic methods to observe flexibility 
in modeling the linguistic expressions used. Moreover, fuzziness arises not because 
of the set's constituent element's randomness but because of the uncertain and 
inaccurate nature of abstract thoughts and concepts [15].  

The fuzzy approach does not intend to replace the most straightforward analysis 
in search of reasonable accuracy; on the contrary, it facilitates the problem of 
formulating inaccurate restrictions [16]. This fact is why as a result of the integration 
of approaches from the point of view of set theory and approaches from the point of 
view of classical programming, it becomes possible to create new methods in 
managing information flows.  
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Provided that the fuzzy set A is normalized, i.e., there exists an element x such 
that µA(x) = 1 [17].  

Let's take two arbitrary fuzzy sets for A and B. Membership functions, by 
definition, will give the result of the operations of combining, intersecting, and 
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sets, fuzzy LR [11] numbers of the form ALR = (AM, AL, AR) are used, where AM –
mode and AL, AR are the fuzziness coefficients of the LR-number ALR.  

When performing operations on fuzzy numbers of the form LR, it is necessary to 
note the identity between the functioning analytic representations of the fuzzy 
number forms L(y) and R(y). Thanks to them, it becomes possible to bring the 
membership functions (5) as close as possible to the observed values of the INS 
parameters [18], where L(y) and R(y) are analytical models for representing the 
shape of a fuzzy LR number: 

𝜇𝜇(𝑥𝑥, 𝐴𝐴𝐿𝐿𝐿𝐿) = {
𝐿𝐿 (𝐴𝐴𝑀𝑀−𝑥𝑥

𝐴𝐴𝐿𝐿
)  𝑎𝑎𝑎𝑎 𝑥𝑥 ≤ 𝐴𝐴𝑀𝑀

𝑅𝑅 (𝑥𝑥−𝐴𝐴𝑀𝑀
𝐴𝐴𝑅𝑅

) 𝑎𝑎𝑎𝑎 𝑥𝑥 ≥ 𝐴𝐴𝑀𝑀
 (5) 

To find as close as possible to the optimal values of the variables in a given 
accuracy as functions L(y) and R(y) Osin proposed an analytical model for 
representing the form of a fuzzy LR-number of the type indicated later in this study 
as – (6), which allows one to build numbers that have many ways of membership 
functions; besides, the model proposed by Osin can replace other used functions [5]: 

𝐹𝐹(𝑥𝑥, 𝑝𝑝1, 𝑝𝑝2) = (max(0,1 − |𝑥𝑥|𝑝𝑝1))𝑝𝑝2 (6) 
where  p1, p2 – function parameters, at p1 > 0, p2 > 0. 
When distributing information flows in the INS, it is necessary to consider that 

each output and input pair has many methods that can identify the maximum 
transmission efficiency [11]. The INS structure, in this case, will become supreme. 
Since it is precisely on this parameter that the dependence of the methods for 
fulfilling each pair's requirements at different levels will be determined, thereby 
ensuring conflict-free transmission when an increase in one pair's transmitted 
information flow does not reduce that for the other pair. To determine these levels, 
Osin proposed to “consistently solve the optimization problem” [5], the author’s 
analytical model of which has the following form F(𝑓𝑓)→max: 

𝐹𝐹(𝑓𝑓) = 𝑘𝑘1𝐹𝐹1(𝑓𝑓) + 𝑘𝑘2𝐹𝐹2(𝑓𝑓) + 𝑘𝑘3𝐹𝐹3(𝑓𝑓) + 𝑘𝑘4𝜃𝜃(7) 
in accordance with the restrictions: 

𝐹𝐹1(𝑓𝑓) = 
∑ (𝑁𝑁 𝑚𝑚𝑚𝑚𝑚𝑚𝑖𝑖 − |𝑓𝑓𝑙̃𝑙|)𝑖𝑖=1,𝑝𝑝̅̅ ̅̅̅

∑ (𝑁𝑁𝑚𝑚𝑚𝑚𝑚𝑚𝑖𝑖− 1)𝑖𝑖=1,𝑝𝑝̅̅ ̅̅̅
 , 

F2(𝑓𝑓) = ∑ (𝐿𝐿𝑚𝑚𝑚𝑚𝑚𝑚𝑖𝑖 −  ∑ 𝐿𝐿(𝑓𝑓𝑖𝑖,𝑗̃𝑗)𝑗𝑗=1,|𝑓𝑓𝑖𝑖|
|𝑓𝑓𝑖𝑖 ̃|

)𝑖𝑖=1,𝑝𝑝̅̅ ̅̅ , 

F3(𝑓𝑓) = 
∑ ∑ 𝑓𝑓𝑖𝑖,𝑗̃𝑗𝑗𝑗=1,|𝑓𝑓𝑖𝑖|̃𝑖𝑖=1,𝑝𝑝̅̅ ̅̅̅

∑ 𝑑𝑑𝑖̃𝑖𝑖𝑖=1,𝑝𝑝̅̅ ̅̅̅
 , ∀e : ∑ 𝑓𝑓 ̃(𝑃𝑃) ≤̃𝑃𝑃:𝑒𝑒∈𝑃𝑃 𝑐𝑐 ̃(𝑒𝑒), 

0 ≤ F1(𝑓𝑓) ≤ 1, 0 ≤ F2(𝑓𝑓) ≤ 1, 0 ≤ F3(𝑓𝑓) ≤ 1 
where  k1 – k4 – weighting factors set by the decision maker;  
k1 + k2 + k3 + k4 = 1; 
F1(𝑓𝑓), F2(𝑓𝑓) are estimated 𝑓𝑓 by the number of information flows and nodes in 

them;  
Nmaxi and Lmaxi – the maximum possible number of components and the path 

length for the information flow i; 
|𝑓𝑓𝑖̃𝑖| – a number of components for i flow in distribution 𝑓𝑓; 
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L(𝑓𝑓𝑖𝑖,𝑗𝑗) – a path length of j component;  
F3(𝑓𝑓) – the total fulfilment of the requirements of gravitating pairs;  
θ assesses the lower limit of security requirements; 
𝑐̃𝑐(e) – the capacity of arc e; 
P – the information flow transmission path; 
𝑓𝑓(P) ~ – a volume of information flow transmitted along the path P [18]. 
The analytical models for representing the type of a fuzzy LR number shown in 

formulas (6) and (7) of this article can formalize non-deterministic data on the 
parameters of information flows in the INS in the form of LR numbers and then 
determine the degree of efficiency of their distribution. It considers all the 
parameters formalized by the model based on fuzzy logic's concepts and properties 
[19]. Namely, the structure of information flows, which means managing complex 
problems, such as load balancing, processor synchronization, and access to 
information, are taken into account. 

Since fuzzy sets are a generalization of the classical ones known to us, the 
operations should be reduced to the ones we are familiar with in particular cases. 
Functions must be defined outside of the theory of fuzzy mathematics itself and, 
therefore, its adequacy cannot be verified by means of the approach itself. Based on 
the essence of subjective evaluations, the function can only be constructed based on 
expert assessment. In our task evaluating the distribution's effectiveness as a fuzzy 
composite option is based on the work by Geske [20]. The transition to formulas 
suitable for fuzzy sets is made using the expansion principle. Applying the extension 
principle to arithmetic operations and trapezoidal fuzzy numbers, we get the 
following rules for addition and subtraction (Figure 1). 

 
Figure 1. Trapezoidal and triangular numbers. 

(𝑎𝑎1, 𝑎𝑎2, 𝑎𝑎3, 𝑎𝑎4) + (𝑏𝑏1, 𝑏𝑏2, 𝑏𝑏3, 𝑏𝑏4) = (𝑎𝑎1 + 𝑏𝑏1, 𝑎𝑎2 + 𝑏𝑏2, 𝑎𝑎3 + 𝑏𝑏3, 𝑎𝑎4 + 𝑏𝑏4)   (8) 
(𝑎𝑎1, 𝑎𝑎2, 𝑎𝑎3, 𝑎𝑎4) − (𝑏𝑏1, 𝑏𝑏2, 𝑏𝑏3, 𝑏𝑏4) = (𝑎𝑎1 − 𝑏𝑏4, 𝑎𝑎2 − 𝑏𝑏3, 𝑎𝑎3 − 𝑏𝑏2, 𝑎𝑎4 − 𝑏𝑏1)   (9) 
The use of fuzzy logic elements in calculus tools is not limited to the values 

"true" and "false." Here we see the main advantage of fuzzy logic in creating an 
empirical knowledge model that determines which control actions should be 
performed for a given input data set. 
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To determine the effectiveness of using fuzzy sets, consider distributing the 
information flow of a network information system in three stages. In this problem, 
unlike the previous calculations, the fuzzy set method will be used as an auxiliary 
method since this type of situation is optional (Figure 2). 

 
Figure 2. The illustration of the problem. 

It is assumed that at the beginning of each stage, an absolute return of 
information is made (costs); we denote the value of the return of information at each 
stage C1, C2, C3, respectively. In addition to distributing existing data, the 
information flow receives an additional data set during each stage. This condition is 
vital when moving to each next step. Let S denote the receipt of information leading 
to the beginning of the third stage of distribution. It is assumed that 
C1, C2, C3, S are fuzzy numbers obtained by expert analysis. The fuzzy variables 
must be centered to perform calculations. It makes it possible to reduce operations to 
addition, subtraction, and multiplication. When switching to operations for fuzzy 
sets, this property is of great importance for further visualization of the obtained data 
under homotopy topology conditions [17]. Let T1, T2 be the time for passing the 
first and second stages, and r be the parameter that determines the information flow's 
efficiency. 

Now we should move on to make formulas for solving the problem. Based on 
the above analysis of the issues, it is necessary to distinguish the following 
properties: the identity between functioning analytical representations (5); the INS 
structure parameter determines how to fulfill the flow requirements at different 
levels, thus ensuring conflict-free transmission (7). We consider the following task 
as the task of effective distribution the information flow of a network information 
system. Thus, we calculate the INS information flow distribution efficiency using 
our formula based on the real option’s method. Using the real options method, it 
becomes possible to consider improving specific parameters at the stage of 
evaluating the effectiveness of a particular technology. Thus, we calculate the 
efficiency of the INS information flow distribution using our formula, which is 
based on the real option’s method, where we are going to estimate an evaluating the 
current distribution of information flow: 
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To determine the effectiveness of using fuzzy sets, consider distributing the 
information flow of a network information system in three stages. In this problem, 
unlike the previous calculations, the fuzzy set method will be used as an auxiliary 
method since this type of situation is optional (Figure 2). 

 
Figure 2. The illustration of the problem. 

It is assumed that at the beginning of each stage, an absolute return of 
information is made (costs); we denote the value of the return of information at each 
stage C1, C2, C3, respectively. In addition to distributing existing data, the 
information flow receives an additional data set during each stage. This condition is 
vital when moving to each next step. Let S denote the receipt of information leading 
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must be centered to perform calculations. It makes it possible to reduce operations to 
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the above analysis of the issues, it is necessary to distinguish the following 
properties: the identity between functioning analytical representations (5); the INS 
structure parameter determines how to fulfill the flow requirements at different 
levels, thus ensuring conflict-free transmission (7). We consider the following task 
as the task of effective distribution the information flow of a network information 
system. Thus, we calculate the INS information flow distribution efficiency using 
our formula based on the real option’s method. Using the real options method, it 
becomes possible to consider improving specific parameters at the stage of 
evaluating the effectiveness of a particular technology. Thus, we calculate the 
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based on the real option’s method, where we are going to estimate an evaluating the 
current distribution of information flow: 
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𝑉𝑉 = 𝑆𝑆𝑒𝑒−𝛿𝛿𝑇𝑇2𝑀𝑀 (𝑎𝑎1, 𝑏𝑏1;√
𝑇𝑇1
𝑇𝑇2
) − 𝐶𝐶3𝑒𝑒−𝑟𝑟𝑇𝑇2𝑀𝑀 (𝑎𝑎2, 𝑏𝑏2; √

𝑇𝑇1
𝑇𝑇2
) − 𝐶𝐶2𝑒𝑒−𝑟𝑟𝑇𝑇1𝑁𝑁(𝑎𝑎2) (10) 

where: 

𝑎𝑎1 =
𝑙𝑙𝑙𝑙[𝐸𝐸(𝑆𝑆)/𝑆𝑆𝑐𝑐]+(𝑟𝑟−𝛿𝛿+𝜎𝜎2

2 )𝑇𝑇1
𝜎𝜎√𝑇𝑇1

 , 𝑎𝑎2 = 𝑎𝑎1 − 𝜎𝜎√𝑇𝑇1, (11) 

𝑏𝑏1 =
𝑙𝑙𝑙𝑙[𝐸𝐸(𝑆𝑆)/𝐸𝐸(𝐶𝐶3)]+(𝑟𝑟−𝛿𝛿+

𝜎𝜎2
2 )𝑇𝑇2

𝜎𝜎√𝑇𝑇2
 , 𝑏𝑏2 = 𝑏𝑏1 − 𝜎𝜎√𝑇𝑇2, (12) 

𝜎𝜎 = √𝑉𝑉𝑉𝑉𝑉𝑉(𝑆𝑆)
𝐸𝐸(𝑆𝑆)  –  a statistical indicator that characterizes variability, 

𝛿𝛿 = 𝐸𝐸(𝐶𝐶1)
𝐸𝐸(𝑆𝑆)  – the amount of information received at each of the three stages, 

N(a) – the standard normal distribution function,  
E(S) – the expected value of the distribution efficiency of information flow,  
M(a,b;ρ) – is the cumulative function of the double normal distribution with the 

correlation coefficient ρ (that is, the cumulative function of a pair of standard 
normally distributed random variables, the correlation between which is equal to ρ), 
and the critical value of the information flow distribution INS Sc is the root of the 
following equation: 

𝑆𝑆𝑐𝑐𝑒𝑒−𝛿𝛿(𝑇𝑇2−𝑇𝑇1)𝑁𝑁(𝑐𝑐1) − 𝐸𝐸(𝐶𝐶3)𝑒𝑒−𝑟𝑟(𝑇𝑇2−𝑇𝑇1)𝑁𝑁(𝑐𝑐2) − 𝐸𝐸(𝐶𝐶2) = 0, (13) 
where: 

𝑐𝑐1 =
ln[𝑆𝑆𝑐𝑐/𝐸𝐸(𝐶𝐶3)]+(𝑟𝑟−𝛿𝛿+

𝜎𝜎2
2 )(𝑇𝑇2−𝑇𝑇1)

𝜎𝜎√𝑇𝑇2−𝑇𝑇1
, (14) 

𝑐𝑐2 = 𝑐𝑐1 − 𝜎𝜎√𝑇𝑇2 − 𝑇𝑇1, (15) 
Thus, it becomes possible to calculate the efficiency of the INS information flow 

distribution that passes through the three stages of the problem condition. Let C1 = 
(40,50,60), C2 = (280,300,320), C3 = (630,700,770), S = (2000,2500,3000), these are 
estimates of the return of information from all three stages as a result of the 
distribution of the information flow INS by means of fuzzy numbers. Let T1 = 3, T2 
= 5, r = 5% .  

Then 
E(S) = 2500, 

Var(S) = 41666.7, 
E(C3 ) = 700, 

Var(C3 ) = 816.7, 
E(C1) = 50. 

where σ = 0.082, δ = 0.02.  
The critical value is approximately equal to Sc = 971.47. 
Therefore, we have: 

a1 = 7.39, 
a2 = 7.25, 
b1 = 7.89, 
b2 = 7.7. 

As a result, we get the following estimate of the information flow distribution 
INS: 
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V = (934.57, 1458.72, 1982.87). 
As a validation of the proposed model, solved using the fuzzy set methodology, 

it is proposed to use the following scheme (Figure 3). 

 
Figure 4. Validation scheme. 

Thus, the model's representation and its solution via the fuzzy set method are 
reflected in the formulas (10-15). It should be noticed that the following process 
requires analytical analysis when choosing the solution result. We can also note that 
the solution involves many conditions to be met, which makes it difficult to make 
changes to the parameters' values, which, due to their fuzziness, can significantly 
complicate the process of finding solutions.  

To compare the results' accuracy, we do the calculation through a numerical 
solution without introducing fuzzy numbers. Thus, the evaluation of the efficiency 
of the INS information flow distribution by calculating the efficiency depending on 
the expected addition of quality data at the end of the third stage is equal to: 

V = (850, 1450, 2050). 
As for high-precision solutions the tangent method is used (Figure 5). In this 

method the calculation is performed by using the approximate numbers. 
According to Figure 6, we have: 
𝑎𝑎 − the left border of the section 
𝑏𝑏 − the right border of the section 
𝜀𝜀 − given accuracy 
𝑖𝑖𝑚𝑚𝑚𝑚𝑚𝑚 − a maximum number of iterations 
𝑥𝑥 − the approximate value of the root 
𝑓𝑓𝑥𝑥 − the value of the function at x 
𝛿𝛿 − the achieved accuracy 
𝑖𝑖 − a number of iterations 
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Figure 5. Geometric illustration of the tangent method. 

The following algorithm for finding variables is applied to Figure 6. 
 

 
Figure 6. The algorithm of the tangent method. 
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According to our problem, we get the following equation: 
𝑆𝑆c = 𝑉𝑉 + 𝐶𝐶3𝑒𝑒−𝑟𝑟𝑇𝑇2 + 𝐶𝐶2𝑒𝑒−𝑟𝑟𝑇𝑇1  (16) 

It is necessary to present the found parameter V – an indicator of the efficiency 
of information flow distribution as a function. By entering all the necessary notation, 
we get the following equation: 

𝑓𝑓(𝑉𝑉) = 𝑉𝑉 + 𝐶𝐶3𝑒𝑒−𝑟𝑟𝑇𝑇2 + 𝐶𝐶2𝑒𝑒−𝑟𝑟𝑇𝑇1  (17) 
We use the previous calculations to enter the values of known variables. Using 

Figure 3, we assume that the separation of the roots is made and there is one root 
located on the interval [a, b], which must be specified with the error ε. 

So, we have 𝑓𝑓(𝑎𝑎)𝑓𝑓(𝑏𝑏) < 0. 
Define half of the segment 𝑐𝑐 = 1/2(𝑎𝑎 + 𝑏𝑏) and calculate f(c). We check the 

following conditions: 
1. If |f(c)| < ε, then c is the root. Here ε is the specified accuracy; 
2. If f(c) f(a)<0, then the root lies in the interval [a, c]; 
3. If f(c) f(b)<0, then the root lies on the segment [c, b]. 
Continuing the process of half division in the selected subintervals, you can 

reach an arbitrarily small segment containing the root ξ. 
Since the interval where the root is located is halved for each iteration, then after 

n iterations the interval will be equal to: 
𝑏𝑏𝑛𝑛 − 𝑎𝑎𝑛𝑛 = 1/2(𝑏𝑏 − 𝑎𝑎). 

As the root of ξ. take 1/2(𝑎𝑎𝑛𝑛 + 𝑏𝑏𝑛𝑛). Then the error in determining the root will 
be equal to (𝑏𝑏𝑛𝑛 − 𝑎𝑎𝑛𝑛)/2. If the condition is met: (𝑏𝑏𝑛𝑛 − 𝑎𝑎𝑛𝑛)/2 < 𝜀𝜀. 

Then the search process ends and ξ = 1/2(𝑎𝑎𝑛𝑛 + 𝑏𝑏𝑛𝑛). 
The number of steps required to achieve the specified accuracy is determined by 

the inequality: 
ℎ ≥ (log2

𝑏𝑏−𝑎𝑎
𝜀𝜀 ) + 1. 

Calculating the efficiency of information flow distribution, we get the following 
results (Table 1). 
 

No. c a b f(c) f(V) ε 

1 0 0 10 -4510 2500 10 
2 -5 -5 0 2500 -1005 5 
3 -2.5 -2.5 0 -1005 747.5 2.5 
4 -3.75 -3.75 -2.5 747.5 -128.75 1.25 
5 -3.125 -3.125 -2.5 -128.75 309.375 0.625 
6 -3.4375 -3.4375 -3.125 309.375 90.3125 0.3125 
7 -3.5938 -3.5938 -3.4375 90.3125 -19.2188 0.1563 

Table 1. The iterations of the root. 

The estimate calculated without introducing fuzzy numbers was more general: 
the lower bound of the corresponding fuzzy number differs by 10%, the most 
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possible value – by 0.5%, and the upper bound-by 3%. This confirms the idea that 
using the fuzzy set method in information flow distribution problems allows us to 
see the most accurate data with an accuracy of 0.01. 

4. Findings 
Considering the problem of distributing the INS information flows, we highlight the 
primary definition of the possible efficiency of distribution, implying that specific 
parameters can change. Using our formula based on calculating cash flows, we were 
able to get more accurate estimates when using operations with fuzzy sets to obtain 
numerical values.  

The above analysis of the use of fuzzy models in the distribution of information 
flows in the INS allows us to highlight the following advantages: 

• modeling of dynamic problems, the results of various studies, as well as 
operations on them;  

• fuzzy presentation of the formalization of evaluation and comparison 
criteria;  

• the use in the calculation of not only data values, but also their parameters, 
and the subsequent distribution in the system based on productive models; 

• reduction of time and labor costs when modeling complex dynamic systems 
and comparing them for a given degree of accuracy.  

As a result of the research, we have found that fuzzy set methods can form the 
basis for solving problems of distribution of INS information flows and can be used 
in conjunction with other methods. In the comparison of traditional technique and 
fuzzy logic, we have proved the effectiveness of fuzzy methods. Using fuzzy logic 
and conventional statistical methods in combination, we introduced the variability 
parameter values and the volume of information. Using centered variables in the 
solution of the problem to perform further operations inherent in fuzzy sets, we refer 
to the perspectives of programming these problems in the context of homotopy type 
theory. Using fuzzy set methods allows getting more accurate results due to the 
above properties, taking into account all the parameters and restrictions typical for 
such a phenomenon. Based on international experience, we have determined a way 
to find the variables that are as close as possible to the optimal values in a given 
accuracy. Thus, by adding mathematical tools to the study of the distribution of 
information flows INS, it becomes possible for the expert to see more accurate data 
on the organization's distribution of information. In the future, these indicators can 
serve as a basis for improving the organization's information support, thereby 
ensuring the correct operation of the network. Our method provides a refinement 
relation and a composition operation that supports both the quality of information 
and implementation ability. We develop a basic theory for better results. We 
illustrated the applicability of our idea with an example of information flows' 
distribution. 

Consistent with earlier research, the study supported the hypothesis that using 
the fuzzy approach is effective. Thus, considering the solution of the problem based 
on the models proposed by Osin, who pointed attention to the question of matching 
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on the organization's distribution of information. In the future, these indicators can 
serve as a basis for improving the organization's information support, thereby 
ensuring the correct operation of the network. Our method provides a refinement 
relation and a composition operation that supports both the quality of information 
and implementation ability. We develop a basic theory for better results. We 
illustrated the applicability of our idea with an example of information flows' 
distribution. 

Consistent with earlier research, the study supported the hypothesis that using 
the fuzzy approach is effective. Thus, considering the solution of the problem based 
on the models proposed by Osin, who pointed attention to the question of matching 
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the data under consideration [5], we can prove the identity between the analytical 
data, as well as the ability to most accurately reflect the parameters in mathematical 
modeling. 

It is also worth mentioning the contributions of other authors, particularly 
Jezewski, Czabanski, and Leski, who defined the real possibilities of describing 
fuzzy sets and operations on them [11]. Based on the propositions put forward by 
these authors, we found that the properties of fuzzy sets can be used as an auxiliary 
parameter for optional problems. After investigating the issue, we concluded that 
fuzzy set methods are not widely used to solve the distribution of INS information 
flows.  

Since we were faced with identifying the advantages of using fuzzy set methods 
in the distribution of information flows of an INS, we first turned to the primary 
source of theoretical material - the work of Osin [5]. As a result of reviewing the 
mathematical tools of this methodology, based on the formulas and definitions 
proposed by Osin [5], we identified the advantages in the conciseness of procedures 
and opportunities for modeling fuzzy information by description. Further, we 
assumed that the processing of the essential mathematical tools for solving 
information flow distribution problems in the INS would not be rational due to 
subsequent computer modeling problems and presenting more accurate results. 

Based on this point of view, we decided to implement the fuzzy set method in 
conjunction with the main functioning tools. At this stage of the study, we found that 
using a fuzzy approach is rational when modeling the main variables, which we 
reflected when solving our problem. The main problem of the distribution of 
information flows in the INS is the inability to recall many modeling parameters. 
Our proposed approach, reflected in the problem, removes these limitations and 
allows us to get more accurate values. 

Unlike other researchers, we make it the key to improving the quality of the 
distribution information. We use the example of our problem to discover that using 
the fuzzy set method in conjunction with other calculus types helps to get more 
accurate estimates. Accordingly, we consider this approach to be practical and easy 
to implement. 

In the present study, we confirm the effectiveness of using fuzzy set methods in 
the distribution of INS information flows by using this method as the main one and 
as an auxiliary one. Thus, we consider it necessary to improve this field's 
mathematical tools based on the proposed approach. We suggest integrating already 
proven methods in conjunction with fuzzy logic methods, which in the future 
presents the possibility of modeling such problems in modern and accessible 
programming languages. Thus, in the course of the study, we concluded developing 
mathematical tools by using fuzzy sets in solving problems of distribution of 
information flows of INS.  

Therefore, we highlight possible prospects for the development and application 
of the theory of fuzzy sets, which is suitable for different software structures. 
Summing up the calculations, we can conclude that fuzzy modeling is optimal when 
the technological processes are of some complexity when analyzing using generally 
accepted quantitative methods. According to our idea, fuzzy logic provides for the 
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availability of mathematical tools to reflect the source information's fuzziness. Also, 
it allows you to build a model that is as close as possible to reality since, in some 
cases, the use of fuzzy models makes it possible to formalize the source data with 
less error.  

5. Conclusion 
Summarizing all the above, the advantage of fuzzy modeling of the processes of 
distribution of information flows in the INS becomes evident since the determinism 
requirement present in the INS's functioning is formalized in this particular method. 
Since, like all electronic streams, electronic information is determined through 
difference and is also characterized by parameters of variability, interdependence, 
and time dependence, necessary to organize the distribution of information flows in 
the INS by taking into account the uncertainty of information (its display in a 
mathematical model). The importance of observing the INS uncertainty parameter is 
explained by the possibility of constructing a model that is most closely 
approximated to reality, which, in turn, is not difficult to perform operations on 
models. Failure to comply with the uncertainty parameter in the classical theory of 
probability is a gross omission of any processes' real properties. Many uncertainty 
factors characterize any of them, particularly the investment project, the research 
base, the workflow process, and other types of information.  

Thus, in this paper, when considering the INS' distribution of information flows, 
we highlight the following opportunities for applying this technique in management. 
The results we highlight as the formation of mathematical tools allow us to expand 
industrial automation capabilities. This idea makes it possible to use existing 
knowledge to improve technological processes and perform various tasks. For 
example, for: 

• controls (closed or open systems, one or more variables in linear or 
nonlinear systems); 

• configuration parameters of the system in online or offline mode; 
• classification and image recognition; 
• real-time decision making; 
• help operators in making decision or when adjusting the parameters; 
• detection and diagnostics of system failures. 
A wide range of application options and a natural approach based on the 

acquired experience make this method the primary mathematical tool that should 
become the standard for decision-makers. 

Due to its relevance, the fuzzy approach provides a broad base for further 
research of feasible processes without introducing additional software. This idea 
greatly simplifies the consumption of resources and uses the existing means of 
information technology as an element of any organization's information system in 
full.   
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availability of mathematical tools to reflect the source information's fuzziness. Also, 
it allows you to build a model that is as close as possible to reality since, in some 
cases, the use of fuzzy models makes it possible to formalize the source data with 
less error.  

5. Conclusion 
Summarizing all the above, the advantage of fuzzy modeling of the processes of 
distribution of information flows in the INS becomes evident since the determinism 
requirement present in the INS's functioning is formalized in this particular method. 
Since, like all electronic streams, electronic information is determined through 
difference and is also characterized by parameters of variability, interdependence, 
and time dependence, necessary to organize the distribution of information flows in 
the INS by taking into account the uncertainty of information (its display in a 
mathematical model). The importance of observing the INS uncertainty parameter is 
explained by the possibility of constructing a model that is most closely 
approximated to reality, which, in turn, is not difficult to perform operations on 
models. Failure to comply with the uncertainty parameter in the classical theory of 
probability is a gross omission of any processes' real properties. Many uncertainty 
factors characterize any of them, particularly the investment project, the research 
base, the workflow process, and other types of information.  

Thus, in this paper, when considering the INS' distribution of information flows, 
we highlight the following opportunities for applying this technique in management. 
The results we highlight as the formation of mathematical tools allow us to expand 
industrial automation capabilities. This idea makes it possible to use existing 
knowledge to improve technological processes and perform various tasks. For 
example, for: 

• controls (closed or open systems, one or more variables in linear or 
nonlinear systems); 

• configuration parameters of the system in online or offline mode; 
• classification and image recognition; 
• real-time decision making; 
• help operators in making decision or when adjusting the parameters; 
• detection and diagnostics of system failures. 
A wide range of application options and a natural approach based on the 

acquired experience make this method the primary mathematical tool that should 
become the standard for decision-makers. 

Due to its relevance, the fuzzy approach provides a broad base for further 
research of feasible processes without introducing additional software. This idea 
greatly simplifies the consumption of resources and uses the existing means of 
information technology as an element of any organization's information system in 
full.   

JOURNAL OF INFORMATION AND ORGANIZATIONAL SCIENCES 

  

References 
[1] E. Bartocci, T. Ferrère, T. A. Henzinger, D. Nickovic, and A. O. da Costa, 

“Information-flow interfaces,” Computer Science, vol. 1, pp. 1–33, 2020. 
[Online]. Available: http://arxiv.org/abs/2002.06465 

[2] C. Shi, and P. S. Yu, Heterogeneous information network analysis and 
applications. 2017, doi: 10.1007/978-3-319-56212-4. 

[3] A. J. Blumberg, and M. Lesnick, “Universality of the homotopy 
interleaving distance,” Cornell University Press, pp. 1–29, 2017. [Online]. 
Available: http://arxiv.org/abs/1705.01690 

[4] Yu. Yu. Gromov, Yu. V. Minin, A. B. Bakhsh, A. V. Klishina, and M. A. 
Shakhov, “Determination of groups of negative external influences on the 
network information system that maximize the value of the damage 
function,” Information Security, vol. 2, pp. 269–272, 2014. 

[5] V. N. Osin, “Effective distribution of information flows in a network 
information system based on fuzzy models,” Ph.D. dissertation, Tambov, 
2014. 

[6] P. Venkatesh, S. Dutta, and P. Grover, “Information flow in computational 
systems,” IEEE Transactions on Information Theory, vol. 66, no. 9, pp. 
5456 - 5491, 2020, doi: 10.1109/TIT.2020.2987806. 

[7] G. A. Kavvos, “Modalities, cohesion, and information flow,” Proceedings 
of the ACM on Programming Languages, vol. 3(POPL), pp. 1–29, 2019, 
doi: 10.1145/3290333. 

[8] L. V. Minchenko, and N. P. Yakovleva, “Application of fuzzy logic in 
food industry enterprise management,” Scientific Journal of ITMO 
Research Institute. Series ’Economics and Environmental Management, 
vol. 4, pp. 270–279, 2015. 

[9] J. F. Jardine, “Fuzzy sets and presheaves,” Compositionality, vol. 1, no. 3, 
2019, doi: 10.32408/compositionality-1-3. 

[10] M. Kon, and H. Kuwano, “On sequences of fuzzy sets and fuzzy set-valued 
mappings,” Fixed Point Theory and Applications, vol. 2013, no. 1, pp. 327, 
2013, doi: 10.1186/1687-1812-2013-327. 

[11] R. Czabanski, M. Jezewski, and J. Leski, “Introduction to fuzzy systems,” 
in Theory and applications of ordered fuzzy numbers: A tribute to 
professor Witold Kosiński, P. Prokopowicz, J. Czerniak, D. Mikołajewski, 
Ł. Apiecionek, and D. Ślȩzak (Eds.), pp. 23–43, 2017, doi: 10.1007/978-3-
319-59614-3_2. 

[12] C. Shi, Y. Li, J. Zhang, Y. Sun, and P. S. Yu, “A survey of heterogeneous 
information network analysis,” IEEE Transactions on Knowledge and 



94

JIOS, VOL. 45. NO. 1 (2021), PP. 77-94

RUBTSOV, LEVSHINA, MAMAEVA, KHRAMOVA AND KHRAMOV APPLICATION OF FUZZY SET THEORY... 

  

Data Engineering, vol. 29, no. 1, pp. 17–37, 2017, doi: 
10.1109/TKDE.2016.2598561. 

[13] B. Bogaerts, and D. Surinx, J. Van den Bussche, H. Aamer, and E. 
Ternovska, “Executable first-order queries in the logic of information 
flows,” Cornell University Press, vol. 3, pp. 1–23, 2019. 

[14] P. Ramaciotti Morales, R. Lamarche-Perrin, R. Fournier-S’niehotta, R. 
Poulain, L. Tabourier, and F. Tarissan, “Measuring diversity in 
heterogeneous information networks,” Computer Science, pp. 3–31, 2020. 

[15] A. A. Baichenko, “Application of fuzzy logic in the management of food 
industry enterprises,” Scientific Journal of ITMO Research Institute. Series 
’Economics and Environmental Management, vol. 3, pp. 35–69, 2014. 
[Online]. Available: 
https://openbooks.itmo.ru/ru/article/10476/primenenie_nechetkoy_logiki_v
_upravlenii_predpriyatiem_pischevoy_promyshlennosti.html 

[16] A. Yu. Shatalova, and K. A. Lebedev, (2015). “Fuzzy linear programming 
in the problem of optimal financing of investment projects,” Fundamental 
Research, vol. 9, pp. 35–38, 2015. 

[17] G. Allwein, and W. L. Harrison, “Information flow and homotopy theory,” 
Elsevier, vol. 1, pp. 1–38, 2019. 

[18] R. E. Kent, “Semantic integration in the information flow framework,” 
Cornell University Press, vol. 1, pp. 1–12, 2018. [Online]. Available: 
http://arxiv.org/abs/1810.08236 

[19] H.-C. Wu, “Duality in fuzzy sets and dual arithmetics of fuzzy sets,” 
Mathematics, vol. 7, no. 1, pp. 11, 2018, doi: 10.3390/math7010011. 

[20] R. Geske, “The valuation of compound options,” Journal of Financial 
Economics, vol. 7, no. 1, pp. 63–81, 1979, doi: 10.1016/0304-
405X(79)90022-9. 



95

JIOS, VOL. 45. NO. 1 (2021), PP. 95-113

RUBTSOV, LEVSHINA, MAMAEVA, KHRAMOVA AND KHRAMOV APPLICATION OF FUZZY SET THEORY... 

  

Data Engineering, vol. 29, no. 1, pp. 17–37, 2017, doi: 
10.1109/TKDE.2016.2598561. 

[13] B. Bogaerts, and D. Surinx, J. Van den Bussche, H. Aamer, and E. 
Ternovska, “Executable first-order queries in the logic of information 
flows,” Cornell University Press, vol. 3, pp. 1–23, 2019. 

[14] P. Ramaciotti Morales, R. Lamarche-Perrin, R. Fournier-S’niehotta, R. 
Poulain, L. Tabourier, and F. Tarissan, “Measuring diversity in 
heterogeneous information networks,” Computer Science, pp. 3–31, 2020. 

[15] A. A. Baichenko, “Application of fuzzy logic in the management of food 
industry enterprises,” Scientific Journal of ITMO Research Institute. Series 
’Economics and Environmental Management, vol. 3, pp. 35–69, 2014. 
[Online]. Available: 
https://openbooks.itmo.ru/ru/article/10476/primenenie_nechetkoy_logiki_v
_upravlenii_predpriyatiem_pischevoy_promyshlennosti.html 

[16] A. Yu. Shatalova, and K. A. Lebedev, (2015). “Fuzzy linear programming 
in the problem of optimal financing of investment projects,” Fundamental 
Research, vol. 9, pp. 35–38, 2015. 

[17] G. Allwein, and W. L. Harrison, “Information flow and homotopy theory,” 
Elsevier, vol. 1, pp. 1–38, 2019. 

[18] R. E. Kent, “Semantic integration in the information flow framework,” 
Cornell University Press, vol. 1, pp. 1–12, 2018. [Online]. Available: 
http://arxiv.org/abs/1810.08236 

[19] H.-C. Wu, “Duality in fuzzy sets and dual arithmetics of fuzzy sets,” 
Mathematics, vol. 7, no. 1, pp. 11, 2018, doi: 10.3390/math7010011. 

[20] R. Geske, “The valuation of compound options,” Journal of Financial 
Economics, vol. 7, no. 1, pp. 63–81, 1979, doi: 10.1016/0304-
405X(79)90022-9. 

JIOS, VOL. 45, NO. 1 (2021) SUBMITTED 07/20; ACCEPTED 01/21 

Use of WhatsApp Application on Fruit Marketing 
Communication: A Traders’ Experience 

Heri Akhmadi heriakhmadi@umy.ac.id 
Department of Agribusiness  
Universitas Muhammadiyah Yogyakarta, Indonesia 

Susanawati susanawati@umy.ac.id 
Department of Agribusiness  
Universitas Muhammadiyah Yogyakarta, Indonesia 

Nindia Putri Utami nindiaputripratiwi98@gmail.com 
Department of Agribusiness  
Universitas Muhammadiyah Yogyakarta, Indonesia 

Aris Slamet Widodo aris.sw@umy.ac.id 
Department of Agribusiness  
Universitas Muhammadiyah Yogyakarta, Indonesia 

Abstract 
WhatsApp is mobile messaging application which is widely used in communication. 
However, its use in marketing communication is relatively new. This study investigates 
WhatsApp user profile, factors that influence the use of WhatsApp and relationship 
between the factors with WhatsApp usage level in fruit marketing communication. 
Respondents were selected using census method by taking all fruit wholesalers in 
Giwangan Fruit Central Market, the largest fruit market in Yogyakarta, Indonesia. Data 
were analyzed using descriptive methods and Spearman Rank correlation. The results 
showed that majority of WhatsApp users among traders are male in millennial age, with 
high school education. Furthermore, the convenience in use and economical reason 
were the most influential factors in the use of WhatsApp on marketing communication. 
Moreover, this study found that there was a strong and positive correlation between 
benefits factors and the use of WhatsApp on fruit marketing communication. 
Keywords: WhatsApp adoption, digital marketing communication, fruit trading 

1. Introduction  
Social media has become a popular and effective platform of communication in the 
digital world [1]. One of the most popular social media platform is WhatsApp. 
Recently, WhatsApp as a social media applications shows an increasing trend of being 
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used as a new communication platform [2] and the most widely used social media for 
sending messages with a total of 1.6 billion global users in 2019 [3]. 

The popularity of WhatsApp as a social media base messaging application is may 
drived by the increasing use of the internet in various aspects of life [4]. The 
International Telecommunication Union (ITU), an UN agency which is responsible 
for issues that concern on the development of information and communication 
technology, in its recent report states that global internet users in 2019 are estimated 
to reach 53.6 percent of the global population, or 4.1 billion people as the Internet 
users [5]. In Indonesia alone, according to a national survey on Penetration and 
Behavior Profile of Indonesian Internet User, it was stated that out of a total of 264.16 
million Indonesians population, there were around 64.8% or 171.17 million people 
who used the internet in their daily lives in 2018. This data showed a growth of around 
10% from 2017 in the amount of 143.26 million people or 54.86% of the population 
[6]. 

Mobile messenger and social media applications are the most widely used 
internet-based applications with a total number of users reaching 89.35% in Indonesia 
[7]. Mobile messenger and social media services are growing rapidly since they 
provide convenience and lower costs [8] compared to previous messaging platforms 
such as short message services (SMS) [9]. Online messaging applications such as 
WhatsApp, LINE, Facebook Messenger, Blackberry Messenger (BBM) and WeChat 
are among the most widely used applications. Furthermore, WhatsApp is the most 
popular message sending application in Indonesia where 83% of internet users use the 
WhatsApp platform as their message sending application, far surpassing LINE or FB 
Messenger which is only used by 59% and 43% of users [10]. 

Ultimate features in sending messages, such as the ease of sending pictures and 
videos makes WhatsApp offer many advantages compared to the previous message 
service application [11] [12]. Moreover,WhatsApp also provides calling service both 
voice call and video call for "free", this indeed making WhatsApp more popular [13]. 
All these advantages are certainly very supportive for trading activities, especially in 
marketing communication between sellers and buyers [14]. The use of the WhatsApp 
application could make it easier for merchants to communicate with consumers in 
providing goods and services using mobile technology or communication devices 
such as smartphones, tablets, computers or laptops. 

Moreover, in case of trading of perishable products such as fresh fruit, the 
presense of internet-based communication application such as WhatsApp could be an 
effective communication tool to deliver messages to consumers or other stakeholders 
[15]. Fruit trade, for instance, is one sector that has an important role in Indonesian 
economy. Data shows that in 2015 Indonesia exported 354,508.9 tons of fruit valued 
at USD $ 368.68 million. This number increased compared to the previous year which 
only reached 299,104.3 tons or valued at USD $ 302.2 million [16]. Not only the 
number of exports of fruit products has increased, the number of Indonesian fruit 
production has also increased. Indonesia's total fruit production in 2017 was 19.64 
million tons, an increase of 7.1% from 2016 which was only 18.34 million tons [17]. 

The increase in fruit production is in line with the increase in Indonesian people's 
per capita fruit consumption. The level of fruit consumption per person per year has 
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sending messages with a total of 1.6 billion global users in 2019 [3]. 

The popularity of WhatsApp as a social media base messaging application is may 
drived by the increasing use of the internet in various aspects of life [4]. The 
International Telecommunication Union (ITU), an UN agency which is responsible 
for issues that concern on the development of information and communication 
technology, in its recent report states that global internet users in 2019 are estimated 
to reach 53.6 percent of the global population, or 4.1 billion people as the Internet 
users [5]. In Indonesia alone, according to a national survey on Penetration and 
Behavior Profile of Indonesian Internet User, it was stated that out of a total of 264.16 
million Indonesians population, there were around 64.8% or 171.17 million people 
who used the internet in their daily lives in 2018. This data showed a growth of around 
10% from 2017 in the amount of 143.26 million people or 54.86% of the population 
[6]. 

Mobile messenger and social media applications are the most widely used 
internet-based applications with a total number of users reaching 89.35% in Indonesia 
[7]. Mobile messenger and social media services are growing rapidly since they 
provide convenience and lower costs [8] compared to previous messaging platforms 
such as short message services (SMS) [9]. Online messaging applications such as 
WhatsApp, LINE, Facebook Messenger, Blackberry Messenger (BBM) and WeChat 
are among the most widely used applications. Furthermore, WhatsApp is the most 
popular message sending application in Indonesia where 83% of internet users use the 
WhatsApp platform as their message sending application, far surpassing LINE or FB 
Messenger which is only used by 59% and 43% of users [10]. 

Ultimate features in sending messages, such as the ease of sending pictures and 
videos makes WhatsApp offer many advantages compared to the previous message 
service application [11] [12]. Moreover,WhatsApp also provides calling service both 
voice call and video call for "free", this indeed making WhatsApp more popular [13]. 
All these advantages are certainly very supportive for trading activities, especially in 
marketing communication between sellers and buyers [14]. The use of the WhatsApp 
application could make it easier for merchants to communicate with consumers in 
providing goods and services using mobile technology or communication devices 
such as smartphones, tablets, computers or laptops. 

Moreover, in case of trading of perishable products such as fresh fruit, the 
presense of internet-based communication application such as WhatsApp could be an 
effective communication tool to deliver messages to consumers or other stakeholders 
[15]. Fruit trade, for instance, is one sector that has an important role in Indonesian 
economy. Data shows that in 2015 Indonesia exported 354,508.9 tons of fruit valued 
at USD $ 368.68 million. This number increased compared to the previous year which 
only reached 299,104.3 tons or valued at USD $ 302.2 million [16]. Not only the 
number of exports of fruit products has increased, the number of Indonesian fruit 
production has also increased. Indonesia's total fruit production in 2017 was 19.64 
million tons, an increase of 7.1% from 2016 which was only 18.34 million tons [17]. 

The increase in fruit production is in line with the increase in Indonesian people's 
per capita fruit consumption. The level of fruit consumption per person per year has 
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increased in 2015 from 0.349 kg per capita per week to 0.405 kg in 2016 and most 
recently in 2018 to 0.480 kg per capita [18]. According to Indonesian Food Security 
Monitoring data, there are three provinces that have reached the level of consumption 
recommended by the government of 400 grams per capita per day, namely 
Yogyakarta, Bali and Sulawesi. While other provinces have not reached the level of 
consumption recommended by the government [19]. 

Horticultural commodities, especially fruits have an important role in the 
Indonesian economy. Data shows that in 2015 Indonesia exported 354,508.9 tons of 
fruit valued at USD $ 368.68 million. This number increased compared to the previous 
year which only reached 299,104.3 tons or valued at USD $ 302.2 million [16]. Not 
only did the number of exports of fruit products increase, the amount of Indonesian 
fruit production also increased. Indonesia's total fruit production in 2017 was 19.64 
million tons, an increase of 7.1% from 2016 which was only 18.34 million tons [17]. 

The increase in fruit production is in line with the increase in Indonesian people's 
per capita fruit consumption. The level of fruit consumption per person per year has 
increased in 2015 from 0.349 kg per capita per week to 0.405 kg in 2016 and the last 
year in 2018 to 0.480 kg per capita. The increase was found in oranges, apples, salak, 
bananas, papayas and watermelons [18], [19]. According to Indonesian Food Security 
Monitoring data, there are three provinces that have reached the level of consumption 
recommended by the government of 400 grams per capita per day, namely 
Yogyakarta, Bali and Sulawesi. While other provinces have not reached the level of 
consumption recommended by the government [19]. 

Increasing trend of fruit production and consumption in Indonesia opens up 
opportunities for fruit trading activities to expand its marketing activities. Especially 
with the development of information and communication technology which is a 
strategic tool to improve the efficiency and effectiveness of marketing communication 
activities [20]. ICT base social media such as WhatsApp could provide benefits for 
marketing communication activities such as promoting products, marketing products, 
communicating with consumers, communicating with suppliers, providing services 
needed by consumers to improve collaboration, new products or services and allowing 
for opening market opportunities [21]. 

WhatsApp is widely known as one of the most popular internet-based messaging 
platforms. Previous research related to the use of WhatsApp has been done a lot, 
however, research on its use in marketing communications, especially marketing of 
fresh fruit has not been found. Several previous studies regarding the use of WhatsApp 
for instance explore the role of WhatsApp in interactions between consumers and 
companies [22], WhatsApp as a communication medium [4] and learning exchange 
[23] as well as study on the ability of WhatsApp application to disseminate 
information to become "viral" [24] and making it as a marketing tool [14]. WhatsApp 
as social media could also be used as a gathering place (group) and can be used to 
spread information [25] with one click to many people (broadcast message) so that it 
becomes an effective advertising medium [26] and coordinating information trade 
[27]. However, although a lot of research has been done on WhatsApp, research on 
using WhatsApp as a marketing communication medium has not yet been found. 
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The variety of functions and features possessed by WhatsApp application and the 
growing dominance of this application as a medium for sending messengers and social 
media is interesting to investigate its use in marketing communications, especially 
fresh fruit marketing. Therefore this study aims to examine whatsapp application 
usage profile, the level of use of WhatsApp application and the factors that influence 
the use of this application by fruit marketing communication traders. This study 
provides insight into the baviour of trader on using WhatsApp as marketing 
communication tools in fresh fruit trading. 

2. Literature Review 

2.1. Marketing Communication 

Many researchers have defined marketing communication with various definitions. In 
order to understand the concept of marketing communication, it is necessary to figure 
out the meaning of communication itself. A communication is an activity of 
exchanging ideas [28] where there is meaning or value conveyed by individuals to 
other individuals or groups [29]. While marketing communication or in other term 
called integrated marketing communication is an effort of traders to persuade, inform 
regarding the brand [30] and provide information related to products directly through 
traditional media such as radio and television or using new media such as Youtube, 
Facebook, Instagram, WhatsApp, Line and other social media application. Trough 
online communication, trader and producter could build relationships with consumers 
effectively [31]  and consumers can understand about the product being sold, who 
makes the product, the purpose of the product is made so that consumers can buy as 
needed. 

The main purpose of marketing communication is to provide information from 
merchants to consumers about product or service information, introduce products and 
establish relationships with consumers or providers of goods and services using 
various media available such as Instagram, WhatsApp and Facebook [32]. There are 
several forms of marketing communication: 
a. Sales promotion 

Promotion is part of integrated marketing communication with the objectives to 
boost sales so that consumers can see and buy products directly sold by merchants so 
that traders can increase sales. Through promotion, consumers can get to know the 
products or services offered, sell, have the opportunity to buy more often and more 
[33]. 
b. Personal Sales 

Personal selling involves two parties between the trader and the buyer which is 
carried out either face to face, telephone, video call and website. Applications that are 
used vary depending on the needs desired by the trader, personal selling also functions 
as a way to find consumer demand for the products offered by the merchant [34]. 
c. Public relations 
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The variety of functions and features possessed by WhatsApp application and the 
growing dominance of this application as a medium for sending messengers and social 
media is interesting to investigate its use in marketing communications, especially 
fresh fruit marketing. Therefore this study aims to examine whatsapp application 
usage profile, the level of use of WhatsApp application and the factors that influence 
the use of this application by fruit marketing communication traders. This study 
provides insight into the baviour of trader on using WhatsApp as marketing 
communication tools in fresh fruit trading. 

2. Literature Review 

2.1. Marketing Communication 

Many researchers have defined marketing communication with various definitions. In 
order to understand the concept of marketing communication, it is necessary to figure 
out the meaning of communication itself. A communication is an activity of 
exchanging ideas [28] where there is meaning or value conveyed by individuals to 
other individuals or groups [29]. While marketing communication or in other term 
called integrated marketing communication is an effort of traders to persuade, inform 
regarding the brand [30] and provide information related to products directly through 
traditional media such as radio and television or using new media such as Youtube, 
Facebook, Instagram, WhatsApp, Line and other social media application. Trough 
online communication, trader and producter could build relationships with consumers 
effectively [31]  and consumers can understand about the product being sold, who 
makes the product, the purpose of the product is made so that consumers can buy as 
needed. 

The main purpose of marketing communication is to provide information from 
merchants to consumers about product or service information, introduce products and 
establish relationships with consumers or providers of goods and services using 
various media available such as Instagram, WhatsApp and Facebook [32]. There are 
several forms of marketing communication: 
a. Sales promotion 

Promotion is part of integrated marketing communication with the objectives to 
boost sales so that consumers can see and buy products directly sold by merchants so 
that traders can increase sales. Through promotion, consumers can get to know the 
products or services offered, sell, have the opportunity to buy more often and more 
[33]. 
b. Personal Sales 

Personal selling involves two parties between the trader and the buyer which is 
carried out either face to face, telephone, video call and website. Applications that are 
used vary depending on the needs desired by the trader, personal selling also functions 
as a way to find consumer demand for the products offered by the merchant [34]. 
c. Public relations 

JOURNAL OF INFORMATION AND ORGANIZATIONAL SCIENCES 

  

Public relations serves to build and maintain a mutually beneficial relationship 
between traders and consumers to get the desired results. The main objective of public 
relations is to introduce and maintain perception and image of products sold by traders 
and the traders organization/company [35]. 

2.2. WhatsApp Adoption 

Use of information technology such as WhatsApp,  and other social media is relatively 
new. As a new technology, before it was used massively as it is today, it underwent 
the adoption process. Adoption of technology is a common process in using new 
technologies such as information and communication technology. One well-known 
theory of technology adoption model is the Technology Acceptance Model (TAM), 
which was first developed by Davis 1985 [36]. This technology adoption model is a 
model to find out the influential factors in the technology adoption process such as 
ease of use, benefits, anxiety, business owner's innovation power, consumer demands 
and competitor pressure. 

There ara several factors according to Theory of Technology Acceptance Model 
that are considered by researchers as supporting factors of technology adoption 
including variable of usefulness and ease of use [37]. On the contrary, factors that 
hinder the adoption process including security and privacy issue, cost of technology 
and incompatibility of the technology with business processes so that the technology 
does not provide benefits [38]. In addition, another factor is that not all businesspeople 
such as traders understand on using information technology (3). Many do not trust 
information technology because they believe that there is a lack of security in 
interacting with consumers using information technology or social media, (4). Costs 
incurred in maintaining electronic systems and facilities that do not yet support the 
utilization of the technology, (5) and there is no definite law in the use of technology 
for business [39].  

Adoption of social media innovation is one of the important things since it could 
expand and improve business competitiveness and can improve the ability to 
communicate with others and establish relationships with customers [40]. With rapid 
change requires traders inevitably have to use technology in order to compete. In 
adopting information technology, there are benefits to its use such as social media 
technology that includes younger traders in communicating with consumers and 
suppliers, building relationships with new people so that expanding friendships and 
marketing, making it easier to share ideas or information with others and information 
technology as well make me more creative in increasing sales [41]. 

Adoption of technology is the final result obtained from the process of utilizing 
information and communication technology by traders and the ease of using the 
technology so as to produce behavior and attention to existing technology for use in 
daily activities [42]. There are several models for technology adoption [43]: 
a. Technology Acceptance Model (TAM) 

TAM is a theory developed by Fred Davis in 1985 [36] that explains the 
acceptance of technology that someone will use. In this case there are several variables 
that influence the use of the system carried out by previous studies mention there are 
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two determinants that have an important role, namely the perceived usefulness 
(Perceived usefulness) is defined by the extent to which someone uses information 
technology at work and has benefits in its use and perceived ease ( Perceived ease of 
use) is defined by the extent to which a person believes using information technology 
makes it free from difficulties or major obstacles [37]. 
b. Theory of Planned Behavior (TPB) 

This theory is a theory of attitude models that predict a person's interest or 
intention to take action by being influenced by three main factors namely attitude 
toward behavior (attitude toward behavior) is defined as a person's negative and 
positive feelings towards the achievement of a behavior. Subjective norms (subjective 
norms) are defined as a person's perception by seeing for most someone who is 
considered important, he must or not in carrying out an action or behavior and control 
the behavior. The last factor is behavior control or behavior control to guard behavior 
against things that are not in accordance with the norm [44]. 
c. Theory of Reasoned Action (TRA) 

The theory that was successfully developed by Fishbein and Ajzen in 1979 [45] 
states that a person's perception and reaction to a thing determines the person's attitude 
or behavior. This theory chooses behavioral goals as a function and indicates that 
behavior can be predicted from the intensity of behavior (behavior intention) is a 
combination of attitude factors (attitude) and subjective norms (subjective norm) in 
shaping a person's behavior. So that a person's attitude or behavior about information 
technology will have an effect on his attitude in the acceptance of the use of 
information and communication technology because someone will use something if 
there are benefits and ease of use. (Permana, Astuti, & Suydi, 2012).  

3. Methodology 
This study is a survey research using descriptive analytical method. The survey 
research was conducted by conducting a structured interview with respondents chosen 
using questionnaires to obtain the facts, opinions and behavior of respondents [47]. 
The descriptive method is a method for examining the status of a group, object, 
condition or event in the present with the aim of obtaining a systematic and accurate 
description and description of the facts and phenomena studied [48].  

Yogyakarta city was chosen as a research location with consideration that in 
addition to being a large city (the provincial capital), the city of Yogyakarta was one 
of the cities that showed growth in per capita fruit consumption above the national 
average [19]. Giwangan Fruit and Vegetable Market was chosen with consideration 
because it is the largest fruit market in Yogyakarta. The respondents in the study were 
selected using census method from all wholesalers in Giwangan Market. Based on 
field visits and research criteria there are 45 wholesalers who are willing and meet the 
research criteria, so the total number of respondents is 45 traders. 

The Whatsapp user profile including variable of gender, age, education and 
trading experience was analized using descriptive statistice, while the level of use of 
the WhatsApp application in marketing communication is measured using three 
indicators, namely: sales promotion, personal sales and public relations [49], [50]. 
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use) is defined by the extent to which a person believes using information technology 
makes it free from difficulties or major obstacles [37]. 
b. Theory of Planned Behavior (TPB) 

This theory is a theory of attitude models that predict a person's interest or 
intention to take action by being influenced by three main factors namely attitude 
toward behavior (attitude toward behavior) is defined as a person's negative and 
positive feelings towards the achievement of a behavior. Subjective norms (subjective 
norms) are defined as a person's perception by seeing for most someone who is 
considered important, he must or not in carrying out an action or behavior and control 
the behavior. The last factor is behavior control or behavior control to guard behavior 
against things that are not in accordance with the norm [44]. 
c. Theory of Reasoned Action (TRA) 

The theory that was successfully developed by Fishbein and Ajzen in 1979 [45] 
states that a person's perception and reaction to a thing determines the person's attitude 
or behavior. This theory chooses behavioral goals as a function and indicates that 
behavior can be predicted from the intensity of behavior (behavior intention) is a 
combination of attitude factors (attitude) and subjective norms (subjective norm) in 
shaping a person's behavior. So that a person's attitude or behavior about information 
technology will have an effect on his attitude in the acceptance of the use of 
information and communication technology because someone will use something if 
there are benefits and ease of use. (Permana, Astuti, & Suydi, 2012).  

3. Methodology 
This study is a survey research using descriptive analytical method. The survey 
research was conducted by conducting a structured interview with respondents chosen 
using questionnaires to obtain the facts, opinions and behavior of respondents [47]. 
The descriptive method is a method for examining the status of a group, object, 
condition or event in the present with the aim of obtaining a systematic and accurate 
description and description of the facts and phenomena studied [48].  

Yogyakarta city was chosen as a research location with consideration that in 
addition to being a large city (the provincial capital), the city of Yogyakarta was one 
of the cities that showed growth in per capita fruit consumption above the national 
average [19]. Giwangan Fruit and Vegetable Market was chosen with consideration 
because it is the largest fruit market in Yogyakarta. The respondents in the study were 
selected using census method from all wholesalers in Giwangan Market. Based on 
field visits and research criteria there are 45 wholesalers who are willing and meet the 
research criteria, so the total number of respondents is 45 traders. 

The Whatsapp user profile including variable of gender, age, education and 
trading experience was analized using descriptive statistice, while the level of use of 
the WhatsApp application in marketing communication is measured using three 
indicators, namely: sales promotion, personal sales and public relations [49], [50]. 
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Furthermore, the indicators were analyzed by descriptive method using the help of 
tables and average scores. The category intervals in this study are as follows: 

𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑆𝑆𝑆𝑆𝑆𝑆𝑟𝑟𝑟𝑟 = 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 − 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑜𝑜𝑜𝑜 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐  

Interval = (5 − 1)
5 = 0,8 

Based on the formula, the resulting score interval is presented on Table 1: 
 

Score Response 
1,00 – 1,80 Strongly Disagree 
1,81 – 2,60 Disagree 
2,61 – 3,40 Doubtful 
3,41 – 4,20 Agree 
4,21 – 5,00 Strongly Disagree 

Table 1. Score Interval and Response  

After the measurement is done by calculating the average score of each indicator, 
then classified according to the achievement of scores to determine the level of use of 
the WhatsApp application and determine how much the factors influence the use of 
WhatsApp applications in fruit marketing communication. The formula for 
calculating each variable score is as follows: 

𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀 𝐒𝐒𝐒𝐒𝐒𝐒𝐒𝐒𝐒𝐒 = Total score − Minimum score
Maximum score − Minimum score  𝑋𝑋 100% 

Moreover, the WhatsApp app usage level categories based on achievement scores 
per variable are as follows: 

 
Achievement Score Usage Perception 

0% - 19,99% Very Low 
20% - 39,99% Low 
40% - 59,99% Medium 
60% - 79,99% High 
80% - 100% Very High 

Table 2. Achievement Score and Usage Perception  

Furthermore, to determine the relationship between the level of use of the 
WhatsApp Application with the factors that influence the use of the WhatsApp 
Application, the Spearman Rank correlation test is used. This study proposed four 
factors including education, convenience, benefit, reference group, and economic 
factors that influence the use of the WhatsApp Application [51] [52].  

The Spearman rank correlation test is used to look for relationships or test the 
significance of associative hypotheses if each of the linked variables in the form of an 
ordinal and the source of data between the variables is not the same [53], [54]. This 
analysis performed by statistical calculation using the following formula [55]: 
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𝒓𝒓𝒓𝒓 = 1 − 6𝛴𝛴𝛴𝛴²𝑖𝑖
𝑛𝑛 (𝑛𝑛² − 1) 

Note: 
rs = Rank Spearman corelation coeficient 
d = ranking difference between variables 
n = number of samples or data 

After determining the correlation coefficient value from the above formula, the 
result value can be set into the value interval to determine the relationship that will be 
generated. The relationship between the factors that influence WhatsApp usage with 
the level of use of the WhatsApp can can be seen in Table 3 [56]. 

 
Interval Score (+/-) Relationship Strength 

0,0 None 
0,1 Negligible 
0,2 Weak 
0,3 Moderate 

0,4 - 0,6 Strong 
0,7 – 0,9 Very Strong 

1,0 Perfect 

Table 3. Interval Score and Usage Perception  

4. Result and Discussion 

4.1. Respondents Profile 

The respondents of this study were all fruit wholesalers in Giwangan Fruit and 
Vegetable Market in Yogyakarta City. There are 73 traders registered at the Giwangan 
Market Management Office, however only 45 people are eligible and are willing to 
become respondents. Several traders have more than one shop with different names, 
and others no longer trade even though they are still registered in the Giwangan 
Market Office. Based on the data, the profile of fruit wholesaler is then arranged. 
There are several indicators to describe the profile of traders, namely: gender, age, 
level of education and trading experience, as presented in Table 4. 

 

No Variable Range Respondent 
Number % 

1 Gender Male 38 84.4 
Female 7 15.6 

2 Age (Year) ≤ 18  0 0,0 
19 – 35  29 64,4 
36 – 55  14 31,1 
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𝑛𝑛 (𝑛𝑛² − 1) 

Note: 
rs = Rank Spearman corelation coeficient 
d = ranking difference between variables 
n = number of samples or data 

After determining the correlation coefficient value from the above formula, the 
result value can be set into the value interval to determine the relationship that will be 
generated. The relationship between the factors that influence WhatsApp usage with 
the level of use of the WhatsApp can can be seen in Table 3 [56]. 

 
Interval Score (+/-) Relationship Strength 

0,0 None 
0,1 Negligible 
0,2 Weak 
0,3 Moderate 

0,4 - 0,6 Strong 
0,7 – 0,9 Very Strong 

1,0 Perfect 

Table 3. Interval Score and Usage Perception  

4. Result and Discussion 

4.1. Respondents Profile 

The respondents of this study were all fruit wholesalers in Giwangan Fruit and 
Vegetable Market in Yogyakarta City. There are 73 traders registered at the Giwangan 
Market Management Office, however only 45 people are eligible and are willing to 
become respondents. Several traders have more than one shop with different names, 
and others no longer trade even though they are still registered in the Giwangan 
Market Office. Based on the data, the profile of fruit wholesaler is then arranged. 
There are several indicators to describe the profile of traders, namely: gender, age, 
level of education and trading experience, as presented in Table 4. 

 

No Variable Range Respondent 
Number % 

1 Gender Male 38 84.4 
Female 7 15.6 

2 Age (Year) ≤ 18  0 0,0 
19 – 35  29 64,4 
36 – 55  14 31,1 
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> 54  2 4,4 
3 Education Elementary 6 13.3 

Junior High School 6 13.3 
Senior High School 27 60.0 
Graduate 6 13.3 

4 Trading Experience 
(Year) 

≤ 5  15 33,3 
6 – 10  4 8,9 
11 – 20  21 46,7 
> 20  5 11,1 

Table 4. Socio-demographic Characteristics of Traders  

Table 4 shows that the majority of fruit traders in Yogyakarta's Giwangan Fruit 
and Vegetable Centr Market are male with a percentage of 84.4%. Men dominate the 
merchant population for the reason that most of the work done has started early in the 
morning so that men are more free to work with these situations and conditions than 
women. However, in the context of using WhatsApp, gender has no significant effect 
[57]. 

Furthermore regarding the age of traders, the majority of traders aged between 
19-38 years or covering 64.4% of the total trader population. Age between 19-38 years 
in 2019 is the age range of millennial generation. Some studies mention that millennial 
generation is the generation born between 1980-2000 [58], [59]. Among the 
characteristics of millennial generation is their closeness to digital technology and the 
internet [60]. This is certainly an important finding that the majority of fruit traders 
are already familiar with digital technology to support their work. 

Finally in the trader's profile is the factor of experience or length of trading. The 
data shows that 46.7% of traders have experience of 10 to 20 years, and there are even 
11.1% who have traded for more than 20 years. Nevertheless there are still a third or 
33.3% of traders who only have experience of between 0 and 5 years. This is likely 
for young traders, especially the previous data states that the majority of traders (64%) 
are between 19-38 years. Experience in business is expected to support the adoption 
of new technologies  [61]. 

4.2. The Level of Use of WhatsApp Application  

The usage level of WhatsApp in marketing communications of fruit wholesalers was 
analyzed from several marketing communication indicators which include the use in 
sales promotion, personal sales and public relations [62]. Each indicator was analyzed 
its average score and then classified according to the category of achievement score, 
which starts from the category of very low to very high. This research shows that the 
overall level of use of the WhatsApp application in marketing communication by 
wholesalers was relatively high as presented in Table 5. 
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Indicator Average 
Score 

Score 
(%) Category 

Sales Promotion 4.24 80.93 Very High 
Personal Sales 4.19 79.81 High 
Public Relation 3.41 60.28 High 

Total 3.95 73.67 High 

Table 5. Usage Level of WhatsApp Application  

Table 5 indicates that three indicators of the level of use of WhatsApp application 
are at the very high and high score category level. The sales promotion indicator 
shows a very high category with an achievement score of 80.93% and an average 
value of 4.24. The promotion indicator shows a very high category in the use of the 
WhatsApp application by traders perhaps because promotion is the main activities in 
marketing of fruit, and WhatsApp provides facilities to spread information [63] in 
order to support sales promotions [64] easily and inexpensively. 

Moreover, the level of use WhatsApp in personal sales indicators shows high 
category with an achievement score of 79.81% with an average score of 4.19. This is 
in line with previous research which states that some features and services in the 
WhatsApp application can support sales activities [65]. Another reason is may 
because the use of WhatsApp provide interactivity between sellers and buyers, allows 
connecting with other marketing channels, and personalize the customers [66]. 

The last variable is public relations which shows a high category with a score of 
60.28% and average score of 3.41. Public relations has an important meaning in 
marketing communication since it could build a good image to consumers and other 
trading stakeholders. WhatsApp offers several features that support public relations 
activities such as being able to share photos, videos and also create groups [67]. 
Communication and image building could be carried out through the WhatsApp 
group. 

4.3. Factors that Influence the Use of WhatsApp Application  

WhatsApp as a technology that has not been so long known, launched in 2009, has 
been widely used by people and not just utilized as a sender of messages, but also a 
tools of networking [68]. Its use in marketing communication is also the development 
of use as a message sender application. 

There are several factors that are likely to influence the use of the WhatsApp 
application by traders in fruit marketing communication. Based on previous studies 
[69], [70], this study proposes educational factors, convenience factors, benefit 
factors, reference group factors and saving factors as factors that influence the use of 
WhatsApp on marketing communication by fruit traders. Furthermore, these factors 
were analyzed its scores and categories of influence as presented in Table 6. 
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Indicator Average 
Score 

Score 
(%) Category 

Sales Promotion 4.24 80.93 Very High 
Personal Sales 4.19 79.81 High 
Public Relation 3.41 60.28 High 

Total 3.95 73.67 High 

Table 5. Usage Level of WhatsApp Application  

Table 5 indicates that three indicators of the level of use of WhatsApp application 
are at the very high and high score category level. The sales promotion indicator 
shows a very high category with an achievement score of 80.93% and an average 
value of 4.24. The promotion indicator shows a very high category in the use of the 
WhatsApp application by traders perhaps because promotion is the main activities in 
marketing of fruit, and WhatsApp provides facilities to spread information [63] in 
order to support sales promotions [64] easily and inexpensively. 

Moreover, the level of use WhatsApp in personal sales indicators shows high 
category with an achievement score of 79.81% with an average score of 4.19. This is 
in line with previous research which states that some features and services in the 
WhatsApp application can support sales activities [65]. Another reason is may 
because the use of WhatsApp provide interactivity between sellers and buyers, allows 
connecting with other marketing channels, and personalize the customers [66]. 

The last variable is public relations which shows a high category with a score of 
60.28% and average score of 3.41. Public relations has an important meaning in 
marketing communication since it could build a good image to consumers and other 
trading stakeholders. WhatsApp offers several features that support public relations 
activities such as being able to share photos, videos and also create groups [67]. 
Communication and image building could be carried out through the WhatsApp 
group. 

4.3. Factors that Influence the Use of WhatsApp Application  

WhatsApp as a technology that has not been so long known, launched in 2009, has 
been widely used by people and not just utilized as a sender of messages, but also a 
tools of networking [68]. Its use in marketing communication is also the development 
of use as a message sender application. 

There are several factors that are likely to influence the use of the WhatsApp 
application by traders in fruit marketing communication. Based on previous studies 
[69], [70], this study proposes educational factors, convenience factors, benefit 
factors, reference group factors and saving factors as factors that influence the use of 
WhatsApp on marketing communication by fruit traders. Furthermore, these factors 
were analyzed its scores and categories of influence as presented in Table 6. 
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Variable Average 
Score 

Score 
(%) Category 

Education 3.73 68.33 High 
Convenience 4.56 88.89 Very High 
Benefit 4.01 75.14 High 
Reference group 3.57 64.26 High 
Economic 4.32 83.06 Very High 

Total 4.04 75.94 High 

Table 6. The Level of Use of WhatsApp Application  

Table 6 shows that factors that influence the use of the WhatsApp application 
have several indicators with different categories, from high to very high. The 
difference in the level of use of WhatsApp is influenced by the level of merchant 
approval in the selection of existing variables. There are 2 variables that show a very 
high category, namely convenience variable and economic variable. Convenience 
variable has a very high category with the score obtained by 88.89% and the average 
score of 4.56. This shows that WhatsApp as an application does not provide 
difficulties for traders in using it. Another thing that might be the reason is because 
most traders (64.5%) are millennials generation whith aged between 19 to 38 years 
old who are very familiar with new technology such as WhatsApp [71], [72]. 

The next variable that shows a very high category is the economic variable with 
an achievement score of 83.06% and an average score of 4.32. Reasons for economical 
view in using WhatsApp can be understood since in business the cost factor is very 
important [73]. Traders feel that using WhatsApp can save costs because they do not 
need to pay more for mobile service in order to contact suppliers or consumers. 
Another reason is that it can save time in buying fruit to suppliers since they do not 
have to go to see and buy the fruit but just to share the pictures using WhatsApp. 

Moreover the other variables, namely education variable, benefit variable and 
reference group variable, show high category. Educational variables get a high 
category with a score of 68.33% with an average score of 3.37. It shows that the 
education factor has a significant role in the merchant's decision to use WhatsApp in 
marketing communication. Educational factors have an influence in facing difficulties 
in using new technologies and applications such as WhatsApp [74]. 

While the benefit variable gets a high category with a score of 75.14% and an 
average score of 4.01. Traders feel the benefits after using WhatsApp such as 
promoting fruit, knowing information about the price of fruit in the market so that 
traders can make decisions faster in order to increase sales. The last variable is 
reference group shows a high category with a score of 64.26% and an average score 
of 3.57. This indicates that reference groups such as family, other traders and 
consumers have an influence on the use of the WhatsApp to communicate. This can 
be understood since in Indonesia WhatsApp is the most popular mobile messaging 
application which was used by the majority of the population, with penetration of 83% 
of the population in 2018 [75]. 
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4.4. Relationship Between the Level of Use of WhatsApp Application with 
Factors That Influence the Use of WhatsApp Application  

The next analysis is about the relationship between the level of use of WhatsApp 
application with the factors that influence the use of WhatsApp application on fruit 
marketing communication. This relationship can be positive or negative. The positive 
sign indicates that the stronger the relationship of the factors that influence the use of 
the WhatsApp application with the factors that influence the use of the WhatsApp 
application, the higher the level of use of the WhatsApp application by traders. While 
the negative sign illustrates the weaker relationship of factors affecting WhatsApp 
usage. The detail of the results can be seen in Table 7. 

 

Variable 

The Level of the Use of WhatsApp on Marketing 
Communication Activity 

Sales 
Promotion  

Categ
ory 

Personal 
Sales  

Categor
y 

Public 
Relation  

Catego
ry 

Education 0,180 Week -0,045 Week -0,074 Week 
Easy to 
use 

0,268 Week   0,429 Strong   0,555 Strong 

Benefit  0,541 Strong   0,520 Strong   0,623 Strong 
Reference 
group 

0,247 Week  0,281 Week   0,360 Modera
te 

Economic
al view 

0,059 Week  0,176 Week   0,265 Week 

Table 7. Coefficient of Correlation of Factors that Influence the Use of WhatsApp 
Application  

Table 5 shows that there are several number of variables that have been shown to 
have a strong positive relationship. The easy to use variable is proven to have a 
positive and strong relationship with public relations and quite strong relationship 
with personal sales with a correlation coefficient of 0.555 and 0.429 respectively. This 
shows that the easier it is to use WhatsApp, the more it is used in public relations and 
personal sales activities in fruit marketing communication. The ease of use of mobile 
technology applications such as WhatsApp has indeed become an important factor in 
its use [73]. 

Furthermore, the benefit variable has a strong and positive relationship with all 
indicators of marketing communication icluding sales promotion, personal sales and 
public relations with correlation coefficients of 0.541, 0.520 and 0.623, respectively. 
This results indicate that the higher the benefits of using WhatsApp, the higher its use 
in marketing communication activities including sales promotion activities, individual 
sales and public relations. The benefit of using WhatsApp is one of the reasons for its 
popularity [76]. In the context of usage for public relations which is also has strong 
relationship, it may because WhatsApp could bring an intimate relationship compare 
to another social media such as Facebook [77]. 
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the WhatsApp application with the factors that influence the use of the WhatsApp 
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Table 7. Coefficient of Correlation of Factors that Influence the Use of WhatsApp 
Application  

Table 5 shows that there are several number of variables that have been shown to 
have a strong positive relationship. The easy to use variable is proven to have a 
positive and strong relationship with public relations and quite strong relationship 
with personal sales with a correlation coefficient of 0.555 and 0.429 respectively. This 
shows that the easier it is to use WhatsApp, the more it is used in public relations and 
personal sales activities in fruit marketing communication. The ease of use of mobile 
technology applications such as WhatsApp has indeed become an important factor in 
its use [73]. 

Furthermore, the benefit variable has a strong and positive relationship with all 
indicators of marketing communication icluding sales promotion, personal sales and 
public relations with correlation coefficients of 0.541, 0.520 and 0.623, respectively. 
This results indicate that the higher the benefits of using WhatsApp, the higher its use 
in marketing communication activities including sales promotion activities, individual 
sales and public relations. The benefit of using WhatsApp is one of the reasons for its 
popularity [76]. In the context of usage for public relations which is also has strong 
relationship, it may because WhatsApp could bring an intimate relationship compare 
to another social media such as Facebook [77]. 
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4.5. Conclusion  

Based on the results and discussion, it can be concluded that the majority of whatsapp 
users among traders are male from millennial generation with high school education. 
Furthermore the level of use of Whatsapp application in marketing communications 
by fruit wholesalers at a high level. This is indicated by Whatsapp usage level 
variables such as sales promotions which is shows in a very high category, and 
variable of personal sales and public relations at high categories. The high level of use 
of the WhatsApp application among traders is supported by the profile of the majority 
of them with a young age and a good level of education. 

Furthermore, regarding the factors that influence the use of the WhatsApp 
application, this study concludes that convenience and economic reasons are the most 
influential factors in the use of the WhatsApp application by traders, compare to other 
factors such as education, benefits and reference groups with lower influence. Finally 
the relationship between the level of use of WhatsApp and the factors that influence 
the use of WhatsApp on fruit marketing communication by traders, this study found 
that there is a significant strong relationship between the benefits factor and the use 
of WhatsApp in marketing marketing communication activities that include sales 
promotion activities, personal selling and public relations. The easy to use factor is 
proven to have a moderate relationship but only on personal selling activities and 
public relations. 
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Abstract 
The end-user computing satisfaction model (EUCS) has been widely used in previous 
studies, and Enterprise Resource Planning. Therefore, Enterprise Resource Planning 
(ERP) System, need to be developed in accordance with cloud computing that dominate 
current information technology devices. This study was carried out to test the expansion 
of the EUCS model in a cloud-based ERP system. Therefore, the purpose of this 
research is to re-examine the validity and reliability of the computer application 
satisfaction model and its relationship with user performance in cloud-based ERP 
system. The overall satisfaction variable is added as a mediation between the 
satisfaction model and user performance. Data was collected through snowball 
sampling with a questionnaire distributed to the cloud-based ERP users. Additionally, 
data processing was conducted using the Second-order concept in structural equation 
modeling with the Partial Least Square approach. Since data processing using WarpPLS 
confirmed the validity and reliability of the model and all relationships between 
variables, this research contributes theoretically to the study of end-user satisfaction 
from information technology applications. Its final section describes the limitations and 
opportunities for future research. 
Keywords: ERP, Cloud-based, EUCS, end-user satisfaction, performance 

1. Introduction  
The end-user computing satisfaction (EUCS) was initially developed to measure the 
satisfaction level of end-user computers in the early 1980s. EUCS is a measurement 
of affective attitudes towards specific computer-based applications by someone 
directly interacting with the applications [1].According to the EUCS concept, user 
satisfaction is measured based on the perception of content, accuracy, format, ease of 
use, and timeliness. With these 5 dimensions, satisfaction shows the excellent quality 
and acceptance level of the system application used. Until now, EUCS has been 
widely applied in various types of computer internet-based applications studies, 
including the ERP application. 

Previous studies have shown adequate consistency and validity in measuring the 
satisfaction of end-user information systems [1]–[7]. Previous research showed that 
the EUCS instrument is consistent in measuring user satisfaction for conventional 
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ERP systems [6]. ERP users are delighted with the system’s accuracy, and they 
provide the highest rank for the timeliness. The ease of use and user-friendliness was 
ranked the lowest. The psychometric properties of EUCS appear strong in all studies 
and user groups. However, some studies stated that EUCS could not be used as a final 
model in explaining the end-user satisfaction of computer applications [6], [7]. 
Furthermore, research suggested to improve by re-validating and extending the EUCS 
Model [6]. Subsequently, this study validates the EUCS model concerning cloud-
based Enterprise Resource Planning (ERP) users. 

According to Zhong & Rhode  [8], cloud-based ERP applications is a new 
domain, with little research conducted on their adoption. The EUCS instrument has 
not been validated on ERP cloud. This research examines the ERP application and its 
relation to the computing domain separately. The prospects for future developments 
that allow migration from conventional to cloud-based ERP, the EUCS model is re-
evaluated on cloud-based ERP users. 

Cloud-based ERP testing was performed because there is much anecdotal 
evidence pointing to its benefits, especially in organizations. For instance, there is 
increased efficiency with high application scalability, lower hardware costs, 
information integration, and faster response time to customers. This leads to improved 
customer satisfaction and company image [9]. 

 ERP is an interesting research topic, though its implementation is expensive[10], 
[11]. However, the factors of globalization, centralization, and performance 
improvement make large and small-scale companies implement ERP [12]. Reports 
from several application supervisors support the increase in the number of companies 
investing in the ERP sector. For instance, Oracle claims that there has been a massive 
investment in cloud-based ERP systems. This is in line with the report from the global 
ERP Software Market, published by KBV Research in 2019[13]. The report predicts 
a substantial increase in the ERP market in 2025. Therefore, it is challenging to assess 
the benefits of this substantial investment. The challenge is whether a substantial 
investment in implementing the ERP application is beneficial to the company in terms 
of value.  

1.1. End-User Satisfaction Model in ERP Systems  

The concept of user satisfaction was initially intended to assess the success of 
information system implementation. Satisfaction is closely related to the success of 
the system in fulfilling user needs [2], [14]. Furthermore, user satisfaction shows 
whether the implemented system is effective [1]. Overall individual satisfaction 
towards information systems is evaluated cognitively. Measurements should be 
conducted to determine whether the system has fulfilled user needs. Based on the 
overall satisfaction, this study adopts the concept proposed in [1]. It expands the 
EUCS model towards overall user satisfaction. This variable serves as a mediation 
between the EUCS model and individual performance in using ERP cloud system, 
especially SaaS with Oracle vendors. 

 The relationship between user satisfaction and individual performance is based 
on interaction with the system. Previous research focused on ERP impact at the 
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overall satisfaction, this study adopts the concept proposed in [1]. It expands the 
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organizational level, with very few examinations on how it influences individual users 
[15]. When the use of an ERP system is beneficial to the organization, the end-users 
also indirectly benefit from using it. This is possible because the end-user always 
interacts with the system. Furthermore, when the end-users feel the benefits, their 
productivity positively affects the organization. Therefore, successful implementation 
of the system should be measured based on user satisfaction. The study confirmed the 
relationship between satisfaction and individual performance in using ERP systems 
[8]. This was supported by similar studies in various application groups, such as e-
learning [16], customer information systems [17], e-government systems [18], and m-
banking [19].

Based on the description above, this study confirms and extends the End User 
Computing Satisfaction (EUCS) model. Confirmation is conducted in the domain of 
cloud-based ERP systems, especially for SaaS with Oracle vendors. Furthermore, the 
satisfaction model is related to end-user performance [8], [9], [12], [15], [17]. Based 
on the model developed, expansion is conducted by adding the overall satisfaction 
variable [1]. Although the EUCS model has been widely used in various studies with 
different information system applications, this research contributes to cloud-based 
ERP systems. Furthermore, the user satisfaction instrument is tested with the second-
order variable concept. 

1.2. Research Model 

  The research model predicts that a higher user satisfaction level of ERP cloud system 
increases performance, as shown in Figure 1. The user satisfaction model is based on 
the ease of use, content, timeliness, accuracy, and format. Furthermore, the model is 
extended towards overall satisfaction and related to individual performance. Hence, it 
follows the concept of the ERP User Satisfaction as the second-order latent variable. 
The indicators of this variable are ease of use, content, timeliness, accuracy, and 
format, which is the first-order latent variable.

      

           

Figure 1 The Research Model
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Based on the EUCS concept designed by Doll & Torkzadeh  [20], user satisfaction is 
defined as the extent to which application users believe that the available system meets 
their requirements. The user satisfaction component is their interaction experience 
when using the application. This is reflected in the affective attitude of satisfaction 
towards measurable applications through 5 dimensions, namely 1) ease of use that 
reflects user-friendliness, 2) content that meets user expectations, 3) timeliness of 
information presentation, 4) accuracy of the information and 5) presentation format 
of information under user expectations, [5] 

The previous studies results  [1], [2], [6], [7]  provide empirical evidence and 
confirmation of the 5 dimensions that establish EUCS. Ease of use is a subjective 
perception by users. It reflects user-friendliness [6] in browsing, finding, and editing 
content provided by the system [17]. An easy-to-use system provides satisfaction to 
users because they do not experience operational problems. Furthermore, the easier 
the access to the system, the more users feel the benefits. 

Similarly, the good content design tends to generate useful information for its 
users and increase their trust [21][17]. Information content that meets user 
expectations impacts on their satisfaction ability to carry out their job. The more 
appropriate the content presented by the application, the better the response given by 
the user. 

This is not less important than other dimensions, whereby the timeliness and 
accuracy of presenting information also play an important role in determining system 
user satisfaction because it is related to their accuracy in solving problems [1]–[3]. 
Inaccurate information leads to errors in the decision-making process, with the format 
defined as the presentation of information in a form that matches user expectations. 
Application users can use the system, browse the site, find and edit content according 
to an information presentation format and help others understand information clearly 
[21][17]. 

Furthermore, the relationship between end user satisfaction and individual 
performance is explained through the successful implementation of the system, which 
is described as the level of acceptance by users willing to voluntarily use it to meet 
their various needs [22]. Successful system implementation reflects on their 
acceptance, which is manifested from the level of use and increased individual 
performance [1], [5]. 

Therefore, based on the description above, the research hypothesis is formulated 
as follows: 

H1: Ease of Use is a forming element in cloud ERP user satisfaction 
H2: Content is a forming element in cloud ERP user satisfaction 
H3: Timeliness is a forming element in cloud ERP user satisfaction 
H4: Accuracy is a forming element in cloud ERP user satisfaction 
H5: Format is a forming element in cloud ERP user satisfaction 
H6: ERP Cloud User Satisfaction is related to overall Satisfaction 
H7: Overall satisfaction is related to user performance.  
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The next section explains the research methods consisting of data collection, 
variable operationalization, and data processing methods. This is followed by the 
analysis section and discussion of the data processing results, as well as conclusions. 

2. Research Method 
The following diagram explains the approach used in this research 
 

 
Figure 2. Research Method 

This study used primary data by distributing questionnaires from October to 
November 2019. Respondents were end-users of the Cloud-based SaaS ERP system 
in Jakarta, especially with Oracle vendors. Data were collected using the snowball 
sampling technique with Google Form and sent via social media using Whatsapp, 
Line, or e-mail. The data collection obtained 100 responses. Furthermore, the 
questionnaire was compiled based on the EUCS model, which had been translated 
into Indonesian. It was modified by measuring the overall satisfaction of the research 
adoption results [1]. The modification of previous studies [8], [9], [12], [15], [17] was 
used to measure individual performance according to the use of ERP cloud system. 
The following sections describe each instrument. 

2.1. Variable Operationalization 

The following are the dimensions and constructs used in this study. 
 
End-User Computing Satisfaction (EUCS) 
Based on the measurement Doll and Torkzadeh model[20], EUCS is formed from 

the following 5 dimensions: 
1. Ease of Use. This is the user satisfaction level due to interaction with 

the system easily understood without much effort. It is measured using 
following 5 questions: 
• ERP cloud is easy to operate. 
• The interaction with ERP cloud system is flexible. 
• ERP cloud is easy to understand. 
• There is no difficulty using ERP cloud. 
• ERP cloud is user friendly. 

2. Content. This is the extent to which the system output is available 
according to user needs, measured using 3 questions: 
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• ERP cloud helps provide the right information/according to the 
requirements. 

• ERP cloud displays the report as desired. 
• ERP cloud helps generate accurate information. 

3. Timeliness. This is how timely the information should be presented. It 
is measured using 3 questions: 
• ERP cloud helps provide up to date information. 
• ERP cloud supports the provision of information for a fast and precise 

time. 
• ERP cloud helps to release report results on time. 

4. Format. This is related to the application’s appearance as presented and 
used by the user. This variable is measured using 3 questions: 
• ERP cloud helps display output in a useful format. 
• ERP cloud helps to present information more clearly. 
• ERP cloud display formats are easy to understand. 

5. Accuracy. Refers to the degree of correctness of the information 
presented by technology, measured using 3 questions: 
• ERP cloud provides accurate information. 
• ERP cloud helps display the appropriately presented output. 
• ERP cloud helps reduce mis served in compiling reports. 

 
Overall satisfaction (OS)  
Overall satisfaction is an attitude towards the use of a cloud-based ERP system, 

measured using 6 questions: 
• I am satisfied with the convenience provided by ERP cloud. 
• I am satisfied with the content of ERP cloud. 
• I am satisfied with the timeliness of information available in ERP cloud. 
• I am satisfied with the format presented by ERP cloud. 
• I am satisfied in using ERP cloud. 
• Overall, I am satisfied in using ERP cloud. 

 
User Job Performance (UJP)  
This describes the user's performance achievement based on their experience in 

using a cloud ERP system. This variable is measured based on the IS Success Model 
with several adjustments: 

• Using ERP cloud allows me to accomplish tasks faster. 
• Using ERP cloud increases my productivity. 
• Using ERP cloud improves the performance of my job. 
• Using ERP cloud enables me to get more done. 
• Using ERP cloud enhances the results of my job. 

The indicators used in this study were measured using a 5-point Likert scale, 
where 1 represented strongly disagree and 5 strongly agree. A higher score indicated 
a high acceptance level for each statement. 
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2.2. Data Processing Methods  

Data were processed using the Structural Equation Model (SEM) method, with the 
Partial Least Square (PLS) or the Variance Based approach. The PLS method utilizes 
two interactive procedures that use least squares estimation for single and multi-
component models. PLS is a powerful analytical method because, with bootstrapping 
facilities, data is processed without considering assumption problems, such as multi-
collinearity, and normality. Moreover, data is processed with certain scale 
measurements, even with a small number of samples [18]. However, it is only used to 
predict models and assess the relationship between constructs [18]. The program used 
for data processing was WarpPLS 7.0, developed by Professor Ned Knock in 2010 
[23].  

In line with the PLS approach, the data were processed in stages consisting of:  
1. Testing the research model with second-order latent variables by 

evaluating the measurement model (Outer Model). 
2. Evaluating the structural model (Inner Model). 
3. Testing the model fit (Model Fit).  

2.3. Evaluation of the Measurement Model (Outer Model) 

The measurement model was evaluated to determine the effect of indicators in 
explaining the latent variables. This test was performed in 3 stages, including [23] 

1. Convergent Validity 
Convergent validity was assessed by comparing the correlation between the 
indicator and construct (loading factor) values. When the loading factor value 
is greater than 0.5, the indicator fulfills the Convergent Validity criteria. 

2. Discriminant Validity 
Discriminant Validity was assessed in 2 approaches. In the first approach, the 
cross-loading table between constructs was examined. When the correlation 
value of a construct in the same indicator is greater than other constructs, a 
latent construct predicts the indicator of each construct more than the other 
indicators. The second approach involved looking at the Average Variance 
Extracted (AVE) value, which should be greater than 0.5. 

3. Composite Reliability 
It was assessed by looking at the Composite Reliability and Cronbach's Alpha 
value. When the value of a construct is greater than 0.7, it fulfills the 
Composite Reliability criteria. 

2.4. Evaluation of Structural Model (Inner Model) 

The structural model was evaluated to test the significance of the relationship between 
the constructs. The evaluation was conducted in 3 stages [23], including: 

1. Evaluation of the R2 value was used to measure the degree of variation change 
in the independent variable towards the dependent variable. The higher the R2 
value, the better the prediction of the proposed research model. 
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2. Evaluation of the path coefficient value was used to assess the relationship 
between constructs. It is conducted by looking at the path coefficient score 
indicated by the p-value at p <0.05. 

3. Effect Size evaluation was performed to assess the effect of predictor latent 
variables from a practical perspective. When the value of the effect size is > 
0.35, the variable has a strong influence, and for a value <0.15 has a moderate 
and weak effect when it is less than 0.02. 

2.5. Evaluation of Fit Goodness Model 

At this stage, the assessment was performed by evaluating the suitability of the model 
towards the data collected. The evaluation was conducted using the fit index model 
provided in the output of WarpPLS version 7.0, as summarized in Table 1 [23]. 
 

Indeks Criteria 

Adjusted R2 >=0.70 => Strong, >= 0.45 => 
Moderate, <=0.25 => Weak 

Average Path Coefficient (APC) p <0.05 => acceptable 
Average R-Squared (ARS) p <0.05, => acceptable 
Average Adjusted R-Squared (AARS) p <0.05, => acceptable 
Average Block VIF (AVIF) <=5 => acceptable, <=3.3 =>ideally 
Average Full Collinearity VIF (AFVIF) <=5 => acceptable, <=3.3 =>ideally 

Tenenhaus GoF (GoF) >= 0.1 => small, >= 0.25 => medium, 
>=0.36 => large 

Sympson's Paradox ratio (SPR) >= 0.70 => acceptable, 1 ==> ideally 
R-squared Contribution Ratio (RSCR) > 0.90, acceptable, 1=> ideally 
Statistical Suppression Ratio (SSR) >= 0.70 => acceptable 
Nonlinear Bivariate Causality Direction 
Ratio (NLBCDR) >= 0.70 => acceptable 

Table 1. Model fit criteria 

3. Result  
General Description of Respondents and Research Variables 

The information in Table 2. illustrates that most respondents were women below 
the age of 30, with undergraduate education. Furthermore, the majority of respondents 
had less than 3 years of work experience in Financial & Accounting with staff 
positions. 
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Description Total Description Total 
Age Department  
< 30 year 66 66% Sales & Marketing 16 16% 
30-40 year 33 33% Financial & Accounting 67 67% 
> 40 year 1 1% Operating 4 4% 
Gender Production  3 3% 
Male 26 26% Supporting  4 4% 
Female  74 74% Purchasing  6 6% 
Experiences  Position  
<1 year 14 14% Supervisor 8 8% 
1-3 year 61 61% Staff 89 89% 
3-5 year  16 16%    
5-10 year 6 6% Education 
>10 year 3 3% Undergraduate 100 100% 

Table 2. Characteristics of respondents 

According to Table 3, characteristics of research variables describe the overall 
condition perceived as high, which is above 4 out of 5, except for ease of use, with a 
score of 3.64. This indicates a reasonably high satisfaction level for all variables. 
However, the items about ease of use on a cloud-based ERP system are still 
problematic. 
 

Variabel Total items Mean  
Ease of Use 5 3.64 
Content 3 4,20 
Timeliness 3 4.16 
Accuracy 3 4.18 
Format 3 4.15 
Overall Satisfaction 6 4.05 
User Job Performance 5 4.05 

Table 3. Characteristics of latent variables 

3.1. Measurement Model Evaluation (Outer Model) of First-Order 

Based on the first-stage evaluation results, all the first-order indicators forming the 
EUCS variable display the loading factor value greater than 0.7, except for the AC3 
indicator at 0.680. However, this value is still useful because it is above 0.5 [23]. The 
values of Cronbach Alpha, Composite Reliability (CR), and Average Extracted 
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Variance (AVE) are all greater than 0.7, as summarized in Table 4. Therefore, based 
on these results, all indicators have good convergent validity, and effectively explain 
latent variables.  

The next evaluation assessed the discriminatory validity of the construction by 
looking at the cross-loading value. The values in Table 5. show that all indicators have 
a higher correlation on the latent variable than the other variables. This is evidenced 
by the Average Extracted Variance (AVE) score. From Table 4, all indicators have 
AVE values greater than 0.5. Therefore, all indicators explain each latent variable 
well, as indicated by high correlation values. Subsequently, the First-order outer 
model was evaluated using composite reliability values and Cronbach's Alpha. As 
presented in Table 4, the values of the two measures for all latent variables show a 
score higher than 0.7. Therefore, the constructs have high reliability. 

 The first-order model test results show that the cloud-based ERP user satisfaction 
measurement model has fulfilled the concepts of convergent validity, discriminant 
validity, and composite reliability. Therefore, the first-order of EUCS instrument used 
has good validity and reliability. 
 

Indicator/ Variable/ Items Loading Factors 
Ease of use (Cronbach Alpha = 0.929, CR= 0.947, AVE = 0.784) 
EOU1 ERP cloud is easy to operate 0.747 
EOU2 The interaction with the ERP cloud system is flexible 0.919 
EOU3 ERP cloud is easy to understand 0.907 
EOU4 There is no difficulty using ERP cloud 0.921 
EOU5 ERP cloud is user friendly 0.919 
Content (Cronbach Alpha = 0.875, CR= 0.923, AVE = 0.800) 

CN1 ERP cloud helps provide the right information/according to the 
requirements 0.918 

CN2 ERP cloud displays the report as desired 0.878 
CN3 ERP cloud helps generate accurate information   0.887 
Timeliness (Cronbach Alpha = 0.875, CR= 0.923, AVE = 0.800) 
TM1 ERP cloud helps provide up to date information 0.918 

TM2 ERP cloud supports the provision of information for a fast and 
precise time 0.878 

TM3 ERP cloud helps to release report results on time 0.887 
Accuracy (Cronbach Alpha = 0.798, CR= 0.884, AVE = 0.721) 
AC1 ERP cloud provides accurate information 0.923 
AC2 ERP cloud helps display the appropriately presented output 0.921 
AC3 ERP cloud helps reduce misserved in compiling reports 0.680 
Format (Cronbach Alpha = 0.860, CR= 0.916, AVE = 0.784) 



125

JIOS, VOL. 45. NO. 1 (2021), PP. 115-135

WELI RE-EXAMINATION AND EXPANDING THE EUCS... 

 

Variance (AVE) are all greater than 0.7, as summarized in Table 4. Therefore, based 
on these results, all indicators have good convergent validity, and effectively explain 
latent variables.  

The next evaluation assessed the discriminatory validity of the construction by 
looking at the cross-loading value. The values in Table 5. show that all indicators have 
a higher correlation on the latent variable than the other variables. This is evidenced 
by the Average Extracted Variance (AVE) score. From Table 4, all indicators have 
AVE values greater than 0.5. Therefore, all indicators explain each latent variable 
well, as indicated by high correlation values. Subsequently, the First-order outer 
model was evaluated using composite reliability values and Cronbach's Alpha. As 
presented in Table 4, the values of the two measures for all latent variables show a 
score higher than 0.7. Therefore, the constructs have high reliability. 

 The first-order model test results show that the cloud-based ERP user satisfaction 
measurement model has fulfilled the concepts of convergent validity, discriminant 
validity, and composite reliability. Therefore, the first-order of EUCS instrument used 
has good validity and reliability. 
 

Indicator/ Variable/ Items Loading Factors 
Ease of use (Cronbach Alpha = 0.929, CR= 0.947, AVE = 0.784) 
EOU1 ERP cloud is easy to operate 0.747 
EOU2 The interaction with the ERP cloud system is flexible 0.919 
EOU3 ERP cloud is easy to understand 0.907 
EOU4 There is no difficulty using ERP cloud 0.921 
EOU5 ERP cloud is user friendly 0.919 
Content (Cronbach Alpha = 0.875, CR= 0.923, AVE = 0.800) 

CN1 ERP cloud helps provide the right information/according to the 
requirements 0.918 

CN2 ERP cloud displays the report as desired 0.878 
CN3 ERP cloud helps generate accurate information   0.887 
Timeliness (Cronbach Alpha = 0.875, CR= 0.923, AVE = 0.800) 
TM1 ERP cloud helps provide up to date information 0.918 

TM2 ERP cloud supports the provision of information for a fast and 
precise time 0.878 

TM3 ERP cloud helps to release report results on time 0.887 
Accuracy (Cronbach Alpha = 0.798, CR= 0.884, AVE = 0.721) 
AC1 ERP cloud provides accurate information 0.923 
AC2 ERP cloud helps display the appropriately presented output 0.921 
AC3 ERP cloud helps reduce misserved in compiling reports 0.680 
Format (Cronbach Alpha = 0.860, CR= 0.916, AVE = 0.784) 
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FM1 ERP cloud helps display output in a useful format 0.915 
FM2 ERP cloud helps to present information more clearly 0.936 
FM3 ERP cloud display formats are easy to understand 0.799 

Table 4. Test result for first-order outer model 

 
Figure 3. First-order laten variable 

3.2. Measurement Model Evaluation (outer model) of Second-Order 

After the first-order latent variables evaluation showing good validity and reliability, 
the second-order latent variables were tested. The summary results in Table 6 
illustrates the acceptable values for all indicators because it has a loading factor 
greater than 0.7. Similarly, the Cronbach Alpha, Composite Reliability (CR), and 
Average Extracted Variance (AVE) values were greater than 0.7. Furthermore, the 
evaluation of discriminant validity, as seen from the loading factor value, shows 
adequate results. As presented in Table 7, all indicators have a higher correlation or 
loading factor value for the latent variable than the other variables. Therefore, all 
measurement models for first-order and second-order have good discriminant validity, 
convergent validity, and composite reliability. 
 

 EOU CN TM AC FM SE P value 
EOU1 0.747 0.235 0.000 0.054 0.082 0.082 <0.001 
EOU2 0.919 -0.279 0.000 -0.074 0.132 0.078 <0.001 
EOU3 0.907 0.139 0.000 -0.191 0.014 0.078 <0.001 
EOU4 0.921 -0.140 0.000 0.164 -0.094 0.078 <0.001 
EOU5 0.919 0.091 0.000 0.055 -0.119 0.078 <0.001 
CN1 -0.062 0.918 0.000 0.204 0.010 0.078 <0.001 
 EOU CN TM AC FM SE P value 
CN2 0.067 0.878 0.000 -0.260 0.155 0.079 <0.001 
CN3 -0.002 0.887 0.000 0.046 -0.164 0.079 <0.001 
TM1 -0.062 0.787 0.918 0.204 0.010 0.078 <0.001 
TM2 0.067 0.914 0.878 -0.260 0.155 0.079 <0.001 
TM3 -0.002 0.986 0.887 0.046 -0.164 0.079 <0.001 
AC1 0.150 0.158 0.000 0.923 -0.208 0.078 <0.001 
AC2 -0.077 0.108 0.000 0.921 0.100 0.078 <0.001 
AC3 -0.099 -0.361 0.000 0.680 0.148 0.083 <0.001 

EOU
(R)5i

FM
(R)3i

AC
(R)3i

TM
(R)3i

CN
(R)3i
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FM1 -0.226 0.069 0.000 -0.056 0.915 0.078 <0.001 
FM2 -0.202 -0.074 0.000 0.057 0.936 0.078 <0.001 
FM3 0.495 0.008 0.000 -0.003 0.799 0.080 <0.001 

Table 5. Cross loading first-order 

Indicator/ Variable/items Loading Factors 
ERP User Satisfaction (Cronbach Alpha = 0.924, CR= 0.944, AVE = 0.773) 
EOU Ease of Use 0.730 
CN Content 0.934 
TM Timeliness  0.934 
AC Accuracy 0.873 
FM Format 0.909 
Overall Satisfaction (Cronbach Alpha = 0.954, CR= 0.963, AVE = 0.813) 
US1 I am satisfied with the convenience provided by ERP cloud. 0.934 
US2 I am satisfied with the content of ERP cloud. 0.925 
US3 I am satisfied with the timeliness of information available in ERP cloud. 0.916 
US4 I am satisfied with the format presented by ERP cloud. 0.852 
US5 I am satisfied in using ERP cloud 0.899 
US6 Overall, I am satisfied in using ERP cloud 0.881 
User Job Performance (Cronbach Alpha = 0.948, CR= 0.960, AVE = 0.829) 
UJP1 Using ERP cloud allows me to accomplish tasks faster 0.912 
UJP2 Using ERP cloud increases my productivity 0.943 
UJP3 Using ERP cloud improves the performance of my work 0.930 
UJP4 Using ERP cloud enables me to get more done 0.869 
UJP5 Using ERP cloud enhances the results of my work 0.895 

Table 6. Test result for second-order outer model 

 EUCS OS UJP SE P value 
EOU 0.73 0.925 -0.263 0.082 <0.001 
CN 0.934 -0.25 0.09 0.078 <0.001 
TM 0.934 -0.25 0.09 0.078 <0.001 
AC 0.873 -0.258 -0.028 0.079 <0.001 
FM 0.909 0.018 0.054 0.078 <0.001 
US1 -0.002 0.934 -0.103 0.078 <0.001 
US2 -0.073 0.925 0.052 0.078 <0.001 
US3 -0.049 0.916 0.115 0.078 <0.001 
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FM1 -0.226 0.069 0.000 -0.056 0.915 0.078 <0.001 
FM2 -0.202 -0.074 0.000 0.057 0.936 0.078 <0.001 
FM3 0.495 0.008 0.000 -0.003 0.799 0.080 <0.001 

Table 5. Cross loading first-order 

Indicator/ Variable/items Loading Factors 
ERP User Satisfaction (Cronbach Alpha = 0.924, CR= 0.944, AVE = 0.773) 
EOU Ease of Use 0.730 
CN Content 0.934 
TM Timeliness  0.934 
AC Accuracy 0.873 
FM Format 0.909 
Overall Satisfaction (Cronbach Alpha = 0.954, CR= 0.963, AVE = 0.813) 
US1 I am satisfied with the convenience provided by ERP cloud. 0.934 
US2 I am satisfied with the content of ERP cloud. 0.925 
US3 I am satisfied with the timeliness of information available in ERP cloud. 0.916 
US4 I am satisfied with the format presented by ERP cloud. 0.852 
US5 I am satisfied in using ERP cloud 0.899 
US6 Overall, I am satisfied in using ERP cloud 0.881 
User Job Performance (Cronbach Alpha = 0.948, CR= 0.960, AVE = 0.829) 
UJP1 Using ERP cloud allows me to accomplish tasks faster 0.912 
UJP2 Using ERP cloud increases my productivity 0.943 
UJP3 Using ERP cloud improves the performance of my work 0.930 
UJP4 Using ERP cloud enables me to get more done 0.869 
UJP5 Using ERP cloud enhances the results of my work 0.895 

Table 6. Test result for second-order outer model 

 EUCS OS UJP SE P value 
EOU 0.73 0.925 -0.263 0.082 <0.001 
CN 0.934 -0.25 0.09 0.078 <0.001 
TM 0.934 -0.25 0.09 0.078 <0.001 
AC 0.873 -0.258 -0.028 0.079 <0.001 
FM 0.909 0.018 0.054 0.078 <0.001 
US1 -0.002 0.934 -0.103 0.078 <0.001 
US2 -0.073 0.925 0.052 0.078 <0.001 
US3 -0.049 0.916 0.115 0.078 <0.001 

JOURNAL OF INFORMATION AND ORGANIZATIONAL SCIENCES 

 
 

US4 -0.12 0.852 0.07 0.079 <0.001 
US5 0.02 0.899 -0.159 0.078 <0.001 
US6 0.225 0.881 0.03 0.079 <0.001 
UJP1 0.043 0.235 0.912 0.078 <0.001 
UJP2 0.192 -0.232 0.943 0.077 <0.001 
UJP3 0.151 -0.189 0.93 0.078 <0.001 
UJP4 -0.369 0.156 0.869 0.079 <0.001 
UJP5 -0.044 0.05 0.895 0.078 <0.001 

Table 7. Cross loading second-order 

3.3. Structural Model Evaluation (Inner Model)  

After obtaining validity and reliability results for all constructs, the structural model 
(Inner Model) was evaluated with second-order latent variables. The data analysis 
results for the Inner Model were presented in Figure 4. These results show that the R2 
value for Overall Satisfaction (OS) and User Job Performance (UJP) is 0.71 and 0.75, 
respectively, indicating high explanatory power. The R2 value shows that the various 
changes in the dependent variable of Overall Satisfaction (OS) are explained by 71% 
of the independent variable of satisfaction towards cloud-based ERP (EUCS). The rest 
is explained by other variables outside the proposed model. Similarly, the User Job 
Performance (UJP) variable is explained by 75% of the EUCS and OS variables. 
Therefore, this study fulfills the R2 criteria.   

3.4. Mediation Testing 

Based on the research model, the effect testing towards individual performance is 
conducted directly or indirectly through overall satisfaction. The WarpPLS output 
program results were used to test the mediation effect. The results of the WarpPLS 
output in Table 8 show that user satisfaction of cloud-based ERP plays a mediating 
role in individual performance. The mediation's role is indicated by the coefficient, p-
value, and effect size on the indirect and total effect tables [23]. As a requirement, all 
path coefficients should be significant in both model 1 (direct effect) and model 2 
(indirect effect) to fulfill the mediation effect. The analysis results in Figure 4 show 
that all pathways are significant. In model 1, user satisfaction with cloud-based ERP 
produces a coefficient value of 0.84 and significant at p < 0.01. Also, in the second 
model, all pathways produced significant results with a p-value of < 0.01. Table 8 
shows that the indirect effect size is 0.28 > 0.15, which indicates a sufficient, as well 
as the total effect [24].  

The next assessment evaluated the effect size value. Practically, the output of the 
WarpPLS effect size of 0.70 indicates a strong influence of the predictor latent 
variable (> 0.35) [24]. 
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Indirect effects P values for total effects 
  ES OS UJP   ES OS UJP 
UJP 0.333     OS <0.001     
p <0.001     UJP <0.001 <0.001   
SE 0.065     Standard errors for total effects 
Effect Size 0.28       ES OS UJP 
     OS 0.08     
     UJP 0.08 0.09   

Total effects Effect sizes for total effects 
  ES OS UJP   ES OS UJP 
OS 0.841     OS 0.707     
UJP 0.833 0.396   UJP 0.701 0.327   

Table 8. Indirect and Total Effects 

 
Figure 4. Full Model 

3.5. Testing of Fit Model 

The structural model testing showed a strong relationship between user satisfaction 
with cloud-based ERP systems and performance. Moreover, there is a mediating effect 
of ERP satisfaction. The fit model was then tested. Based on the results in Table 9, 
the model proposed in this study shows an acceptable fit level. The Average Path 
Coefficient (APC) and Average R-squared (ARS) criteria provide significant value at 
p < 0.001. The Average Full Collinearity VIF (AFVIF) gives a value of 3,381, 
meaning that the proposed model is fit with the data collected. 
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Based on the data in table 9, this research model has fulfilled the goodness of fit 
criteria. The p-value of APC and ARS, which is less than 0.05, is significant. 
Therefore, this research model is acceptable. 

 
Index Value Result 
Adjusted R2 0.705 > 0.7 => Strong 
Average Path Coefficient (APC)  0.001 p < 0.05 =>Acceptable 
Average R-Squared (ARS)  0.001 p < 0.05 =>Acceptable 
Average Adjusted R-Squared (AARS)  0.001 p < 0.05 =>Acceptable 
Average Full Collinearity VIF (AFVIF) 3.381 p<=5 => Acceptable 
Tenenhaus GoF (GoF) 0.753 >0.36 =>Large 
Sympson's Paradox ratio (SPR) 1 Ideally 
R-squared Contribution Ratio (RSCR) 1 Ideally 
Statistical Suppression Ratio (SSR) 1 Ideally 
Nonlinear Bivariate Causality Direction 
Ratio (NLBCDR) 1 Ideally 

Table 9. Inner model dan model fit result 

The analysis results of the first-order show that all items explain each of the latent 
variables. These results support the validity and reliability of the EUCS instrument, 
which was adopted to assess system user satisfaction in a cloud-based ERP system. 
Therefore, it can be concluded that Hypothesis 1, which states that Ease of Use is a 
forming element in cloud ERP has empirical support as indicated by the loading factor 
value of its latent variable which is greater than 0.7, namely 0.730. This means that 
the user satisfaction measurement remains consistent using the ease of use dimension 
that reflects user-friendliness. The system used can easily provide satisfaction to users, 
despite showing the smallest value among other dimensions. 

Hypothesis 2 which states that Content is a forming element in cloud ERP user 
satisfaction, that gets empirical support from the loading factor value of its variable 
by 0.934. Therefore, it can be concluded that the content presented by a cloud-based 
ERP system influences user satisfaction, while a high loading factor value indicates a 
strong explanatory level of satisfaction. Furthermore, the same loading factor value is 
also found in the Timeliness dimension, by 0.934, therefore, it can be concluded that 
Hypothesis 3 which states that Timeliness is a forming element in cloud ERP user 
satisfaction is supported empirically. This means that timeliness is still an important 
factor in determining user satisfaction when using cloud-based ERP systems. The test 
results for Hypothesis 4 which states that Accuracy is a forming element in cloud ERP 
user satisfaction is accepted by analyzing the loading factor value on the latent 
variable of 0.873. The accuracy of the information presented in a cloud-based ERP 
system contributes to user satisfaction. The last dimension in hypothesis 5, states that 
the format is a forming element in cloud ERP, with user satisfaction empirically as 
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shown by the loading factor value towards the latent variable of 0.909. The results 
confirm that these five hypotheses are in accordance with the previous studies in 
different applications [1], [2], [6], [7]. Therefore, this research adds confirmation of 
the EUCS validity and reliability in measuring user satisfaction for various computer 
applications or information technology, which continues to develop and influence the 
growth of various cloud-based applications. 

The next is Hypothesis 6 which states that ERP Cloud User Satisfaction is related 
to the overall Satisfaction, which also has empirical support as shown on the full 
model test results in Figure 4. The WarPLS output results indicate a P-value of < 0.1, 
which means that the relationship is significant and the hypothesis is empirically 
accepted. In the same way, the information in Figure 4 also provides empirical support 
for hypothesis 7 which states that the Overall satisfaction level is related to user 
performance. These results support the previous studies of [1], [5][22], which mean 
that individual satisfaction in their interactions with the system has a good impact on 
their work results. High satisfaction shows that user expectations in completing their 
work have been fulfilled and adequate in carrying out their tasks. 

The dimensions with the greatest contribution to this satisfaction model are 
content, accuracy, timeliness, and format. The ease of use dimension gets the smallest 
average value, especially for the operation of the ERP Cloud. These results confirm 
[6] where ease of use factor needs to be developed for both conventional and cloud-
based ERP systems. ERP systems are highly complex and require more effort and 
time to implement. Therefore, when the ERP becomes implemented, end-users should 
attend a series of training on how to use it.  

Another item with the lowest loading factor value is ERP Cloud that reduces 
errors in compiling reports. Users perceive cloud ERP systems as not sufficiently 
reducing errors in compiling reports. It is understood that accountants have a 
significant role in compiling financial reports sourced from the ERP system. The 
information is sufficiently available in the ERP system. However, it is not directly 
used or withdrawn from the system without going through a special process by the 
accountant. For instance, there is a justification process for certain accounts at the end 
of the period. 

4. Discussion 
The test results on the structural model confirm previous studies about the validity 
and reliability consistency of the EUCS instrument. This study has shown that the 
EUCS instrument remains consistent in measuring user satisfaction for cloud-based 
ERP systems. The validity and reliability of the instrument are still maintained despite 
undergoing several modifications. In line with the modifications made on the EUCS 
instrument by [2]–[4], [6], this study provides the same results regarding the EUCS 
consistency in measuring user satisfaction in this information age. 

The instrument is modified because it adjusts the nature of the computer or 
internet-based system used. The ease of use, content, timeliness, accuracy, and format 
dimensions are consistently used to measure end-user satisfaction of an information 
system or technology. In this research, the ease of use dimensions of a cloud-based 
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ERP system has the lowest score. However, this condition is in line with daily 
practice. Due to the relatively new nature of cloud-based ERP applications [4], end-
users should attend a series of training on how to use it. Furthermore, because of the 
integrated context, cloud-based ERP systems are not used individually with 
conventional accounting applications. ERP systems require coordination and 
collaboration with other related departments.   

There is a relationship between the end-user satisfaction model proposed in this 
study, both direct and indirect, with user performance. This relationship has empirical 
support showing the system’s usefulness in daily business processes from the end-
user perspective. High satisfaction in using Cloud ERP systems is greatly correlated 
with increasing individual performance. This study confirms the expansion of general 
user satisfaction measures. It provides an understanding of the dimensions as the 
assessment of user satisfaction with cloud-based ERP systems for their daily work. 
Furthermore, these results confirm previous studies on the relationship between end-
user satisfaction and individual performance within the framework of the IS Success 
model [5], [8], [12], [16]. Therefore, the construct variations of the EUCS and the IS 
Success Model are examined to show various aspects of the system's success from its 
users' perspective.  

According to [8], individual performance is evidenced by their interaction with 
the ERP system used in their daily work. Individual performance is measured by the 
time efficiency to complete quality work. End-users are assisted in obtaining the 
required information in the decision-making process, and how to identify the potential 
problems. Application development needs to pay attention to various aspects that 
affect individual performance improvement. As one of the implications of cloud 
computing technology development, applications should consider the ease or 
convenience in using applications in the future. Therefore, it is possible to expand the 
EUCS instrument. 

5. Conclusion  
This section provides an overall outline of all the research. The first section introduced 
the research, with various examples on the knowledge gap, work motivation, and 
research model. The explanation covers the concepts and conditions in the field of 
information systems using the EUCS model. Previous studies were analyzed using the 
EUCS model, which motivated the opening of opportunities to confirm and expand 
the EUCS model on the Cloud-based SaaS ERP system. In addition, the research also 
examines the relationship between ERP user satisfactions with their performance. 
Therefore, the first research model explains the confirmation towards the forming 
factors of EUCS, such as ease of use, content, timeliness, accuracy and format. 
Secondly, the model explains the relationship between EUCS with Overall user 
satisfaction and the third analyzes the relationship between Overall user satisfactions 
with User Job Performance. 

The research method in the second part describes all operational variables, data 
collection methods, and analysis techniques. The first variable used in this study was 



132

JIOS, VOL. 45. NO. 1 (2021), PP. 115-135

WELI RE-EXAMINATION AND EXPANDING THE EUCS... 

 

EUCS, which was measured using the concept proposed by Doll and Torkzadeh[20] 
consisting of 5 dimensions, which were treated as second-order latent variables. 
Secondly, the overall satisfaction variable is measured using 6 question items, while 
the last is the performance variable measured by 5 question items. Furthermore, for 
data processing, this study uses a structural equation model with a partial least square 
approach to carry out data testing in stages, such as the outer, inner and fit models. 
The third part is to explain the data processing results descriptively for each variable 
or analysis of hypothesis testing to examine the relationship between variables. 
Furthermore, discussions on data processing results are also presented in this section, 
along with conclusions.  

This study confirmed end-user computing satisfaction with cloud-based ERP in 
the currently developing environment. The system user satisfaction is tested for its 
relationship with individual performance using the IS Success Model concept. Testing 
using the second-order latent variable model on the EUCS variable shows that all 
dimensions consistently form user satisfaction. Almost all dimensions provide high 
mean values, except for ease of use. These results indicate that end-users do not feel 
the ease of using cloud-based ERP systems. The low score for the ease of use is due 
to the complexity of the cloud-based ERP system, which is slightly different from 
conventional models or other accounting applications. The use of information 
technology infrastructure that differs from conventional ERP makes end-users initiate 
various adjustments in its implementation. This research indicates that most users are 
not familiar with cloud-based ERP systems. However, they give a high enough score 
for the content, accuracy, timeliness, and format of the cloud-based ERP system. 

The expansion of the model revealed a mediating effect of the overall user 
satisfaction in the relationship between the EUCS satisfaction model and individual 
performance. The relationship between system end-user satisfaction and individual 
performance, either directly or indirectly obtained empirical support. These results 
indicate that the features of a cloud-based ERP system have impacted user 
performance improvement. A system with appropriate content, timeliness, accuracy, 
and a format that fulfills user expectations promotes efficiency and effectiveness in 
performance. 

The model’s expansion in measuring the overall end-user satisfaction is possible 
in developing applications, such as cloud computing. The use of IT infrastructure 
becomes more straightforward in cloud computing because of lower investment costs 
for companies. Therefore, the implementation cost is lower than conventional ERP 
because there is no license fee. Therefore, further research should add instruments 
related to comfort, flexibility, and efficiency to the user satisfaction component. This 
study focused on the end-user. Therefore, all results obtained are based on the user's 
experience and perceptions. Future research should extend focus to additional 
analysis, such as the impact on managerial performance and the company as a whole. 
Furthermore, task fit and productivity testing need to be prioritized for the satisfaction 
of end-user information systems. Finally, considering that cloud-based ERP is under 
the control of the service provider, then its use needs to be extended to the security of 
the company's internal control system. 
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study focused on the end-user. Therefore, all results obtained are based on the user's 
experience and perceptions. Future research should extend focus to additional 
analysis, such as the impact on managerial performance and the company as a whole. 
Furthermore, task fit and productivity testing need to be prioritized for the satisfaction 
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Abstract 
The E-marketing strategy is developed as a process of several stages that need to be 
well analyzed and constantly reviewed. The first stage of this process is situational 
analysis (internal and external factors). The research was focused on identifying 
internal and external factors. The Delphi technique was used in combination with the 
AHP method to answer the research questions. The research was conducted in three 
stages, according to the Delphi technique. In order to process the data in all three phases 
of the research Excel, SPSS, and the AHP-ON system were used. 36 experts of tourism 
industry from Kosovo and Albania took part in this study. Ranked based on the 
significance, of all factors and sub-factors the following indicated the highest influence: 
entrepreneurial attitudes and knowledge, management support, customer and supplier 
relationships, IT cost, competitor identification, competitor analysis, and innovation. 
Based on the scientific literature and the primary results, the conclusion and 
recommendations were drawn and a model was proposed by the author based on the 
contingency theory and the TEO framework. 
Keywords: E-marketing, strategies, external and internal factors, tourism industry, 
Kosovo, Albania, Delphi techniques, AHP method, contingency theory. 

1. Introduction 
Nowadays, tourism unites people in ways that were not thought of decades ago, and 
also has a high influence on the national and regional economy growth. The 
information technology (IT) applications have a huge impact on the marketing 
process. The application of IT creates strong competitive advantages in the areas of 
sales and marketing. Also, through the use of electronic broadcasting channels, social 
media platforms, and other innovations, suppliers connect to new and different 
markets [1]. Modern technology is expected to play an even more important role in 
the tourism industry in the years to come, given the fact that tourist expectations have 
recently increased in terms of service delivery. For tourism enterprises the application 
of information technology has influenced the increase of quality in service delivery, 
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the possibility of securing market existence, improvement of forms of communication 
with tourists, selling of tourism products, increasing the possibility of cooperation 
with other enterprises, increasing of income and cost reduction [2] .  

In recent years, within the framework of different marketing strategies, due to the 
benefits it offers, the attention is on e-marketing strategy.The E-marketing offers new 
marketing communication opportunities through the leading platform called Internet. 
Businesses that apply E-marketing achieve higher efficiency, greater return on 
investment, also through online campaigns, sales and the opportunity to attract 
potential customers are increased [3]. 

1.1. Purpose of the study and research questions 

This paper aimed to answer the research questions related to the factors influencing 
the E-marketing strategies in the tourism industry, analysis of the existing situation in 
our country, as well as giving recommendations for improving this situation. The main 
objective of this paper was to present which factors have the greatest influence on the 
design and implementation of E-marketing strategy in the tourism industry to hotel 
companies, airlines, and tour operators. 

The research was focused on the most important factors, such as: 

• Internal factors  
• External factors  

In addition, the objective of this research was to address the theoretical part of 
scientific theories, the marketing environment, and the factors influencing the E-
marketing strategy. 

 1.1.1. Research Questions: 

Based on the objectives and aims of the research, the following questions were 
answered:  

1. What are the internal factors that influence the E-marketing strategy in the 
tourism industry in Kosovo and Albania? 

2. What are the external factors that influence the E-marketing strategy in the 
tourism industry in Kosovo and Albania? 

3. Are there differences of opinion between the experts of the two countries 
about the importance of external and internal factors? 

4. Which of the external factors is most important in the E-marketing strategy 
of the tourism industry in Kosovo and Albania? 

5. Which of the internal factors is the most important in the E-marketing strategy 
of the tourism industry in Kosovo and Albania? 
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2. Methodology 

Based on the research models, this research is exploratory and descriptive. The 
qualitative and quantitative approach assisted to identify the most important aspects 
of the issue addressed. The descriptive method describes the external and internal 
factors that influence the process of E-marketing strategy. The research was conducted 
in three phases, the Delphi method was applied in all three stages, but in the third 
phase of research AHP (Analytical Hierarchy Process) method was applied in order 
to rank which of the factors are the most significant in the E-marketing strategy in the 
tourism industry. The three phases of this research are outlined in Figure 1. 

 
Figure 1. Stages of the research process. Source: Author. 

In the the first phase of the research was identified the group of experts with 
management and decision-making positions to be part of the open-ended questions 
survey, and to answer the first and second research questions using the Delphi method. 
In the second phase of the research, the second questionnaire was implemented, from 
which the answers to the third, fourth and fifth research questions came out. At this 
stage, various tests were used to analyse the second questionnaire: 

• Frideman Test (Ranking) 
• Alpha coefficient model (Correlation matrix) 
• Independent Samples t Test to compare Kosovo and Albania. 

The main focus of the research was to create a common list of influencing factors 
in three groups of entities: Hotels, airlines, tour operators, and agencies. Initially, the 
responses of the expert-decision-makers of the field of study to the questions posed 
by the researcher were analysed. In the second phase of the research, from the sub-
factors selected from the first questionnaire, a second questionnaire was created where 
these sub-factors were included. The questionnaire was structured, completed by 
questions that were predefined (using the Likert scale). The SPSS and Exel were used 
for this phase. In the third phase of the research, the AHP (Analytical Hierarchy 
Process) method was applied in order to rank the most important factors in the E-
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marketing strategy in tourism. The method consisted of the main goals of the research 
then defined the criteria and sub-criteria if any, and at the end of the structure, the 
alternatives were located. Initially, the two countries Kosovo and Albania were set as 
alternatives, but [4] suggests that for these research questions the structure of the 
hierarchical model can be structured without alternatives. He has presented similar 
examples in his research. 

The structure of the hierarchical research model according to the AHP method. 

 
Figure 2. The presentation of research hierarchy (AHP). Source: Adapted according to the  

author, based on [5]. 

In Figure 2 the main goals such as the focus on the influencing factors in the E-
marketing strategy were presented, the external and internal factors were defined as a 
criterion, as well as the external and internal sub-factors. The research was based on 
primary data, original data. As mentioned above, the research was divided into three 
phases according to the Delphi technique, so in Figure 3 the instruments used to 
collect the primary data were outlined. 

In the first phase of the research, combined techniques for primary data 
collection were used. For data collection, a self-administered survey form and e-mail 
survey were selected for the experts’ group. In the second and third phases of the 
survey, the online panel survey was applied. At this stage, the experts’ group has 
responded to the online questionnaire, created at https://my.survio.com/. In the second 
phase, the questionnaire is structured with closed-ended questions according to the 
Likert scale. While in the third phase the questionnaire was structured according to 
the AHP method, also created at https://my.survio.com/. 

3. Scientific theories of strategy building 
The E-marketing is considered as the new high-impact discipline in the field of 
tourism. The main focus of this paper was to identify the determinant factors in the 
adoption of E-marketing by different businesses, with the specific focus being on the 
tourism industry businesses. According to the literature review [6]–[10], the following 
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theories are presented that were used to explain the adoption of information 
technology and the factors influencing E-marketing:

• Theory of Reasoned Action (TRA)
• Theory of Planned Behavior (TPB)
• Innovation Diffusion Theory (IDT)
• Theory of Technological, Organizational and Environmental Framework 

(TOE)
• Technology Acceptance Model (TAM) and
• The Common Theory of Technology Acceptance and Use (UTAUT)
• Contingency Theory

Figure 3. Techniques of primary data collection. Source: Author.

Theory of Reasoned Action (TRA)
The Theory of Reasoned Action (TRA) was proposed by Ajzan and Fishbein, 

(1980). This theory provides explanations for consumer actions both in the online and 
offline contexts. Consumer behavior is the result of attitudes that are shaped by 
perceptions and norms. Attitude toward a behavior is a function of perceived 
statements related to the behavior and the value to the person, while subjective norms 
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can be presented as one’s perceptions of normative societal pressure to do or not to 
perform a particular behavior. Introducing behavioral intention through attitudes and 
social norm components are considered the best predictors of actual behavior [11]–
[13]. 

Theory of Planned Behavior (TPB) 
The Theory of Planned Behavior was proposed by the author Ajzen. According 

to this theory, conducting a behavior is conceived as a common function of goals and 
perceived behavioral control. The theory of planned behavior deals with antecedents 
of attitudes, subjective norms, and perceived behavioral control, antecedents which in 
the final analysis determine goals and actions. The Theory of Planned behavior 
provides a useful conceptual framework for dealing with the complexities of human 
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are: technological context, organizational context and environmental context [18]. In 
Figure 5 is shown the technological, organizational, and environmental structure: 

• The technological context encompasses all technologies that are in use by the 
firm, and in this context is also included the technology available in the 
market. So, it is available to the firm but does not currently use it due to 
different reasons [18], [20]. 

• The organizational context refers to firm characteristics and resources, 
including organizational structure, the connection of structures between 
employees, firm size, and quantity[18], [20].  

 

 
Figure 5. TOE Structure. Source: (Tornatzky dhe Fleischer, 1990) [19]. 

• The environmental context includes the industry structure, presence or 
absence of technology service providers, and the regulatory environment. The 
environmental context, which refers to the arena in which a firm conducts its 
business; it can be linked to surrounding elements such as industry, 
competitors, and the presence of technology service providers [18], [20]. 

Technology Acceptance Model (TAM) and Common Technology Acceptance and 
Use Theory (UTAUT) 

Concerning the literature review, many researchers who have aimed to elucidate 
how technology is accepted by consumers, organizations, various businesses 
belonging to the tourism industry and the factors that have influenced the technology 
adoption, the E- marketing adoption, have used the Technology Acceptance Model 
(TAM) and the Common Technology Acceptance and Use Theory (UTAUT) [6]–[8], 
[11], [21]–[34]. 
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Technology Acceptance Model (TAM) and Common Technology Acceptance 
and Use Theory (UTAUT). 

 
Figure 6. UTAUT Model. Source: [35], [36] . 

The UTAUT model is used to explain the goals of the use of information systems 
in the context of the acceptance and use of technology by the customer.  These goals 
are identified through the four main constructs and mediating factors. The four main 
constructs are: (performance expectancy, effort expectancy, social influence and 
facilitating conditions), while the mediating factors are: (gender, age, experience, and 
voluntariness of use) [6], [7], [33], [37]. 

Contingency Theory 
The contingency theory is conceptually rooted in the fact that strategies to 

achieve goals and be effective depend heavily on the collision between strategy, 
organization, and the environment. 

This theory has been used in the 70s and 80s, but it still offers important 
opportunities for SI researchers [38]. The primary focus of contingency theory, 
therefore, has traditionally been on the relationship between organizational factors, 
environmental characteristics, and the strategic response of the organization [39] The 
contingency theory is constructed on the basis of several steps involving three types 
of variables: contingency variables, performance variables, and response variables 
[40]. According to Lages & Jap, (2002) the coordination between strategy and 
enterprise context (eg organizational characteristics and external environment) has a 
positive impact on performance. The contingent approach emphasizes that a good 
strategy does not exist for all cases, but should be adapted based on the contingent 
variables [41].  Figure 7 shows the structure of the contingency theory. 

In figure 7 is presented the conceptual scheme of contingency theory, where 
it is worth noting that external and internal contingent factors result in the decision-
making process for strategy determination. This scheme was used to propose a model, 
with determinants, as explained in detail in the recommendation section. 
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Figure 7. Conceptual scheme on contingency theory. Source: Adapted by author [38].  

3.1. Influential factors on E-marketing, internet marketing and E-tourism 

The influence of external and internal factors on the application of information 
technology has been researched by many scholars. In Table 1 is included a summary 
of some of the authors who have analyzed the influential factors on IT, E-marketing, 
internet marketing, and E-tourism. In particular, the factors that influence a company’s 
attitude towards E-marketing, when defining E-marketing strategy as part of the 
marketing strategy within the overall strategy. 
 

FACTORS / VARIABLES / CHARACTERISTICS: 
Factors influencing the penetration of E-tourism in organisations: 

• The cost of purchasing the hardware, software and communication 
package, the cost of training users, designing and building an online 
presence, the cost of keeping the site on a reliable server, ongoing 
maintenance and regular updating, developing treatment procedures of 
online presence, commissions for online purchases from intermediaries, 
advertising fees for representation in search engines and other countries, 
and interconnectedness with travel intermediaries [42]  

Factors influencing tourism and e-tourism are classified into two groups:  
• Indigenous factors include: (economic factors, technological factors, 

political factors, demographic factors, cultural factors, environment and 
weather/climate) 

• Exogenous factors include: (consumer behavior and travel purpose) [43] 
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Factors influencing E-marketing strategy: 
• Influential elements of the environment (IT and the cost of 

telecommunications infrastructure, IT general knowledge  and culture in 
society, market (skills, potential, turbulence, orientation), competitiveness 
and competitors' strategies, availability of resources and environmental 
opportunities, the human resource market (IT & E-Marketing Specialists), 
IT and e-commerce government policies, laws, regulations, systems 
standards of IT and technology, innovation, skills, changes in business and 
marketing models ( Time & Process); 

• Company elements (products, service quality and varieties, Web marketing 
mix strategy, Resource availability (Finance, Technology, etc.), brand and 
its strategy, strategic relationships and alliances, customer segmentation 
and targeting, restructuring and reorganization processes, IT infrastructure 
of firm, station and orientation, strong competitive advantages in e-
marketing, support for innovation and knowledge management, increased 
internet traffic and sensitivity,) 

• Influential elements in customer satisfaction (web and brand reliability, 
security, privacy and trust, website (attraction, design, availability and 
quality), transmission speed and conversion rate, tourist needs, experience 
and market expectations , support and structure of purchase, products and 
quality of service, variety and innovation, flexibility and individualization 
of products and services, price advantage and cost for customers, 
adaptation (Service and level of CRM coverage), added value perceived by 
customers [44]. 

The main organizational variables and motives (reasons) of e-business:  
• Firm characteristics (size, age, scope of industry and market), 
• Business strategy (strategic orientation and new product strategy), 
• Owner characteristics (age, education and leadership style) [45]  

The main environmental factors on Internet success: 
• Resourceful and essential information should be presented to customers, 

the website should be well designed, and the design of the website should 
pay attention to e-trust/reliability because the content of the website can 
attract the customer and convince them to purchase [46] . 

Individual characteristics that affect ICT approval: 
• Gender, age, level of education, computer and Internet skills [9]. 

Dimensions of e-marketing skills: 
• IT resources (e-commerce websites that offer sales, intranet, extranet, 

customer relationship management system, etc.). 
• Human resources; 
• Business resources [47]  

Factors influencing the application of Online Marketing in SMEs:  
• Internal factors (owner, characteristics of the organization/enterprise); 
• External factors (technological, governmental factors) 
• Demand factors [48]. 
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The main stakeholders that have a role in the introduction of IT from SMEs to 
hotels; Driving factors (education & training, European Union, government & 
public agencies, strategic partners, strategic shift) 

• Attractive factors (customer demand, interconnection, intranet, extranet, 
internet, travel trade, accounting systems [49]. 

Internal and external factors that affect small businesses in the use of electronic 
marketing:  

• Internal factors (owners' skills, resources, culture and size); 
• External factors (competition and market trends) (El-Gohary, 2012 cited in 

[50]  
Factors affecting the adaptation of technology by small businesses: 

• The support of senior management, product features organizational 
readiness (size, cost, access, technical and financial resources), information 
intensity, industry pressure (competition), national infrastructure, safety, 
readiness and pressure, support of technology vendors, the international 
orientation of the enterprise and the skills of the owner (El-Gohary, 2012). 

Factors affecting the current and future level of a firm in the approval of e-
business: 

• Being able to understand the potential benefits of e-business, being able to 
respond to the practices, customers and competitors, trying to develop staff 
skills and knowledge of Internet-based technologies [51]. 

Key factors for effective internet marketing:  
• Factors related to marketing strategy, websites-related factors, factors 

related to the global dimension, internal factors, external factors [22]. 
The main factors influencing social media strategy  

• Leadership, social media recognition as a powerful marketing tool and a 
champion in the organization to promote this marketing medium[52] . 

The main factors influencing the rapid recognition and approval of social media 
• Consumer perception that WEB 2.0 is a source of empowerment for users 

as participants in the market process, the fact that for a growing number of 
Internet users WEB 2.O has become an indispensable element in their 
social environment[53]. 

Characteristics that affect the use of internet-based marketing: 
• Technological characteristics (security and privacy, convenience and use); 
• Organizational characteristics (attitude and knowledge of entrepreneurs, 

suitability of use and technical availability of the firm); 
• Environmental characteristics (consumer pressure, competitor pressure and 

government support [23], [54]. 

Table 1.  Summary of influential factors. Source: Adapted by the author 

At the general level of the enterprise, it is important to clearly define the strategy 
in a comprehensive aspect. The marketing department should have, operate, 
implement, and monitor clear E-marketing policies. To what extent a company applies 
E-marketing, it affects the cost and resources an organization has and whether it is 
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part of the E-marketing culture. Similarly, infrastructure, competitive pressures, 
market trends, and government policies are considered external factors with a high 
impact on E-marketing adaptation. It is important to analyze the characteristics of the 
owner (manager) especially variables such as level of education, age, and general 
knowledge in the technological aspect of the manager. Whereas, the characteristics of 
the property are emphasized in what size or type the enterprise is, the ways of 
management, the organizational structure, and it is important how much the 
application of ICT in the hospitality industry finds support from the management. In 
order to support ICT, one must know the benefits and barriers that may be encountered 
with the application of ICT. Various authors have pointed out that the elements of the 
environment, company, customer satisfaction, IT characteristics, marketing 
functioning within the company, factors related to marketing strategy, and clear 
strategy definition are the factors that should be considered as priorities when the E-
marketing strategy is defined. 

4. Analysis and presentation of results 
 

In the introductory part, the research questions were specified, but in this part they are 
presented and detailed under the questions, in order to achieve authentic results. In the 
following, the results of the first, second and third phase will be presented. 

4.1. First phase results 

In this section, the answers to the opened research questions are shown, which are also 
divided into other sub-questions: 

1. What are the internal factors that influence the E-marketing strategy in 
the tourism industry in Kosovo and Albania? 

2. What are the specific environmental factors that influence the E-
marketing strategy in the tourism industry in Kosovo and Albania? 

3. What are the general environmental factors that influence the E-
marketing strategy in the tourism industry in Kosovo and Albania? 

The general environmental factors were addressed more specifically through the 
four other questions: 

1. What are the technological factors that influence the E-marketing 
strategy in the tourism industry in Kosovo and Albania? 

2. What are the economic factors that influence the E-marketing strategy in 
the tourism industry in Kosovo and Albania? 

3. What are the political and legal factors that influence the E-marketing 
strategy in the tourism industry in Kosovo and Albania? 

4. What are the cultural and social factors that influence the E-marketing 
strategy in the tourism industry in Kosovo and Albania? 
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Figure 8. List (identifying) of internal and external factors from the first phase of research. 

Source: Author 

 

Internal Factors

Convenience of use and 
technical availability;
Cooperation between firms, 
firm characteristics;
Owner / manager 
characteristics;
Management support;
Operation of marketing and 
E-marketing activities;
Attitudes and knowledge of 
entrepreneurs and
Human resources skills in E-
marketing

Specific environmental
factors
Competitor identification and 
competitor analysis;
Relationships with customers 
and suppliers and
Partners/associates

General environmental 
factors

Technological factors:
Innovations;
IT cost;
IT systems standards;
Human resources market and 
Application Convenience
Economic factors:
The cost of E-marketing adaptation;
The cost of purchasing the software 
package;
The cost of maintaining a website 
(reliable server);
Advertising fees for representation 
in search engines;
The cost of installation or service 
and
The cost of hiring specialists
Political and legal factors:
National government policies on IT 
and e-commerce;
Laws and regulations;
Government influence and support;
Security and privacy;
Adaptation of international policies;
Lack of cyber laws and
Government investments
Cultural and social factors:
The general culture of the 
organisation;
Cultural orientations towards e-
marketing by the organisation's 
clients;
General knowledge of society in 
information technology;
Role and status in society
University quality program level.
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4.2. The second phase of research 

In the first phase, the factors that emerged from the opened questions from the first 
questionnaire are summarized. These above-mentioned factors served to create the 
second questionnaire with closed questions according to the Likert scale. 

In this part were given answers to the following questions that were outlined in 
the introduction section: 

1. Are there any differences in the opinions of experts from both countries 
about the importance of external and internal factors? 

2. Which of the internal factors is the most important in the E-marketing 
strategy in the tourism industry in Kosovo and Albania? 

3. Which of the external factors is the most important in the E-marketing 
strategy in the tourism industry in Kosovo and Albania? 

Also, at this stage, the external factors in specific and general environmental 
factors were analyzed as addressed in the first phase of the research. 

The data collected from the second phase were subjected to statistical tests such 
as: Alpha Coefficient, Independent Samples t-Test, and Frideman Test. 

 
Factors Cronbach's 

Alpha 
Cronbach's Alpha 
Based on 
Standardized Items 

No. of 
Items 

Internal factors .745 .781 8 
Special environmental factors .649 . 3 
Technological factors 

.805 .804 5 
Economic factors .839 .842 6 
Political and legal factors .777 .765 7 
Cultural and social factors .764 .762 5 

Table 2. Alpha Coefficient Results (Cronbach Alpha Coefficient). Source: Author. 

The alpha coefficient of 0.745 indicates that the mean used for the internal factors 
significance is very reliable.The alpha coefficient of 0.649 indicates that the mean 
used for the specific factors significance is very reliable.The alpha coefficient of 0.850 
indicates that the mean used for the significance of technological factors is highly 
reliable.The alpha coefficient of 0.839 indicates that the mean used for the 
significance of economic factors is highly reliable.The alpha coefficient of 0.777 
indicates that the mean used for the significance of political and legal factors is 
reliable.The alpha coefficient of 0.764 indicates that the mean used for the 
significance of cultural and social factors is reliable. 

Independent Samples t-Test 
Through this test were given answers to the question: Are there any differences in 

the opinions of experts of the two countries about the importance of internal factors? 
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The research was focused on the group of experts in Kosovo and Albania. Based 
on this, the hypotheses were confirmed by this test, such as: 

Ho: There are no differences between internal influencing factors on E-marketing 
strategy 

Ha: There are differences between internal influencing factors on E-marketing 
strategy 

 
Independent Samples Test 

  Levene's Test for 
Equality of 
Variances 

t-test for Equality of Means 

F Sig. t Df Sig. (2-
tailed) 

Mean 
Difference 

Std. 
Error 

Differen
ce 

95% Confidence 
Interval of the 

Difference 
Lower Upper 

Firm 
characteristi
cs 

Equal variances 
assumed 

10.113 .003 -.439 34 .664 -.222 .507 -1.252 .807 

Equal variances 
not assumed 

  
-.439 29.672 .664 -.222 ..507 -1.257 .813 

 Owner / 
manager 
characteristi
cs 

Equal variances 
assumed 

.036 .851 2.007 34 .053 .556 L.277 -.007 1.118 

Equal variances 
not assumed 

  
2.007 33.634 .053 .556 L.277 -.007 1.118 

Management 
support 

Equal variances 
assumed 

.000 1.00 -.213 34 .832 -.056 ..260 -.584 .473 

Equal variances 
not assumed 

  
-.213 33.998 .832 -.056 ..260 -.584 .473 

Operation of 
marketing 
and e-
marketing 
activities 

Equal variances 
assumed 

.040 .843 -.867 34 .392 -.222 ..256 -.743 .299 

Equal variances 
not assumed 

  
-.867 33.934 .832 -.222 ..256 -.743 .299 

Entrepreneur
s' attitudes 
and 
knowledge 

Equal variances 
assumed 

.399 .532 .000 34 1.000 .000 ..246 -.500 .500 

Equal variances 
not assumed 

  
.000 33.610 1.000 .000 ..246 -.501 .501 

Human 
resources 
skills in e-
marketing 

Equal variances 
assumed 

.102 .751 -.766 34 .449 -.222 ..290 -.812 .368 

Equal variances 
not assumed 

  
-.766 33.839 .449 -.222 ..290 -.812 .368 

Cooperation 
between 
departments 

Equal variances 
assumed 

.531 .471 .000 34 1.000 .000 ..291 -.592 .592 

Equal variances 
not assumed 

  
.000 33.800 1.000 .000 ..291 -.593 .593 

Convenience 
of use and 
technical 
availability 

Equal variances 
assumed 

2.109 .156 -.200 34 .843 -.056 ..278 -.620 .509 

Equal variances 
not assumed 

  
-.200 31.528 .843 -.056 ..278 -.622 .511 

Table 3. Independent sample t-test for internal factors. Source: Author. 

Based on the results of the t-test for Equality of Means, we were based on Sig. (2-
tailed), to prove the hypothesis raised above. The points are (.664, .832, .392, 1,000, 
.449, 1.00 .843), have a value greater than 0.05 except for one question that has a 
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value of 0.053. With a level of 95% reliability, it can be said that there are no 
significant differences in the significance of internal factors in Kosovo and Albania. 

Ho = µK = µSh (There is no significant difference in the opinions of experts in 
Kosovo and Albania about the importance of internal factors) 

Independent sample test for specific environmental factors 
Through this test was given the answer to the question: Are there any differences 

in the opinions of experts from both countries about the importance of specific 
external factors? 

Ho: There are no differences between specific external influencing factors in the 
E-marketing strategy 

Ha: There are differences between specific external influencing factors in the E-
marketing strategy 

 

Table 4. Independent sample t-test for specific environmental factors. Source: Author. 

Based on the results of the t-test for Equality of Means, we were based on Sig. (2-
tailed) to confirm the hypothesis raised above. The points are (.367, .851, .682,) have 
a value greater than 0.05. With a level of 95% reliability, it can be said that there are 
no significant differences in the importance of specific external factors in Kosovo and 
Albania. 

Ho = µK = µSh (There is no significant difference in the opinions of Kosovar and 
Albanian experts on the importance of specific external factors). 

Independent sample test for specific environmental factors 
Through this test were given the answers to the question: Are there any differences 

in the opinions of experts from both countries about the importance of technological 
factors? 

Independent Samples Test 

 Levene's Test 
for Equality of 
Variances 

t-test for Equality of Means 

F Sig. T Df Sig. (2-
tailed) 

Mean 
Difference 

Std. Error 
Difference 

95% Confidence 
Interval of the 

Difference 
Lower Upper 

Competitor 
Identification 
and 
Competition 
Analysis 

Equal variances 
assumed 

.073 .788 -.913 34 ..367 -.222 .243 -.717 .272 

Equal variances 
not assumed 

  -.913 33.873 ..367 -.222 .243 -.717 .272 

Relationships 
with customers 
and suppliers 

Equal variances 
assumed 

.377 ..543 .190 34 ..851 .056 .293 -.540 .651 

Equal variances 
not assumed 

  .190 33.746 ..851 .056 .293 -.540 .651 

Associates Equal variances 
assumed 

.325 ..572 .413 34 ..682 .111 .269 -.435 .657 

Equal variances 
not assumed 

  .413 33.914 ..682 .111 .269 -.435 .657 
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value of 0.053. With a level of 95% reliability, it can be said that there are no 
significant differences in the significance of internal factors in Kosovo and Albania. 

Ho = µK = µSh (There is no significant difference in the opinions of experts in 
Kosovo and Albania about the importance of internal factors) 

Independent sample test for specific environmental factors 
Through this test was given the answer to the question: Are there any differences 

in the opinions of experts from both countries about the importance of specific 
external factors? 

Ho: There are no differences between specific external influencing factors in the 
E-marketing strategy 

Ha: There are differences between specific external influencing factors in the E-
marketing strategy 

 

Table 4. Independent sample t-test for specific environmental factors. Source: Author. 

Based on the results of the t-test for Equality of Means, we were based on Sig. (2-
tailed) to confirm the hypothesis raised above. The points are (.367, .851, .682,) have 
a value greater than 0.05. With a level of 95% reliability, it can be said that there are 
no significant differences in the importance of specific external factors in Kosovo and 
Albania. 

Ho = µK = µSh (There is no significant difference in the opinions of Kosovar and 
Albanian experts on the importance of specific external factors). 

Independent sample test for specific environmental factors 
Through this test were given the answers to the question: Are there any differences 

in the opinions of experts from both countries about the importance of technological 
factors? 

Independent Samples Test 

 Levene's Test 
for Equality of 
Variances 

t-test for Equality of Means 

F Sig. T Df Sig. (2-
tailed) 

Mean 
Difference 

Std. Error 
Difference 

95% Confidence 
Interval of the 

Difference 
Lower Upper 

Competitor 
Identification 
and 
Competition 
Analysis 

Equal variances 
assumed 

.073 .788 -.913 34 ..367 -.222 .243 -.717 .272 

Equal variances 
not assumed 

  -.913 33.873 ..367 -.222 .243 -.717 .272 

Relationships 
with customers 
and suppliers 

Equal variances 
assumed 

.377 ..543 .190 34 ..851 .056 .293 -.540 .651 

Equal variances 
not assumed 

  .190 33.746 ..851 .056 .293 -.540 .651 

Associates Equal variances 
assumed 

.325 ..572 .413 34 ..682 .111 .269 -.435 .657 

Equal variances 
not assumed 

  .413 33.914 ..682 .111 .269 -.435 .657 
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Ho: There are no differences between the influential technological factors in E-
marketing strategy 

Ha: There are differences between the influential technological factors in E-
marketing strategy 

 

Table 5. Independent sample t-test for specific environmental factors. Source: Author. 

Based on the results of the t-test for Equality of Means, we were based on Sig. (2-
tailed) to prove the hypothesis raised above. The points are (.682, .272, .631, .340), 
have a value greater than 0.05. With a reliability level of 95%, it can be said that there 
are no significant differences in the importance of technological factors in Kosovo 
and Albania. 

Zero hypothesis is accepted and alternative hypothesis is rejected: 

Ho=µK=µSh (There is no significant difference in the opinions of Kosovo and 
Albania experts on the importance of technological factors). 

Independent Samples t-test for economic factors 
Through this test were given the answers to the question: Are there any differences 

in the opinions of experts from both countries about the importance of economic 
factors? 

Independent Samples Test 

  Levene's Test 
for Equality of 
Variances 

t-test for Equality of Means 

F Sig. t df Sig. (2-
tailed) 

Mean 
Difference 

Std. Error 
Difference 

95% Confidence 
Interval of the 

Difference 
Lower Upper 

Innovations Equal 
variances 
assumed 

.325 .572 .413 34 .682 .111 .269 -.435 .657 

Equal 
variances not 
assumed 

  
.413 33.914 .682 .111 .269 -.435 .657 

IT system 
standards 

Equal 
variances 
assumed 

1.030 .317 -1.116 34 .272 -.278 .249 -.783 .228 

Equal 
variances not 
assumed 

  
-1.116 33.895 .272 -.278 .249 -.783 .228 

Human 
resources 
market (IT 
and e-
marketing 
specialists 

Equal 
variances 
assumed 

2.028 .164 .484 34 .631 .111 .229 -.355 .577 

Equal 
variances not 
assumed 

  
.484 32.778 .631 .111 .229 -.356 .578 

Convenience 
of 
application 

Equal 
variances 
assumed 

.728 .399 -.968 34 .340 -.222 .229 -.689 .244 

Equal 
variances not 
assumed 

  
-.968 32.778 .340 -.222 .229 -.689 .245 
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Ho: There are no differences between influential economic factors in E-marketing 
strategy 

Ha: There are differences between influential economic factors in E-marketing 
strategy 
 

Table 6. Independent Samples t-test for economic factors. Source: Author. 

Based on the results of the t-test for Equality of Means, we were based on Sig. (2-
tailed) to confirm the hypothesis raised above. The points are (.687, .867, .400, .381, 
.623, .680), and have a value greater than 0.05. With a 95% reliability level, it can be 

Independent Samples Test 

  Levene's Test 
for Equality of 
Variances 

t-test for Equality of Means 

F Sig. t df Sig. (2-
tailed) 

Mean 
Difference 

Std. Error 
Difference 

95% Confidence 
Interval of the 
Difference 
Lower Upper 

The Cost of 
adopting e-
marketing 

Equal 
variances 
assumed 

3.314 .078 .406 34 .687 .111 .273  -.445 .667 

Equal 
variances not 
assumed 

  
.406 29.737 .687 .111 .273 -.448 .670 

The cost of 
buying software 
package and 
hardware  

Equal 
variances 
assumed 

4.748 .036 .169 34 .867 .056 .328 -.611 .722 

Equal 
variances not 
assumed 

  
.169 29.453 .867 -.056 .328 -.615 .726 

The cost of 
maintaining a 
web site(trusted 
server) 

Equal 
variances 
assumed 

2.136 .153 .853 34 .400 .222 .261 -.307 .752 

Equal 
variances not 
assumed 

  
.853 29.397 .401 .222 .261 -.310 .755 

Advertising fees 
for 
representation on 
search engines  

Equal 
variances 
assumed 

1.761 .193 -1.014 34 .318 -.278 .274 -.834 .279 

Equal 
variances not 
assumed 

  
-1.014 32.426 .318 -.278 .274 -.835 .280 

Cost of 
installation or 
service 

Equal 
variances 
assumed 

4.784 .036 .496 34 .623 .167 .336 -.516 .849 

Equal 
variances not 
assumed 

  .496 28.896 .623 .167 .33 -.520 .854 

The cost of 
specialized 
persons 
employment 

Equal 
variances 
assumed 

3.134 .086 .415 34 .680 .111 .267 -.432 .655 

Equal 
variances not 
assumed 

  .415 32.095 .681 .111 .267 -.434 .656 
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Ho: There are no differences between influential economic factors in E-marketing 
strategy 

Ha: There are differences between influential economic factors in E-marketing 
strategy 
 

Table 6. Independent Samples t-test for economic factors. Source: Author. 

Based on the results of the t-test for Equality of Means, we were based on Sig. (2-
tailed) to confirm the hypothesis raised above. The points are (.687, .867, .400, .381, 
.623, .680), and have a value greater than 0.05. With a 95% reliability level, it can be 

Independent Samples Test 

  Levene's Test 
for Equality of 
Variances 

t-test for Equality of Means 

F Sig. t df Sig. (2-
tailed) 

Mean 
Difference 

Std. Error 
Difference 

95% Confidence 
Interval of the 
Difference 
Lower Upper 

The Cost of 
adopting e-
marketing 

Equal 
variances 
assumed 

3.314 .078 .406 34 .687 .111 .273  -.445 .667 

Equal 
variances not 
assumed 

  
.406 29.737 .687 .111 .273 -.448 .670 

The cost of 
buying software 
package and 
hardware  

Equal 
variances 
assumed 

4.748 .036 .169 34 .867 .056 .328 -.611 .722 

Equal 
variances not 
assumed 

  
.169 29.453 .867 -.056 .328 -.615 .726 

The cost of 
maintaining a 
web site(trusted 
server) 

Equal 
variances 
assumed 

2.136 .153 .853 34 .400 .222 .261 -.307 .752 

Equal 
variances not 
assumed 

  
.853 29.397 .401 .222 .261 -.310 .755 

Advertising fees 
for 
representation on 
search engines  

Equal 
variances 
assumed 

1.761 .193 -1.014 34 .318 -.278 .274 -.834 .279 

Equal 
variances not 
assumed 

  
-1.014 32.426 .318 -.278 .274 -.835 .280 

Cost of 
installation or 
service 

Equal 
variances 
assumed 

4.784 .036 .496 34 .623 .167 .336 -.516 .849 

Equal 
variances not 
assumed 

  .496 28.896 .623 .167 .33 -.520 .854 

The cost of 
specialized 
persons 
employment 

Equal 
variances 
assumed 

3.134 .086 .415 34 .680 .111 .267 -.432 .655 

Equal 
variances not 
assumed 

  .415 32.095 .681 .111 .267 -.434 .656 
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said that there are no significant differences in the importance of economic factors in 
Kosovo and Albania. 

Zero hypothesis is accepted and alternative hypothesis is rejected: 

Ho=µK=µSh (There is no significant difference in the opinions of Kosovo and 
Albania experts on the importance of economic factors). 

 
Independent Samples Test 

  Levene's Test 
for Equality of 
Variances 

t-test for Equality of Means 

F Sig. t df Sig. (2-
tailed) 

Mean 
Difference 

Std. Error 
Difference 

95% Confidence 
Interval of the 

Difference 

Lower Upper 
National 
government 
policy on IT 
and e-
commerce 

Equal variances 
assumed 

.040 .844 .238 34 .814 .056 .234 -.420 .531 

Equal variances not 
assumed 

  
.238 33.835 .814 .056 .234 -.420 .531 

Laws and 
regulations 

Equal variances 
assumed 

.000 1.000 .678 34 .502 .167 .246 -.333 .666 

Equal variances not 
assumed 

  
.678 33.778 .502 .167 .246 -.333 .666 

Influence and 
support 

Equal variances 
assumed 

1.022 .319 1.939 34 .061 .556 .286 -.027 1.138 

Equal variances not 
assumed 

  
1.939 32.647 .061 .556 .286 -.028 1.139 

Security and 
privacy 

Equal variances 
assumed 

6.760 .014 -1.379 34 .177 -.333 .242 -.825 .158 

Equal variances not 
assumed 

  
-1.379 29.854 .178 -.333 .242 -.827 .161 

Adapting 
international 
policies 

Equal variances 
assumed 

.000 1.000 .000 34 1.000 .000 .205 -.417 .417 

Equal variances not 
assumed 

  
.000 34.000 1.000 .000 .205 -.417 .417 

Lack of 
cybernetic 
laws 

Equal variances 
assumed 

5.798 .022 -.833 34 .411 -.222 .267 -.764 .320 

Equal variances not 
assumed 

  
-.833 31.434 .411 -.222 .267 -.766 .322 

Government 
investment 

Equal variances 
assumed 

.043 .837 .528 34 .601 .167 .316 -.475 .808 

Equal variances not 
assumed 

  
.528 33.918 .601 .167 .316 -.475 .808 

Table 7. Independent Samples t-test for political and legal factors. Source: Author. 

Based on the results of the t-test for Equality of Means, we were based on Sig. (2-
tailed) to prove the hypothesis raised above. The points are (.814, .502, .061, 1.00, 
.601) and have a value greater than 0.05, except for the two questions that in Levene's 
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Test for Equality of Variance of Significance are .014 and .022, however sig values 
(2-tailed) are .177 and .411. 

With a 95% reliability level, it can be said that there are no significant differences 
in the importance of political and legal factors in Kosovo and Albania. Ho = µK = 
µSh (There is no significant difference in the opinions of experts in Kosovo and 
Albania about the importance of political and legal factors). 

Independent Samples t Test for cultural and social factors 
Through this test was given the answer to the question: Are there any differences 

in the opinions of experts of the two countries about the importance of political and 
legal factors? 

Ho: There is no difference between influential political and legal factors in E-
marketing strategy 

Ha: There are differences between influential political and legal factors in E-
marketing strategy 

 
Independent Samples Test 

  Levene's Test 
for Equality of 
Variances 

t-test for Equality of Means 

F Sig. t df Sig. (2-
tailed 

Mean 
Difference 

Std. Error 
Difference 

95% Confidence 
Interval of the 

Difference 
Lower Upper 

The general 
culture of 
the 
organization 

Equal variances 
assumed 

.003 .958 .699 34 .489 .167 .238 -.318 .651 

Equal variances 
not assumed 

  
.699 33.922 .489 .167 .238 -.318 .651 

Cultural 
orientation 
towards e-
marketing 
by 
ogranization 
customers 

Equal variances 
assumed 

.002 .962 -.433 34 .667 -.111 .256 -.632 .410 

Equal variances 
not assumed 

  
-.433 33.934 .667 -.111 .256 -.632 .410 

General 
knowledge 
of society in 
Information 
Technology 

Equal variances 
assumed 

.080 .778 .246 34 .807 .056 .226 -.403 .515 

Equal 
variances not 
assumed 

  
.246 33.733 .807 .056 .226 -.404 .515 

Role and 
status in 
society 

Equal variances 
assumed 

1.516 .227 1.917 34 .064 .444 .232 -.027 .916 

Equal variances 
not assumed 

  
1.917 33.975 .064 .444 .232 -.027 .916 

The level of 
quality of 
university 
programs in 
this regard 

Equal variances 
assumed 

.284 .597 .206 34 .838 .056 .270 -.493 .604 

Equal variances 
not assumed 

  
.206 33.798 .838 .056 .270 -.493 .604 

Table 8. Independent Samples t- test for cultural and social factors. Source: Author. 
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Test for Equality of Variance of Significance are .014 and .022, however sig values 
(2-tailed) are .177 and .411. 

With a 95% reliability level, it can be said that there are no significant differences 
in the importance of political and legal factors in Kosovo and Albania. Ho = µK = 
µSh (There is no significant difference in the opinions of experts in Kosovo and 
Albania about the importance of political and legal factors). 

Independent Samples t Test for cultural and social factors 
Through this test was given the answer to the question: Are there any differences 

in the opinions of experts of the two countries about the importance of political and 
legal factors? 

Ho: There is no difference between influential political and legal factors in E-
marketing strategy 

Ha: There are differences between influential political and legal factors in E-
marketing strategy 

 
Independent Samples Test 

  Levene's Test 
for Equality of 
Variances 

t-test for Equality of Means 

F Sig. t df Sig. (2-
tailed 

Mean 
Difference 

Std. Error 
Difference 

95% Confidence 
Interval of the 

Difference 
Lower Upper 

The general 
culture of 
the 
organization 

Equal variances 
assumed 

.003 .958 .699 34 .489 .167 .238 -.318 .651 

Equal variances 
not assumed 

  
.699 33.922 .489 .167 .238 -.318 .651 

Cultural 
orientation 
towards e-
marketing 
by 
ogranization 
customers 

Equal variances 
assumed 

.002 .962 -.433 34 .667 -.111 .256 -.632 .410 

Equal variances 
not assumed 

  
-.433 33.934 .667 -.111 .256 -.632 .410 

General 
knowledge 
of society in 
Information 
Technology 

Equal variances 
assumed 

.080 .778 .246 34 .807 .056 .226 -.403 .515 

Equal 
variances not 
assumed 

  
.246 33.733 .807 .056 .226 -.404 .515 

Role and 
status in 
society 

Equal variances 
assumed 

1.516 .227 1.917 34 .064 .444 .232 -.027 .916 

Equal variances 
not assumed 

  
1.917 33.975 .064 .444 .232 -.027 .916 

The level of 
quality of 
university 
programs in 
this regard 

Equal variances 
assumed 

.284 .597 .206 34 .838 .056 .270 -.493 .604 

Equal variances 
not assumed 

  
.206 33.798 .838 .056 .270 -.493 .604 

Table 8. Independent Samples t- test for cultural and social factors. Source: Author. 
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Based on the results of the t-test for Equality of Means, we were based on Sig. (2-
tailed) to prove the hypothesis raised above. The points are (.489, .667, .807, .064, 
.838) and have a value greater than 0.05. With a reliability level of 95%, it can be said 
that there are no significant differences in the importance of cultural and social factors 
in Kosovo and Albania. Ho = µK = µSh (There is no significant difference in the 
opinions of experts in Kosovo and Albania about the significance of cultural and 
social factors) 

Frideman Test  
It is a non-parameterical test that tests the difference between several related 

samples[55] . 
This test confirmed the hypotheses as follows: 

1. H0: There is no difference between the eight internal factors 
Ha: There is a difference between the eight internal factors 
2. H0: There is no difference between the three separate external factors 
Ha: There is a difference between the three separate external factors 
3. H0: There is no difference between the five technological factors 
Ha: There is a difference between the five technological factors 
4. H0: There is no difference between the six economic factors 
Ha: There is a difference between the six economic factors 
5. H0: There is no difference between the seven political and legal factors 
Ha: There is a difference between the seven political and legal factors 
6. H0: There are no differences between cultural and social influential 

factors on E-marketing strategy 
Ha: There are differences between cultural and social influential factors on E-
marketing strategy 
 

Test Statisticsa 
Factors N Ch-Square Df Asymp.Sig 

Internal factors 36 20.715 7 .004 

Specific factors of 
environment  

36 .740 2 .691 

Technological factors 36 2.647 4 .618 

Economic factors 36 12.997 5 .023 

Political and legal 
factors 

36 20.876 6 .002 

Cultural and social 
factors 

36 2.739 4 .602 

Table 9. Frideman Test. Source: Author. 

Frideman Test Results: 
Zero hypothesis rejected, accepted – Ha: There is a difference between the eight 

internal factors 
The H0 hypothesis is accepted: There is no difference between the three specific 

external factors 
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The H0 hypothesis is accepted: There is no difference between the five 
technological factors 

Zero hypothesis is rejected – Ha accepted: There is a difference between the six 
economic factors 

Zero hypothesis is rejected – Ha accepted: There is a difference between the seven 
political and legal factors 

Hypothesis accepted: Ho: There is no difference between the five cultural and 
social factors. 

Also, this test was done in the second phase to rank which of the internal, special 
environmental, technological, economic, political and legal factors, and cultural and 
social factors is more significant according to experts of Kosovo and Albania. 

 
 Ranks 

Factors  Mean Rank 
 
 
 
 
INTERNAL FACTORS 
 

1. Firm characteristics 3.17 
2. Cooperation between departments 2.88 
 3. Human resources skills in e-marketing 2.86 
4. Appropriateness of use and technical availability 2.92 
5. Owner / manager characteristics 3.18 

 6. Attitudes and knowledge of entrepreneurs 4.92 
 7. Management support 5.01 
 8. Operation of marketing and e-marketing activities 5.03 
ENVIRONMENT SPECIAL FACTORS  1. Competitor Identification and Competition 

Analysis 
2.04 

 2. Relationships with customers and suppliers 2.04 
 3. Associates/Partners 1.92 
TECHNOLOGICAL FACTORS 1. Innovations 2.97 
 2. TI cost 2.97 
 3. Sandards of IT systems 2.86 
 4. Human resources market and, IT and e-marketing 

specialists 
2.92 

 5. Covenience of application 3.28 
ECONOMIC FACTORS 1. The cost of adapting e-marketing 3.54 
 2. The cost of purchasing software and hardware 

packages 
3.11 

 3. The cost of maintaining a reliable web server 3.68 
 4. Advertising fees for representation in search 

engines 
3.56 

 5. The cost of service installation  3.08 
 6. The cost of hiring specialists 4.03 
POLITICAL AND LEGAL FACTORS 
 

1. National government policy on IT and e-
commerce 

3.60  

 2. Laws and regulations 3.57 
 3. Influence and support 3.64 
 4. Security and privacy 4.88 
 5. Adaptation of international policies 4.60 
 6. Lack of cybernetic laws 3.96 
 7. Government investment 3.76 
CULTURAL AND SOCIAL FACTORS 1. The general culture of the organization 3.17 
 2. Cultural orientation towards E-marketing by 

ogranization customers 
2.888 

 3. General knowledge of society on information 
technology 

2.86 

 4. Role and status in society 2.92 
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 5. The level of quality of university programs in this 
regard 

3.18 

Table 10. Frideman Tests Ranking. Source: Author. 

According to the opinions of Kosovo and Albania experts, it turns out that the 
operation of marketing and E-marketing activities is one of the most important internal 
factors that influence the E-marketing strategy. Regarding the significance, two 
distinct external factors are ranked at the same level, such as competitor identification 
and competitor analysis and customer and supplier correlations as the most important 
and influential in the e-marketing strategy. All five technological factors have a rough 
ranking in terms of importance and influence on the e-marketing strategy, so they 
were reviewed and analyzed in the third phase of the research to see if there is any 
change in the ranking. The cost of hiring specialized people is the most important 
economic and influential factor in the e-marketing strategy. Among the political and 
legal factors of higher importance, it turns out that security, privacy, and adaptation 
of international policies by experts in Kosovo and Albania, are of higher significance. 
According to the experts in Kosovo and Albania, the level of quality of university 
programs for E-marketing management is considered to be the most important cultural 
and social factor. The overall culture of the organization influences the E-marketing 
strategy in the tourism industry as well. 

4.3. The third phase of research 

In the third phase, an online questionnaire from the results of the second phase was 
used, according to the scale of the report, based on the AHP method. So, the third 
questionnaire was sent again to the same group of experts from Kosovo and Albania, 
to reconsider their opinions, but now in a different form, according to the scale of the 
report from the paired comparisons. This scale is derived from the main vector, Eigen. 
For the processing of the results the AHP-OS system was used, a system created by 
Goepel, K.D., (2018), also, from this system, there was the possibility of sending the 
online questionnaire through the link to the experts. However, being a bit complicated 
to complete, the questionnaire was created via https://my.survio.com/, however, 
according to the same form that this system offers. Subsequently, the answers of each 
expert were transferred to this system by the author of this paper.  
Presentation of results according to AHP method 

• The goal is: Factors influencing E-marketing strategy 
• The criteria are: Internal factors, special environmental factors, 

technological factors, economic factors, political and legal factors, and 
cultural and social factors. 

• The sub-criteria: 
Sub-Internal-Factors (Operation of marketing and e-marketing activities, 
Management support, Attitudes and knowledge of entrepreneurs); 
Sub-Specific Environmental Factors (Competitor Identification and 
Analysis, Customer and Supplier Relationships); 
Technological Sub- Factors (Innovations, IT Cost, IT System Standards); 
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Economic Sub-Factors (Cost of Employment of specialists, Cost of 
Maintaining a Reliable Server Website, Advertising Fees for 
Representation in Search Engines); 
Political and Legal Sub-Factors (Security and Privacy, Adaptation of 
International Policies, Lack of Cyber Laws); 
Cultural and Social Sub-factors (Level of quality of university programs 
in this regard, General culture of the organization, Role and status in 
society). 
 

 
Figure 9. Hierarchical structure of research according to AHP method. Source: Author. 

Table 11 summarized the overall results in percentages for all influential E-
marketing strategy factors and sub-factors. The overall ratio (CR-consistency ratio) 
is: CR = 1.3% <10.0 .The consistency ratio is less than 10%, so the matrix is consistent 
and can be continued with the decision-making process. The consensus within the 
group is 71.5%, for values below 50%, it is said that there is no consensus within the 
group of participants and there is a high variety of judgments. However, in our case, 
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there is a moderate consensus between the participating groups and there is no high 
variety of judgments. 

 
Decision Hierarchy 

Objectives Criteria  Sub-criteria Glb Prio.( 
The weight of 
importance) 

 
 
 
 
 
 
 
Factors 
influencing 
e-marketing 
strategy 

Internal  
factors 0.269 

Operation of marketing activities and 
e-marketing 0.253 

6.8% 

Management support 0.363 9.8% 
 Relationships with customers and 
suppliers 0.384 

10.3% 

Special 
external 
factors 0.158 

Competitor Identification and Analysis 
0.488 

7.7% 

Relationships with customers and 
suppliers 0.512 

8.1% 

Technological  
factors 0.192 

Innovations 0.387 7.4% 
IT cost 0.406 7.8% 
IT system standards 0.207 4.0% 

Economic 
factors 0.150 

The cost of hiring specialists 0.312 4.7% 
The cost of maintaining a reliable web 
server 0.325 

4.9% 

Advertising fees for representation in 
search engines 0.362 

5.4% 

Political and 
legal factors 
0.125 

Security and privacy 0.365 4.6% 
Adaptation of international policies 
0.376 

4.7% 

Lack of cyber laws 0.259 3.2% 
Cultural and 
social factors 
0.106 

The level of quality of university 
programs in this regard 0.383 

4.1% 

The general culture of the organization 
0.370 

3.9% 

Role and status in society 0.247 2.6%  
1.0 

Table 11. Consolidated Priorities Hierarchy. Source: Author. 

In the second column of the table above, the results are presented in percentages 
for the criteria (internal factors, special environmental factors, technological factors, 
economic factors, political and legal factors, and cultural and social factors). Also, in 
the third column, are the percentage results for the sub-criteria (internal sub-factors, 
special environmental sub-factors, technological sub-factors, economic sub-factors, 
political and legal sub-factors, and cultural and social sub-factors). Whereas, in the 
fourth column are presented the consolidated results according to the weight of 
importance of the factors that influence the e-marketing strategy, in the tourism 
industry in Kosovo and Albania. As shown, the attitudes and knowledge of 
entrepreneurs have a higher weight of significance10.30%, management support 
9.80%, customer and supplier correlation 8.10%, IT cost 7.80, competitor 
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identification and analysis 7.70%, and innovation 7.40%. The other set of factors has 
a lower weight in correlation to the factors mentioned above. 

5. Conclusion 
Based on the literature review it can be concluded that the scientific theories that need 
to be analyzed to determine the adaptation of IT and the factors influencing the E-
marketing strategy are: Reasoning Action Theory (TRA), Planned Behavior Theory 
(TPB), Innovation Dissemination Theory (IDT), Technological, Organizational and 
Environmental Framework (TTOM) Theory, Technology Acceptance Model (TAM), 
Common Technology Acceptance and Use Theory (UTAUT) and Contingency 
Theory. The TRA and TPB should be studied in cases where consumer behavior is 
analyzed because it provides clarification on how consumers act online and offline. 
IDT makes a contribution when it is intended to know the reactions of individuals to 
an innovation, ie to understand how this idea is perceived. This theory consists of a 
process by which an innovation is communicated through certain channels between 
members of a society over time. It is considered one of the theories through which the 
factors that influence individuals to adopt an innovative technology can be identified. 
Also, through the TOE structure, the three most important aspects that influence an 
enterprise to implement technology are identified. Decision making for technological 
innovation is done by analyzing the environmental context (industry characteristics 
and organizational structure, technological infrastructure support, government rules), 
organizational context (formal and informal structure, communication process, and 
size) and the technological context (technology availability and its features). Also, to 
clarify the reasons why technology is used and accepted by users, as well as by 
consumers, the TAM and UTAUT theory is used. We have considered the theory of 
contingency as the basic theory of this paper because according to this theory, the 
definition of strategy depends on environmental variables, organizational factors, and 
strategic response. This theory includes three types of variables, such as unforeseen 
variables, performance variables, and response variables, which are considered quite 
important in formulating the strategy of an enterprise. In the theoretical aspect, the 
factors that influence e-marketing strategy are: clear e-marketing policies, cost, 
resources, cultural orientation towards marketing, infrastructure, competition, owner 
characteristics, level of education, age, general technological knowledge, enterprise 
size, management style, organizational structure, application of technology, IT 
characteristics, marketing department, customer satisfaction, etc. 

In the study of E-marketing strategy and E-strategy process in the tourism 
industry, it was used the sample of 36 experts, who are experts of the tourism industry 
in Kosovo and Albania, individuals who have university qualifications and work in 
the positions of marketing managers and sales at hotel enterprises, travel agencies, 
tour operators and airlines. Based on the results of the third phase, it can be concluded 
that the internal factors are the most important factors of the six criteria. Among the 
internal factors (attitudes and knowledge of entrepreneurs), special environmental 
factors (relationships with customers and suppliers), technological factors 
(innovations and cost of IT), economic factors (advertising fees for representation in 
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In the study of E-marketing strategy and E-strategy process in the tourism 
industry, it was used the sample of 36 experts, who are experts of the tourism industry 
in Kosovo and Albania, individuals who have university qualifications and work in 
the positions of marketing managers and sales at hotel enterprises, travel agencies, 
tour operators and airlines. Based on the results of the third phase, it can be concluded 
that the internal factors are the most important factors of the six criteria. Among the 
internal factors (attitudes and knowledge of entrepreneurs), special environmental 
factors (relationships with customers and suppliers), technological factors 
(innovations and cost of IT), economic factors (advertising fees for representation in 
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search engines), political and legal factors (adaptation of international policies), 
cultural and social factors (the general culture of the organization), are the most 
influential factors in the E-marketing strategy according to the AHP method analysis. 
Whereas of all the factors and sub-factors, according to the importance, attitudes, and 
knowledge of entrepreneurs, management support, customer relations, and suppliers, 
IT cost, competitor identification, competitor analysis, and innovation have the 
highest influence. 

Recommendations 
Based on the contingency theory, and also in the TEO framework, the model in Figure 
10 has been proposed. It is recommended to be analyzed by tourism industry sectors, 
as it can help in defining proper E-marketing strategy. The factors presented in this 
model are determined based on the findings of this research. 

From the proposed model the following recommendations have been derived: 

• Every entrepreneur should be knowledgeable of the benefits offered by E-
marketing and have a positive attitude since the role of e-marketing on the 
tourism industry is pivotal. Businesses that have shifted from traditional 
marketing to online forms have had better success compared to businesses 
that have not followed this trend. 

• It is recommended that senior management should support marketing 
activities by allocating sufficient budget for these activities and not to 
consider unnecessary expenses. It is not given enough importance to 
marketing in Kosovo and Albania, particularly, E-marketing. 

• In cases of the lack of E-marketing specialized staff, it is necessary to hire or 
collaborate with specialized/professional E-marketing agencies. 

• To be on track with the trends of technological development concerning 
developed countries, because only in this way they keep up with the 
competition. The cost of technology should not be a hindrance to businesses, 
because it results in high profits. 

• Train staff in the area of E-marketing because human resources are a strong 
pillar for an institution. 

• The importance of consumers to the marketing concept lies at the forefront, 
so more advanced services should be offered, especially in the tourism 
industry where the tourist travels to the country he or she wants to see and 
there is no possibility of going to the destination in advance. Based on this, 
everyone makes a decision based on recent online information. 

• Establish continuous contacts with customers. It is recommended for all 
businesses to create online ways where customers can express their 
satisfaction and dissatisfaction because only in this way they can make 
continuous improvement in all the services they offer.   Work more on 
security and privacy issues, because in Kosovo, as well as in Albania, many 
businesses and clients fear that their data may be misused and used for other 
purposes. 
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• Review the policies and laws of developed countries regarding consumer 
rights to let them know that there is a well-controlled system in these countries 
in order to make use of the goods and services offered online. 

• For public and private universities to work towards quality in the field of E-
marketing, offering more professional programs in this field, as it is a segment 
that needs to be emphasized. Specialists should be in the right positions, as it 
turns out that non-specialized staff is employed in the e-marketing position. 
This was proved by the fact that it was difficult to find experts in this field. 

• Researchers should focus more on the role of technology and, especially E-
marketing, in the field of tourism. 

 
Figure 10. The model recommended by the author on contingent factors based on 

contingency theory. Source: Author, based on [38]. 
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Abstract 
The traditional statistical approach in synonyms extraction is time-consuming. It is 
necessary to develop a new model to improve the efficiency and accuracy. This research 
presents a new model in synonyms extraction called Noun Based Distinctive Verbs 
(NBDV). During the documents’ numerical representation phase, the NBDV replaces 
the traditional tf-idf weighting scheme with a novel weighting scheme called the Orbit 
Weighing Scheme (OWS). The OWS links the nouns to their semantic space by 
examining the singular verbs in each context. The weight of the term is determined by 
considering the three parameters: Verb_Noun Frequency, Verb_Noun Distribution, and 
Verb_Noun Distance. The Verb_Noun Distribution parameter is mathematically 
formulated to depict the semantic relation between the noun and a certain set of verbs 
that only appear in the context of this noun.  We compared the new models with 
important models in the field, such as the Skip-Gram, the Continuous Bag of Words, 
and the GloVe model. The NBDV model was tested on both Arabic and English 
languages, and the results showed 47% recall and 51% precision in the dictionary-based 
evaluation and 57.5% precision in the human experts’ evaluation. Comparing with the 
synonyms extraction based on tf.idf, the NBDV obtained 11% higher recall and 10% 
higher precision. Regarding the efficiency, we found that on average, the synonyms 
extraction of a single noun requires the process of 186 verbs, and in 63% of the runs; 
the number of singular verbs was less than 200. It is concluded that the developed 
method is efficient and processes the single run in linear time. 
Keywords: Automatic Synonyms Extraction, Cosine Similarity, Orbit Weighting 
Scheme, Semantic Context Analysis, Vector Space-based Extraction. 
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1. Introduction 
The languages are rich in synonyms or semantically related words. This merit gives 
the writer the ability to describe the same entity using different words and yields 
interesting and more vivid text [1]. However, the existence of synonyms confuses the 
text mining systems that employ the exact matching approaches such as the Boolean 
models or the statistical models [2]. Therefore, in the text mining fields, it is necessary 
to develop Automatic Synonyms Extraction (ASE) systems to identify the synonyms 
for the text mining applications. 

In many Natural Language Processing (NLP) and Information Retrieval (IR) 
publications, the semantic investigation of the text contents was improved by hiring a 
semantic dictionary (such as the synonyms dictionary) in the investigation process [3], 
[4], [5]. The semantic dictionaries, with what they contain of synonyms, are valuable 
tools. These tools improve the precision and the recall of the NLP and IR applications, 
for example, in the field of text categorization, Barak et al. in [3] used the synonyms 
investigation to increase the recall from 71% to 92%, and in the field of Information 
retrieval, Dinh and Lynda [4] showed that the synonyms investigation participated in 
increasing the Main Average Precision (MAP) by 5.61%. Also, The ASE supports the 
term weight which is necessary to determine the importance of the word in a particular 
context [5] 

1.1. OWS Importance 

Recently, important publications in the field of ASE used the statistical approach and 
gained significant precision [6], [7], and [8], but they did not consider the efficiency 
and the time required for their systems tends to be long. For example, Leeuwenberga 
et al. in [7] used a bag of word model called relative cosine similarity to extract the 
term synonyms. In their work, the construction of the terms-terms weighted matrix is 
expensive in terms of space and time, and the repetitive computations add more delay. 
Minkov and Cohen [6] used a path constrained graph, and the problem with this graph 
is the high time required to construct the graph and the space needed to store the graph. 
The graph stores each term in the corpus with all existing edges that link this term to 
the other terms found in the corpus, add to this the time needed to follow all the paths 
that lead to the terms. Henriksson et al. [9] manipulated two efficient distributional 
hypothesis models over two large corpora to investigate more semantic relations 
between the terms, but even that the recall was reasonable (47%), it was obtained in a 
very low precision (8%). In this case, the low precision means that the size of the 
answer set was large, and only 8% of the answer was correct. Henriksson et al. used 
the random permutation and random indexing to construct the required semantic 
spaces, and those two techniques do not have the accuracy of more advanced statistical 
techniques such as the Latent Semantic Analysis (LSA). The LSA comes under the 
Global Matrix Factorization methods [10]; it maps the terms-documents space to a 
terms-concepts space or a concepts-documents space. The time complexity of the LSA 
is high because the LSA captures the meaning of the term by creating a sophisticated 
network in different contexts and huge datasets [11]. 

JOURNAL OF INFORMATION AND ORGANIZATIONAL SCIENCES 

In the literature of synonyms extraction, the Pointwise Mutual Information (PMI) 
mathematical model is used to measure the association between two terms [12, 13, 14, 
15]. The PMI of x and y considers the number of times x and y occurred together, f(x, 
y), and the frequency of x, f(x), and the frequency of y, f(y). The PMI is computed 
using the following equation: 

𝑃𝑃𝑃𝑃𝑃𝑃(𝑥𝑥, 𝑦𝑦) = log2
𝑓𝑓(𝑥𝑥, 𝑦𝑦)

𝑓𝑓(𝑥𝑥) ∗  𝑓𝑓(𝑦𝑦) 

Where f(x, y), f(x), and f(y) are normalized by the number of terms (N) in the 
whole corpus. 

𝑃𝑃𝑃𝑃𝑃𝑃(𝑥𝑥, 𝑦𝑦) = log2

𝑓𝑓(𝑥𝑥,𝑦𝑦)
𝑁𝑁

𝑓𝑓(𝑥𝑥)
𝑁𝑁

𝑓𝑓(𝑦𝑦)
𝑁𝑁

 

𝑃𝑃𝑃𝑃𝑃𝑃(𝑥𝑥, 𝑦𝑦) = log2
𝑓𝑓(𝑥𝑥, 𝑦𝑦) ∗ 𝑁𝑁

𝑓𝑓(𝑥𝑥) ∗  𝑓𝑓(𝑦𝑦) 

The PMI does not demand the adjacency of x and y, and the researchers used the 
PMI with different window sizes, for example, Inkpen in [15] used a content 
window of size 2, whereas, Yu et al. in [14, 16] used a content window of size 4. 

The PMI is a normalized frequency, which inflates for the low frequency of f(x, 
y). And, the PMI does not consider the semantic association between x and y. In 
addition, with the plain definition of the PMI, how the PMI distinguishes between the 
verbs, nouns, or any other parts of speech, and how the PMI finds the relation between 
the different parts of speech that establish the semantic context of the text. All the 
standard techniques (such as the PMI and Chi-square [17]) that examine the co-
occurrences of the terms see the terms as random variables without any semantic 
meaning. Therefore, measuring the co-occurrence of two terms is not sufficient to find 
a true relationship between two terms and to distribute the terms over their semantic 
contexts. 

To solve the problem of the PMI and the similar techniques, and to link the terms 
to their context, the researchers adapted the Vector Space Model (VSM) to be 
applicable for the synonyms extraction. For example, the VSM model was used to 
build two synonyms extraction models,   the skip-gram (SG) model and the 
Continuous Bag-of-Words (CBoW) model [18]. Besides considering the frequency of 
the examined terms, the VSM measures the distribution of the terms over the text 
segments by using the inverse term frequency in the tf.idf weighting scheme. However, 
the traditional VSM model in synonyms extraction is time-consuming, especially in 
real applications such as query expansions and text mining [6], [11], [19]. In 
traditional tf.idf models, a vector of weights is created for each term in the text. This 
vector consists of the weights of every term in the corpus with respect to the term 
being processed, which yields several weighting processing steps equals the square 
number of the terms. Mikolov et al. in [18] proposed hierarchical softmax and 
negative sampling approaches to prevent quadratic time. 
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Pennington et al. in [20] combined the matrix factorization methods with the 
shallow window-based methods to produce the pioneering GloVe model. The GloVe 
model produces global vectors for the corpus terms, and through these vectors, the 
similarities between the terms can be determined. This model can be used in the field 
of synonyms extraction because it can give accurate similarity between two words, as 
the authors showed in table 2 in [20]. In Addition, the GloVe model is considered 
efficient because it processes only the non-zero elements in the co-occurrence matrix. 
However, the basic assumption of the GloVe model requires the process of the term i 
with respect to every term that occurs in the context of i. To avoid O(|𝑉𝑉|2)  time 
complexity, where V is the number of vocabularies, Pennington et al. placed a tight 
bound on the number of nonzero elements in the co-occurrence matrix. 

Excluding the stopwords, the vector space models equalize the importance of the 
verbs, adjectives, and nouns in determining the weights of a specific term and in 
exploring the relationship between two terms. From our point of view, this is not 
accurate and may disperse the extraction process. For example, it is hard to find a set 
of adjectives that are associated with a specific set of nouns, and the vast majority of 
the adjectives appear with objects that belong to different semantic contexts, whereas, 
we can find a set of verbs that normally appears in a specific semantic context, think 
about the verb “park” for the context that talks about the vehicles, and the verb “bark” 
that directly link the picture toward certain kind of animals (dogs or wolves). The 
design of the OWS weighting scheme addresses this critical issue. The OWS is based 
on the claim that processing the verbs increases the efficiency because it neglects the 
processing of the other parts of speech, and increases the precision because it will not 
process the text’s parts that disperse the extraction process.  

The use of verbs as a semantic relation investigator between two concepts was 
used by Imsombut in [17], Imsombut experienced the semantic relations extraction 
for the Thai language. Imsombut used the standard definition of the tf.idf to find the 
weights of the verbs in which, the tf is the frequency of the verb v in the collection, 
and the idf is the distribution of the verb v over the text segments. The standard 
definition of tf.idf does not correlate the verbs with the nouns (or concepts); it 
correlates the verbs with their statistical context. We found two problems of the tf.idf 
used in [17], (1) the processing of all the verbs found in the corpus, and as we know 
that some verbs are general verbs and can be used with a verity of objects and subjects 
in different domains (think about the verbs buy, walk,…), and (2) the inverse verb 
frequency did not consider the concept (the number of concepts appeared with the 
verb v); it considered the document or the text segment (the number of documents the 
verb v appeared in).  

1.2. Research Aims and Contributions 

This research aims to enhance the weighting scheme in a way that processes the 
meaningful units and correlates the verbs with the nouns in semantic and robust 
relations. The paper contributions are summarized in the following points: 

• Orbit Weighting Scheme: the paper discusses the efficiency and accuracy 
enhancement of the synonyms extraction through the amendment of the 
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that some verbs are general verbs and can be used with a verity of objects and subjects 
in different domains (think about the verbs buy, walk,…), and (2) the inverse verb 
frequency did not consider the concept (the number of concepts appeared with the 
verb v); it considered the document or the text segment (the number of documents the 
verb v appeared in).  

1.2. Research Aims and Contributions 

This research aims to enhance the weighting scheme in a way that processes the 
meaningful units and correlates the verbs with the nouns in semantic and robust 
relations. The paper contributions are summarized in the following points: 

• Orbit Weighting Scheme: the paper discusses the efficiency and accuracy 
enhancement of the synonyms extraction through the amendment of the 
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traditional weighting schemes in the VSM-based text extraction. The 
enhanced weighing scheme or the Orbit Weighting scheme represents a 
developed version of the traditional tf-idf that remedies the time penalty of 
weighing the contents of text and investigates the semantic context of the 
verbs and nouns. The OWS computes the term weight based on the semantic 
investigation that uses clear parameters and robust procedure.  

• Semantic Context Investigation: the OWS links a group of nouns or 
semantically related nouns with a set of verbs that are only used with these 
nouns. This linking transfers the extraction of the noun synonyms from the 
traditional statistical context (tf.idf model) to the semantic context space. The 
nouns' co-occurrences are represented by semantic relations instead of simply 
counting their occurrences.   

• Efficiency and precision improvement: the use of the OWS will reduce the 
number of processed terms in every single run of the synonyms extraction, 
which will participate in enhancing the efficiency (see Table 7, and Figure 15, 
16). And, the semantic investigation of the text contents will participate in 
increasing the precision and provide more accurate synonyms (see Figure 9, 
10, 11, 12 and Table 4, 5, 6). 

The paper sections are organized as follows: Section 2 surveys the research in the 
field of statistical synonyms extraction. Section 3 describes the NBDV method of 
extraction with the weighting schemes and the similarity model. Section 4 depicts the 
experimental environment and presents the results. Section 5 evaluates the relevancy 
and efficiency of the NBDV results, and section 6 discusses the factors that affected 
the extraction process and mentions the advantages and disadvantages of the NBDV 
method. Finally, section 7 draws the conclusions and future work. 

2. Related Work 

2.1. Synonyms Sets Appearance and their Influence  

The idea of constructing a lexical database came from a group of psychologists and 
linguists who aimed to find an informative way to search the English dictionary [21]. 
They manually collected the synonyms and stored them in a lexical database. The 
produced databases grouped words based on their meanings (the synonym relation), 
and the grouped words are called synsets. The synsets linked together via super-
subordinate relation in which the general objects that belong to a certain synset were 
linked to a more specific object that belongs to another synset. Also, the relation was 
transitive and allowed the link of the general synsets with the parts of the specific 
synsets [22].  

Researchers in Computational linguistics are interested in investigating the 
synonyms of the words, and they arranged them in a special kind of dictionaries called 
WordNets [23]. The WordNet is an extensive database that stores the words together 
with their synonyms. It is a concepts dictionary that groups words based on their 
meanings to produce the synsets. The first appearance of the WordNets was at 
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Princeton University, and it was performed manually for the English language [21].  
According to Miller et al., the WordNet aimed to facilitate the searching in the 
dictionary and to substitute the regular word searching (which is typically done by the 
alphabetical ordering of words) by the concepts searching. 

The EuroWordNet was developed for eight European languages [24]. 
EuroWordNet employed the same model used to construct the Princeton WordNet and 
added two new contributions, the hiring of the Base Concept, and the addition of new 
relations with a precise way to clarify the relations among the synsets [24]. AWN is 
the WordNet that was developed for the Arabic Language [25]. Elkateb in [25]  
benefited from the model used in Princeton WordNet and EuroWordNet, but they 
faced a real challenge related to the morphological structure of the Arabic Language. 
To solve this challenge, Elkateb combined the Interlingual Index used in 
EuroWordNet with a suggested upper merged ontology [25]. 

In many NLP publications, the semantic investigation of the text contents was 
improved by hiring a semantic dictionary such as the synonyms dictionary [26], [27], 
[28], and [29]. The term weight of a given term was computed based on its parameters 
(for example, term frequency and inverse term frequency) and the parameters that can 
be obtained from its synonyms. In the field of text classification, Scott and Matwin in 
[26] used the WordNet and computed the weight of a term by dividing the number of 
occurrences of the term’s synset (taken from WordNet) in the document over the 
document length. Bloehdorn and Hotho in [27]  used WordNet to generalize the terms 
to their concepts and employ them in the classification process instead of individual 
terms. Bloehdorn et al. in [30] mapped the terms to their super concept using the 
WordNet. Another semantic text repository used to improve the semantic text 
classification was Wikipedia [31] and the Open Direct Project [32].  

Text Categorization is another field of text mining that utilized the WordNet 
semantic dictionary, in [28] the authors used WordNet to build training data and in [3] 
the authors supplemented the Latent Semantic Analysis with the concepts that were 
extracted from the WordNet. In [29] Luo et al. proposed a weighting scheme that 
considers the semantic similarity value between the term and the interpretations of the 
name of the category, and the interpretations are taken from the WordNet. The major 
benefit they gained was the smaller training data required to distribute the 
uncategorized documents over their categories. 

In the field of Information retrieval (IR), the semantic investigations of the term 
synonyms and the generalization of the terms to concepts during the weighting and 
indexing process were addressed by many researchers [4]. Dinh and Tamine used the 
semantic meaning to solve the ambiguities that are generated from the regular tf.idf 
weighting. They mapped the terms to specific concepts taken from MeSH (semantic 
dictionary for medical data) and then correlated the concept to the correct domain. In 
this case, the IR system can capture the correct meaning of the term because it knows 
the concept underlying the term and to which domain the term belongs.  Dinh and 
Tamine built an IR system to implement their idea, and they gained a noticeable 
improvement in the relevancy of their system comparing with two tf-idf IR systems. 
However, Dinh and Tamine used specific domain knowledge (biomedical documents), 
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which enabled them to reduce the problem space (a small number of concepts and a 
small number of domains). 

2.2. Synonyms Extraction Techniques 

In the literature of the ASE, three main extraction techniques can be derived from the 
published research:  

• The statistical techniques over monolingual corpora, such as the Point Mutual 
Information [14], the Vector Space Model with cosine similarity or relative 
cosine similarity [7], [33], [34], [35], and [36]. 

• The translation techniques among different languages over the bilingual or 
multilingual dictionaries (the words that share the same interpretations are 
synonyms) [37], [38], and [39]. 

• The linguistic analysis techniques that syntactically and semantically parse 
the corpus or the dictionary to extract synonyms [6], [9], [8], [40], and [41]. 

In general, the VSM based models in text mining and information retrieval 
process the whole corpus and make detailed computations for every term [19]. These 
computations include the weighting of the terms which requires two things: (1) 
Specifying the required parameters such as the term frequency (tf) and the inverse 
term frequency (idf). (2) Applying a weighting scheme such as the log frequency and 
the tf-idf weighting schemes. The best-known formula used in the information 
retrieval or text mining of the tf-idf scheme was the one proposed by Salton and 
McGill [42]:  

𝑤𝑤𝑡𝑡,𝑑𝑑 = ( 1 + log 𝑓𝑓𝑡𝑡,𝑑𝑑)(log
𝑁𝑁

𝑑𝑑𝑑𝑑𝑑𝑑)  

Where wt,d is the weight of the term t in text  d, ft,d is the frequency of the term t 
in text d, dft is the number of text segments contains t, N is the number of text 
segments in the corpus, text segment could be document, query, paragraph, or 
sentence. 

After specifying the weight for each term, the vector space model computes the 
similarity between the vectors.  The vectors represent the weights of the terms in the 
text (if it was a text mining application) or the weights of the terms in the user query 
and in the set of documents (if it was an information retrieval application). The cosine 
similarity is computed by using the following equation [2]: 

 

sim( 𝑣𝑣1⃗⃗⃗⃗ , 𝑣𝑣2⃗⃗⃗⃗ ) = cos( 𝑣𝑣1⃗⃗⃗⃗ , 𝑣𝑣2⃗⃗⃗⃗ ) =  𝑣𝑣1⃗⃗⃗⃗ . 𝑣𝑣2⃗⃗⃗⃗ 
|𝑣𝑣1⃗⃗⃗⃗ |. |𝑣𝑣2⃗⃗⃗⃗ |

  

sim( 𝑣𝑣1⃗⃗⃗⃗ , 𝑣𝑣2⃗⃗⃗⃗ ) =  
∑ 𝑤𝑤𝑤𝑤1𝑖𝑖

𝑡𝑡
𝑖𝑖=1 . 𝑤𝑤𝑤𝑤2𝑖𝑖

√∑ 𝑤𝑤𝑤𝑤1𝑖𝑖
2|𝑣𝑣1⃗⃗ ⃗⃗ |

𝑖𝑖=1  . √∑ 𝑤𝑤𝑤𝑤2𝑖𝑖
2|𝑣𝑣2⃗⃗ ⃗⃗ |

𝑖𝑖=1

 

Where  𝑣𝑣1⃗⃗⃗⃗  is the vector of text segment v1,   𝑣𝑣2⃗⃗⃗⃗  is the vector of the text segment 
v2, 𝑤𝑤𝑤𝑤1𝑖𝑖 is the weight of the term i in v1, 𝑤𝑤𝑤𝑤2𝑖𝑖 is the weight of the term i in v2, t is 
the number of terms in the whole corpus. 
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The cosine similarity measures the angle between the vectors; if the angle is small 
(high cosine value), then the similarity is high which implies high resemblance 
between the two text segments (two documents, document and query, document and 
summary, two lists of synonyms). 

Many research publications employed the VSM model in the synonyms extraction 
[7], [33], [34]. The tf-idf weighting scheme and the cosine similarity are adapted to 
reflect the terms to terms relations instead of the query to documents relations in the 
IR [7]. Analog to the VSM model in IR, the CBoW and SG model were developed in 
the field of synonyms extraction and hired the cosine similarity to find the similarity 
between specific term and all the terms found in the corpus [18]. 

Chen and Lynch [34] used the Vector Space Model to extract the synonyms by 
computing the cosine similarity between the terms found in a large corpus. They 
collected the nouns (called the descriptors) and computed the cosine similarity 
between all the descriptors that have a frequency greater than 3. Before Chen and 
Lynch, Crouch [33]  built an automatic thesaurus dictionary to expand the user query 
in IR research. Crouch used the VSM and represented the terms as dimensions, and 
the documents were vectors in the term dimension space. The author built thesaurus 
classes by combining similar documents in one cluster. Then, Crouch extracted the 
terms that had low document frequencies from each cluster to form the thesaurus 
classes. The aim was not the synonyms by themselves, but to expand the user query 
terms by supporting terms found in a similar document.  

Leeuwenberga et al. in [7] emphasized the idea that the simple cosine similarity 
hurt the precision because it combines synonyms, hypernyms, and hyponyms in the 
synonym set. Leeuwenberga et al. proposed to consider the top ten similar words and 
included them in the calculation of the similarity to obtain more accurate similarities. 
They divided the simple cosine similarity between w and wq words by the summation 
of the cosine similarities of the top ten words similar to w. Leeuwenberga et al. 
obtained 12% precision value (for both English and German).  

To solve the problem of computation penalty, Zhang and Wang [43] used the 
Word2Vec model based on CBoW and SG model to map the relations among the 
corpus terms, and they used the cosine similarity to find the similarity and spectral 
clustering to identify the synonyms. Henriksson et al.  [9] developed a model for 
extracting synonyms in biomedical data, and they aimed to enhance the distributional 
hypothesis model that is deeply used to extract the related meaning words. Henriksson 
et al. enlarged the scale of the semantic relations among the terms by incorporating 
two distributional models (instead of one as usual in the distributional hypothesis) and 
two corpora instead of one large corpus. The aggregation of multiple models and 
corpora enabled the authors to create more semantic spaces which enriched the 
relations between the terms [9]. 

In [35], Lakshmi and Baskar presented two novel term weighting schemes TF-
RTF and TF-RFST. The shared idea between the TF-RTF and TF-RFST was to 
combine the term frequency and the frequencies of the terms that share the same 
meaning. The set of semantically related words was determined by the Fuzzy C-
Means clustering algorithm. Alsmadi and Hoon [36] proposed a new supervised term 
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weighting scheme (called SW) for weighting the terms that appear in short text 
messages.  

Recently, to build an ontology for the Arabic Language, Benabdallah et al. 
depended on automatically extracted patterns (called them markers) to find the 
semantic relations between statistically selected terms [8]. AlMaayah et al. in [5] 
produced a synonym set for the terms of AL Quran AL Kareem (the holy book for 
Muslims). AlMaayah et al. produced the synsets by linking the Quran’s terms with 
their meanings that were obtained from a traditional dictionary. The authors 
successfully improved the recall of the semantic search by 27% compared with a 
baseline system.   Table 1 shows the list of references that use the statistical methods 
with their models and some accuracy results that were collected from their 
publication. 

All the mentioned publications in this section either require heavy access to terms 
or relations database or require massive computational operations over all the terms 
found in a huge corpus. In this paper, the weighting and extracting of the terms and 
synonyms are not based on a store dictionary, and the extraction of the semantic 
relations between the nouns is accomplished by only considering the verbs. Also, not 
all the verbs will be processed.  The verbs that have a large term frequency or appeared 
with a large number of nouns will be neglected. 

3. NBDV Synonyms Extraction Method 
The NBDV is developed in this investigation. It is a vector space-based synonyms 
extraction method that considers three aspects during the synonyms extraction 
process:  

• Making the synonyms extraction completely statistical. This means that 
during all the phases of extraction, the NBDV does not use a database of 
stored synonyms, meanings, or patterns. The database approach is language-
dependent, and it restricts the synonyms extraction process with the contents 
of the database without having the ability to gain more information from the 
huge text found on the internet. Also, it requires a huge effort and a lot of 
time, which may long for years, to build a database that contains all the nouns’ 
synonyms. 

• Processing the nouns as meaningful units, not as a bag of words (as in the 
CBoW and SG models) and capturing the noun’s meaning by precisely 
collecting the verbs that are specific to a group of nouns (the parameters used 
to identify the verb uniqueness is described in section 3.1).  

• Reducing the problem domain by weighting the parts of the corpus that are 
related to the noun being processed.  

The NBDV method uses unsupervised learning to extract nouns synonyms. 
Definition1 gives a simple interpretation of the NBDV method: 

Definition 1: assume that 𝑆𝑆𝑛𝑛1 and 𝑆𝑆𝑛𝑛2 (Verb_Noun adjacent lists) are the sets of 
verbs adjoin the nouns 𝑛𝑛1  and 𝑛𝑛2  such that: 𝑆𝑆𝑛𝑛1 = {𝑛𝑛1𝑣𝑣1, 𝑛𝑛1𝑣𝑣2, 𝑛𝑛1𝑣𝑣3, … , 𝑛𝑛1𝑣𝑣𝑖𝑖} , 
and 𝑆𝑆𝑛𝑛2 = {𝑛𝑛2𝑣𝑣1, 𝑛𝑛2𝑣𝑣2, 𝑛𝑛2𝑣𝑣3, … , 𝑛𝑛2𝑣𝑣𝑗𝑗}. Where 𝑛𝑛1𝑣𝑣1 is the first verb adjacent to the 
noun 𝑛𝑛1, and 𝑛𝑛2𝑣𝑣1 is the first verb adjacent to the noun 𝑛𝑛2. Both 𝑖𝑖 and 𝑗𝑗 are positive 
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integers greater than 1. Then, 𝑛𝑛1  and 𝑛𝑛2  are synonyms if |𝑆𝑆𝑛𝑛1  ∩ 𝑆𝑆𝑛𝑛2| ≥ 𝑐𝑐  (Threshold 
value) 

 
Example: if 𝒏𝒏𝟏𝟏 is “سيارة” (car) and 𝒏𝒏𝟐𝟐 is “مركبة” (vehicle), 

𝑎𝑎𝑎𝑎𝑎𝑎 𝑆𝑆سيارة = ,يقود}  ,يصلح ,يركب ,يركن  ,يصتدم  ,يقلع , يشتري ,ينتج تسير
, ,يسلك ,يدهس  يبيع …

} ⇒ 𝑆𝑆car

=  {drive, repair, ride, park, bump, take off, buy,
 produce, walk, walk, tread, sell, . . . } 

𝑎𝑎𝑎𝑎𝑎𝑎 𝑆𝑆 مركبة = ,يقود}  ,يصلح ,يركب , ,يصتدم  ,يطير  ,يبحر ,يحلق ,يقلع ,ينتج
,يركن  ,يهبط ,يرسو  ,يغرق  يسقط  … 

} ⇒ 𝑆𝑆vehicle

=  {drive, repair, ride, bump, fly, sail, fly, crash,
 produce, park, land, land, sink, fall . . . } 

Assume that  c = 5, then 
سيارةare synonyms because |𝑆𝑆 مركبة and سيارة  ∩ 𝑆𝑆 مركبة| = 7 > 𝑐𝑐 
 
Definition 1 presents the basic and simple idea of the NBDV method.  It considers 

two nouns as synonyms if they share more than c verbs.  But, the selection of the verbs 
that can group the nouns into semantically related groups is more complicated. The 
verbs such as “buy”, “produce”, and  “walk” are general verbs and can be found with 
a wide range of nouns, so they cannot be used as distinguishing verbs. Section 3.1 
depicts the criteria that have been used to select the distinctive verbs and explains how 
these criteria have been employed to weight the verbs in the proposed NBDV method. 

Two aspects should be mentioned before proceeding to detail the NBDV model. 
• The nouns targeted by the NBDV method are the common nouns, not the 

proper or the entity nouns because the latter mostly do not have synonyms. 
 

Project Name  Ref Statistical Model Recall Precision 
Knowledge base creation 
based on automatic creation 
of a semantic network [34] 

Cosine similarly 
(CBoW and SG 

model) 
Cluster Algorithm 

27% 
CBoW 

35% SG 

62% 
CBoW 

66% SG 

Minimally Supervised 
Approach for Automatic 
Synonym Extraction [7] 

Relative cosine 
similarity model 

7% 
German 

12% 
English 

12% 
German 

12% 
English 

Automatic synonym 
extraction using Word2Vec 
and spectral clustering [43] 

Word2Vec model/ 
CBoW and SG 
model/ Cosine 

Similarity/ Spectral 
Clustering 

74% 
Manual 

evaluatio
n 

80% 
Manual 

evaluation 
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𝑎𝑎𝑎𝑎𝑎𝑎 𝑆𝑆سيارة = ,يقود}  ,يصلح ,يركب ,يركن  ,يصتدم  ,يقلع , يشتري ,ينتج تسير
, ,يسلك ,يدهس  يبيع …

} ⇒ 𝑆𝑆car

=  {drive, repair, ride, park, bump, take off, buy,
 produce, walk, walk, tread, sell, . . . } 

𝑎𝑎𝑎𝑎𝑎𝑎 𝑆𝑆 مركبة = ,يقود}  ,يصلح ,يركب , ,يصتدم  ,يطير  ,يبحر ,يحلق ,يقلع ,ينتج
,يركن  ,يهبط ,يرسو  ,يغرق  يسقط  … 

} ⇒ 𝑆𝑆vehicle

=  {drive, repair, ride, bump, fly, sail, fly, crash,
 produce, park, land, land, sink, fall . . . } 

Assume that  c = 5, then 
سيارةare synonyms because |𝑆𝑆 مركبة and سيارة  ∩ 𝑆𝑆 مركبة| = 7 > 𝑐𝑐 
 
Definition 1 presents the basic and simple idea of the NBDV method.  It considers 

two nouns as synonyms if they share more than c verbs.  But, the selection of the verbs 
that can group the nouns into semantically related groups is more complicated. The 
verbs such as “buy”, “produce”, and  “walk” are general verbs and can be found with 
a wide range of nouns, so they cannot be used as distinguishing verbs. Section 3.1 
depicts the criteria that have been used to select the distinctive verbs and explains how 
these criteria have been employed to weight the verbs in the proposed NBDV method. 

Two aspects should be mentioned before proceeding to detail the NBDV model. 
• The nouns targeted by the NBDV method are the common nouns, not the 

proper or the entity nouns because the latter mostly do not have synonyms. 
 

Project Name  Ref Statistical Model Recall Precision 
Knowledge base creation 
based on automatic creation 
of a semantic network [34] 

Cosine similarly 
(CBoW and SG 

model) 
Cluster Algorithm 

27% 
CBoW 

35% SG 

62% 
CBoW 

66% SG 

Minimally Supervised 
Approach for Automatic 
Synonym Extraction [7] 

Relative cosine 
similarity model 

7% 
German 

12% 
English 

12% 
German 

12% 
English 

Automatic synonym 
extraction using Word2Vec 
and spectral clustering [43] 

Word2Vec model/ 
CBoW and SG 
model/ Cosine 

Similarity/ Spectral 
Clustering 

74% 
Manual 

evaluatio
n 

80% 
Manual 

evaluation 
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Synonym extraction and 
abbreviation expansion with 
ensembles of semantic 
spaces 

[9] 

Enhanced 
distributional 

hypothesis model 

47% 8% 

Extraction of terms 
and semantic relationships 
from Arabic texts 
for automatic construction 
of an ontology 

[8] 

Learning Extraction 
Markers 

TF-idf weights 

84% 
 

76% 

Manual judgment of 
synonyms, domain-

specific corpus 
Graph-based similarity 
measures for synonym 
extraction from parsed text 

[6] 
Path Constrained 

Graph model 
MAP = 59% 

Finding Synonyms Using 
Automatic Word Alignment 
and Measures of 
Distributional Similarity 

[38] 

Distributional 
Similarity model 

13% 23% 

Towards an automatic 
extraction of synonyms for 
Quranic Arabic 

[5] 
TF-idf weights 

(VSM) 
35% 33% 

Table 1.  Summary Of The Statistical Models With Their Accuracy Found In The Related 
Work 

• The NBDV model can be seen as a synonyms extraction or more generally as 
a collector of the semantically related words because it combines the terms 
that normally share one semantic context. This point is important to mention 
because, in the evaluation of the relevance of the output set, the evaluator 
should not make an exact match between the automatically generated set and 
the answer set that is taken from the base dictionary. Also, considering the 
NBDV as a semantic word collection model makes it more supportive to the 
other fields of the information systems such as the query expansion in the 
information retrieval systems.  

The NBDV method includes two phases, the weighing phase that uses the OWS 
scheme, and the synonyms detection phase that uses the cosine similarity between the 
vectors that are generated from the first phase to decide if two nouns are synonyms or 
not. 

3.1. The Orbit Weighting (OWS) Phase 

The OWS is used in the weighting phase of the NBDV to replace the traditional tf-idf 
weighting schemes. The OWS is designed for nouns because the nouns are the primary 
concern of the text mining applications. Mostly, the query terms in the IR field, and 
the class and category names in text categorization, and the concept/entity in entity 
recognition, are nouns. 
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In the OWS, the nouns that should be processed have a semantic relation with the 
noun that the user wants to find its synonyms. In each run, the similarities are 
computed between the nouns that share distinctive verbs. Our claim states that the 
nouns that share a set of specific verbs are more likely to be synonyms. For example, 
the noun car and automobile have some special verbs that distinguish them from the 
other nouns such as the verbs “park”, “crash”, and “drive”.  

The reason for selecting the verbs as distinguishing factors is that the other parts 
of speech are normally used with a wide range of nouns. For example, the adjectives 
are used in the languages to describe objects of wide ranges and different domains. 

 

 
Figure 1. Orbit Representation for the Noun-verbs Relationships (OS(n)) 

3.1.1.  Kinetic Relationship 

Figure 1 depicts the idea behind the OWS weighting. The philosophy behind the 
OWS is to picture the semantic meaning of a noun n [OS(n)] 1 as an orbiting space in 
which the noun is the main object (placed in the core), and the semantically related 
verbs are satellites that circulate in fixed orbits around the center. This picture assumes 
that the semantic meaning of a noun is allows determined by the set of verbs that 
always spin in the orbits of the OS(n).  

In Physics, the orbit of an object results from the balance of the forward motion 
of an object and the gravity (FM and G in Figure 1). This balance creates a robust 
structure of the space.  The reason why we want to depict the text as a space of objects 
and orbits comes from the fact that the text is a combination of objects (nouns, verbs, 
and others) and relationships between these objects. Both the forward motion and the 
gravity can be represented statistical in the text, the term frequency and the term 
distribution of a certain term can represent the forward motion, and the singularity of 
a group of verbs to a noun or a set of nouns, which represent the semantic meaning, 
can represent the gravity. All we need is to find a mathematical scheme of all the forces 
that affect the verb.  

 
1 Though out this paper, we will abbreviate the orbiting representation of the noun n as OS(n) 
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1 Though out this paper, we will abbreviate the orbiting representation of the noun n as OS(n) 
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The OWS sees the nouns and verbs relationship as a kinetic representation in 
which the verbs are always actions that working interactively and specifically with 
the nouns. We can represent the verb as an object that holds a specific amount of 
energy and according to this amount of energy, the verbs round in a specific orbit 
around the noun. The energy of the verb represents the balance between the semantic 
relationships and the statistical parameters that can be obtained from a huge corpus.  

Based on our assumption, the nouns are grouped in groups (subspaces) according 
to the meanings of the verbs that are placed in their orbits. In this representation, we 
depict the semantic context of the noun as a subspace, and this subspace consists of 
the noun and the verbs that work kinetically with that noun. 

The importance of the orbits in this representation is to depict that not all the verbs 
have the same degree of importance or the same amount of kinetic energy, and the 
verbs that are close to the center have high energy that increase their effectiveness in 
determining the subspace of the noun. Note that this representation forces that the 
effects of the verbs decrease as we move from the inner to the outer orbits. 
Accordingly, the verbs that appear in the outer orbits are general verbs that are 
circulating in the outer orbits of the vast majority of the nouns. 

In Figure 1, the verbs v1 and v2 (could be the verbs “يقود drive” and “يركن park”) 
spin in the inner orbit, and their contributions are greater than the contributions of 
the verbs v8 and v9 (could be the verbs “ يشتري buy” and “يبيع sell”) that are shifted 
to circulate in the outer orbit. 

3.1.2.  The Mathematical Representation of the OWS  

In the OWS, the noun n is represented as a vector, and the vector of the noun is a set 
of weights of the verbs that appeared in the OS(n) in the corpus, and it can be 
represented as follow: 

𝑛⃗𝑛 =  (𝑤𝑤𝑣𝑣1, 𝑤𝑤𝑣𝑣2, 𝑤𝑤𝑣𝑣3, … ,𝑤𝑤𝑣𝑣𝑣𝑣) 
Where 𝑤𝑤𝑣𝑣1is the weight of the verb v1 in the space of n, and i is the number of 

verbs appeared in the OS(n) in the whole corpus. 
The weights that compose the noun vector 𝑛⃗𝑛    are computing by the OWS 

weighting scheme. The OWS computes the weight of a specific verb and decides 
whether this verb belongs to the n subspace and in which orbit is spinning. Thus, we 
can see the weight of the verb v with respect to the noun n as the amount of energy 
hold by v. 

The OWS weights the verbs based on their singularity to a group of nouns. The 
singularity represents the verb energy and the energy is determined using three 
parameters, (1) the number of times the verb appeared in the OS(n) ( forward motion 
force), (2) the number of orbiting spaces the verb appeared in (gravity force), and (3) 
the average distance between the verb and the noun in each time the verb appears in 
the OS(n) (gravity force). These parameters represent the forces that are affected v, 
and they are necessary to measure the uniqueness of the verb with respect to a specific 
set of nouns or in anther words in which orbit of these nouns’ subspaces the verb is 
located.  



184

JIOS, VOL. 45. NO. 1 (2021), PP. 171-221

ABABNEH, LU AND XU NEW SYNONYMS EXTRACTION MODEL BASED ON... 

The purpose of combining the three parameters is to neglect the verbs that appear 
in the large number of OSs. For example, if the verb appeared with a large number of 
nouns, this implies that the verb is a general verb and the value of the second parameter 
will be very low (the second parameter is inversely proportional to the number of 
nouns the verb appeared-with as appeared in equation 4), and in this case, the OWS 
gives the verb tiny weight and shifts it to circulate in the outer orbits. 

In Definition 1, two nouns are synonyms if they shared a certain number of verbs. 
However, our assumption should be updated to process the verbs according to their 
semantic relation with the nouns, which the orbiting representation reflects. For 
example, consider the verb “يشتري” (buy) and the verb “ يركن” (park) both of them 
appeared in example 1 as verbs adjacent to the nouns “ سيارة”,”مركبة” (appeared in the 
OS(مركبة) and OS(سيارة)), the verb "يشتري" is a general verb that can appear in the 
orbiting spaces of a lot of objects or services, but the verb   يركن is more specific and 
related to fewer spaces such as car or bus. The verb “ يركن” should make more 
contribution in determining that the OS(مركبة) and OS(سيارة) are semantically related 
spaces. It is crucial to determine which verbs should be considered as distinguishing 
verbs (circulating in the inner orbits )and have a significant effect in determining the 
synonyms. Therefore, Definition 1 can be updated as follow: 

Definition 2: assume that 𝑆𝑆𝑛𝑛 is a set of verbs that appeared in the OS(n) such that: 
𝑆𝑆𝑛𝑛 = {𝑛𝑛𝑣𝑣1, 𝑛𝑛𝑣𝑣2, 𝑛𝑛𝑣𝑣3, … , 𝑛𝑛𝑣𝑣𝑣𝑣}, Then, for each Verb 𝑣𝑣, the weight of 𝑣𝑣 is determined by 
considering the following parameters: 

1. VerbNoun Frequency (𝐟𝐟𝐟𝐟(𝐯𝐯|𝐧𝐧)): The number of times the verb v appeared in 
the OS(n) in the whole corpus. This parameter can be seen as the f (v, n) that 
appears in the PMI definition [12]. 

2. VerbNouns Distribution (𝐢𝐢𝐢𝐢𝐢𝐢(𝐧𝐧|𝐯𝐯)): The number of nouns spaces that contain 
the verb v in the whole corpus. 

3. VerbNouns Distance (𝐀𝐀𝐀𝐀(𝐯𝐯|𝐧𝐧)): The average distance between the verb v and 
the noun n in all the (v, n) occurrences in the OS(n). 

In the NBDV method, 𝑛𝑛𝑗𝑗 is considered as a synonym to noun n if the similarity 
between 𝑛𝑛𝑗𝑗 and n exceeded a certain threshold value, and the similarity is computed 
based on the weights of the shared verbs that are weighted by considering the three 
parameters, the 𝑓𝑓𝑓𝑓(𝑣𝑣|𝑛𝑛), the 𝑖𝑖𝑖𝑖𝑖𝑖(𝑛𝑛|𝑣𝑣), and the 𝐴𝐴𝐴𝐴(𝑣𝑣|𝑛𝑛). These three parameters are the 
identifiers of the OWS. 

Based on definition 2, the verb that frequently circulates in the orbits of  a certain 
noun (large value of 𝑓𝑓𝑓𝑓(𝑣𝑣|𝑛𝑛)), and normally located as close as possible to that noun 
( small value of  𝐴𝐴𝐴𝐴(𝑣𝑣|𝑛𝑛)), and appeared with a small set of nouns (small value of 
𝑖𝑖𝑖𝑖𝑖𝑖(𝑛𝑛|𝑣𝑣)), obtained high weight value and should be spin in the inner orbits of Figure 
1. 

To define the three parameters mathematically, assume that t refers to any term 
belongs to the space K, and n refers to any noun belongs to K, and v refers to any verb 
belongs to K, and N is the number of subspaces in K. 
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Parameter 1: VerbNoun Frequency (𝒇𝒇𝒇𝒇(𝒗𝒗|𝒏𝒏)) 
VerbNoun Frequency is the number of times the verb v appeared in the OS(n). 
Parameter 1 or the 𝑓𝑓𝑓𝑓(𝑣𝑣|𝑛𝑛) identifies the verbs that commonly appear with a specific 
noun.  The 𝑓𝑓𝑓𝑓(𝑣𝑣|𝑛𝑛) is computed in equation 1: 

𝑓𝑓𝑓𝑓(𝑣𝑣|𝑛𝑛) = ∑ 𝑓𝑓(𝑣𝑣, 𝑛𝑛)
𝑣𝑣,𝑛𝑛 ∈𝐾𝐾

… (1) 

But, some verbs are general and appear intensively, and others are specific and 
appear in certain domains and platforms. The normalization of equation 1 is 
performed by dividing the 𝑓𝑓𝑓𝑓(𝑣𝑣|𝑛𝑛) by the total number of time the verb v appeared in 
K: 

𝑓𝑓𝑓𝑓(𝑣𝑣|𝑛𝑛) =
∑ 𝑓𝑓(𝑣𝑣, 𝑛𝑛)𝑣𝑣,𝑛𝑛 ∈𝐾𝐾

∑ 𝑓𝑓(𝑣𝑣)𝑣𝑣∈𝐾𝐾
… (2) 

The normalization degrades the importance of the general verbs because the 
denominator in equation 2 will be high for such verbs, and this will decrease the 
weight and shift the verb to outer orbits. 

Parameter 2: VerbNouns Distribution ( 𝒊𝒊𝒊𝒊𝒊𝒊(𝒏𝒏|𝒗𝒗)) 
VerbNouns Distribution is the number of orbiting spaces that contain the verb v in the 
whole corpus. 

𝑛𝑛𝑛𝑛𝑛𝑛(𝑣𝑣) = ∑ 𝑓𝑓(𝑛𝑛|𝑣𝑣)
𝑡𝑡 ∈𝐾𝐾

… (3) 

Where 𝑓𝑓(𝑛𝑛|𝑣𝑣) is the number of distinctive nouns that appeared with v 

To dampen the effect of the 𝑛𝑛𝑛𝑛𝑛𝑛(𝑣𝑣), equation 3 is normalized as follow: 
𝑖𝑖𝑖𝑖𝑖𝑖(𝑛𝑛|𝑣𝑣) = log 𝑁𝑁

∑ 𝑛𝑛𝑛𝑛𝑛𝑛(𝑣𝑣)𝑡𝑡 ∈𝐾𝐾
… (4) 

VerbNouns Distribution parameter indicates the singularity of the verb. The large 
value of the 𝑖𝑖𝑖𝑖𝑖𝑖(𝑛𝑛|𝑣𝑣)parameter means that the verb appeared in a large number of 
orbiting spaces. If the verb distribution among the nouns is high, the effectiveness of 
the verb in differentiating the nouns will be reduced. We argued at this point that the 
verbs that appear intensively in the text should be treated as Stopwords because for 
mathematical computation, they will not add any value. The smaller the value of 
𝑖𝑖𝑖𝑖𝑖𝑖(𝑛𝑛|𝑣𝑣) the larger the contribution of v.  

In traditional tf.idf, the inverse document frequency (idf) is used to measure the 
distribution of the term over the whole documents [44]. If the idf value was high, this 
implies that the term appeared in a large number of documents, and the weight of the 
term will be low. In our weighting scheme, the idf is represented in a practical way in 
which the verbs that appear everywhere in the text are discarded.   The  𝑖𝑖𝑖𝑖𝑖𝑖(𝑛𝑛|𝑣𝑣) is 
used to measure the distribution of the verbs over all the nouns found in the corpus, 
which participates in correlating a set of nouns with a specific set of verbs that 
appeared only with these set of nouns in one semantic space. Similar to idf used in IR 
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and NLP applications, if the 𝑖𝑖𝑖𝑖𝑖𝑖(𝑛𝑛|𝑣𝑣) value was high, this implies that the verb 
appeared with a large number of nouns and the verb will not be beneficial in 
distinguishing the nouns (the weight of the verb will be very low, and the OWS makes 
the verb spins in a far orbit). 

Parameter 3: VerbNouns Distance (𝑨𝑨𝑨𝑨(𝒗𝒗|𝒏𝒏))  
VerbNouns Distance is the average distance between the verb v and the noun n in all 
occurrences of (v, n) in the OS(n). 

𝐴𝐴𝐴𝐴(𝑣𝑣|𝑛𝑛) = 1
𝐴𝐴𝐴𝐴𝐴𝐴(𝑣𝑣𝑝𝑝𝑝𝑝𝑝𝑝 − 𝑛𝑛𝑝𝑝𝑝𝑝𝑝𝑝) , ∀ f(v, n) … (5) 

Where 𝑣𝑣𝑝𝑝𝑝𝑝𝑝𝑝 is the position of the verb v, 𝑛𝑛𝑝𝑝𝑝𝑝𝑝𝑝 is the position of the noun n, and 
f(v,n) represents any occurrence of v and n in OS(n). 

In the OWS scheme, the verb and the noun are not necessary to be adjacent 
because, in some cases, certain words (such as Adjectives, adverbs, …) may come 
between them. For example, consider the following statements from our corpus: 

 
 He drives the car هو  يقود السيارة

 The driver drives the car يقود  السائق السيارة 
 The reckless driver drives the car يقود  السائق المتهور السيارة 

 Recklessly, the drunk driver drives the car يقود  السائق المخمور ب رعونة السيارة
 
The distance parameter (𝐴𝐴𝐴𝐴(𝑣𝑣|𝑛𝑛)) imposes that the effect of the verb on the noun 

becomes stronger if the verb was adjacent to the noun, and this effect is reduced as 
the noun becomes far away from the verb. In the above example, in sentence number 
one, the whole concentration will be on the noun car, but in the fourth sentence, it 
addresses the driver, not the car. So, the 𝐴𝐴𝐴𝐴(𝑣𝑣|𝑛𝑛) identifier gives the verb drive with 
respect to the noun car in the first sentence heavier weight than the verb drive in the 
fourth sentence with respect to the same noun. The importance of 𝐴𝐴𝐴𝐴(𝑣𝑣|𝑛𝑛)parameter 
lies in showing how close the verb to the noun and normally the adjacency means a 
robust relationship between the verb and noun. So, the small value of 𝑨𝑨𝑨𝑨(𝒗𝒗|𝒏𝒏) implies 
a large value of the weight of v.  

3.1.3.  Tf-idf Traditional Weighting  

Before proceeding in further details about the employment of the previously 
mentioned parameters in the weighting equation, the definitions of these parameters 
in traditional tf.idf are mentioned here as how Imsombut in [17] defined and used 
them. The purpose is to make the efficiency and accuracy comparisons.   

In the traditional tf.idf, the tf and the idf are defined as follow: 
𝑓𝑓𝑓𝑓(𝑣𝑣,𝑛𝑛) = ∑ 𝑓𝑓(𝑣𝑣, 𝑛𝑛)

𝑡𝑡 ∈𝑘𝑘
 

Where fr(v,n) is the number of times the verb v appeared with the noun n in K,  
The normalization step that appeared in the OWS (equation 2) is not necessary, 

and we used the traditional normalization as follow: 
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and NLP applications, if the 𝑖𝑖𝑖𝑖𝑖𝑖(𝑛𝑛|𝑣𝑣) value was high, this implies that the verb 
appeared with a large number of nouns and the verb will not be beneficial in 
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addresses the driver, not the car. So, the 𝐴𝐴𝐴𝐴(𝑣𝑣|𝑛𝑛) identifier gives the verb drive with 
respect to the noun car in the first sentence heavier weight than the verb drive in the 
fourth sentence with respect to the same noun. The importance of 𝐴𝐴𝐴𝐴(𝑣𝑣|𝑛𝑛)parameter 
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Where fr(v,n) is the number of times the verb v appeared with the noun n in K,  
The normalization step that appeared in the OWS (equation 2) is not necessary, 

and we used the traditional normalization as follow: 
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𝑓𝑓𝑓𝑓(𝑣𝑣, 𝑛𝑛) = {
1 + log ∑ 𝑓𝑓(𝑣𝑣, 𝑛𝑛)

𝑡𝑡 ∈𝑘𝑘
, 𝑖𝑖𝑖𝑖 ∑ 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐(𝑣𝑣, 𝑛𝑛)

𝑡𝑡 ∈𝑘𝑘
> 0

0                                                                        𝑜𝑜𝑜𝑜ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒  
 

In the traditional tf.idf, we link the noun n with a text segment, not with the verbs 
that appeared with n. The inverse noun frequency of the noun n (𝑖𝑖𝑖𝑖𝑖𝑖n), is the number 
of documents d that contains n and can be defined as: 

𝑖𝑖𝑖𝑖𝑖𝑖(n,d) =  log 𝑁𝑁
𝑖𝑖𝑖𝑖𝑖𝑖(𝑛𝑛) 

Where 𝑖𝑖𝑖𝑖𝑖𝑖(𝑛𝑛) is the number of documents that contain n. 
The VerbNouns Distance in OWS definition can be employed in the tradition tf.idf 

using equation 5. This employment unifies the window size and ensures that the same 
set of verbs are processed in the two weighting schemes (OWS and tf.idf).  

3.1.4. The Weighting Equation of OWS 

After computing the value of each parameter in the OWS, the weight of  the verb v 
the OS(n) is computed, as shown in equation 6: 

Weight(v|𝑛𝑛)  =  𝑓𝑓𝑓𝑓(𝑣𝑣|𝑛𝑛) ∗  𝑖𝑖𝑖𝑖𝑖𝑖(𝑛𝑛|𝑣𝑣) ∗ 𝐴𝐴𝐴𝐴(𝑣𝑣|𝑛𝑛) … (6) 
Equation 6 summarized the OWS weighting scheme, where 𝑓𝑓𝑓𝑓(𝑣𝑣|𝑛𝑛)  is the 

frequency of v with respect to n, 𝑖𝑖𝑖𝑖𝑖𝑖(𝑣𝑣|𝑛𝑛) is the number of n with respect to v, and 
𝐴𝐴𝐴𝐴(𝑣𝑣|𝑛𝑛) is the average distance between v and n.  

Whereas, the weighting equation in the tf.idf weighting scheme will be: 
Weight(v) =  𝑓𝑓𝑓𝑓(𝑣𝑣, 𝑛𝑛) ∗  𝑖𝑖𝑖𝑖𝑖𝑖(n,d) ∗ 𝐴𝐴𝐴𝐴(𝑣𝑣|𝑛𝑛)   … (7) 

Note that in the tf-idf, there is no semantic connection between the noun and the 
verbs because the idf is computed relative to the document not to the verbs that 
normally appear with a set of nouns. 

3.1.5. The OWS Process Architecture 

The OWS weighting process is designed in Figure 2. In Figure 2, the list of verbs that 
appeared with the noun Nouni are weighted based on equations 2, 4, 5, and 6; then the 
weights are distributed to the appropriate orbits based on equation 8.  

In Figure 2, orbit 1 represents the inner orbit that contains the verbs that gained 
the highest weights, and orbit j represents the outer orbit that includes the smallest 
weights. The OWS generates the output as a linked list, and the lists reflect the orbits’ 
representation of the noun-verbs combinations. Nested linked lists are built for the 
noun being processed, and the list contains the verbs associated with the noun in the 
corpus.   

Each level in the list represents one orbit, and all the verbs found in one orbit have 
roughly the same weight value (located with the range specified in equation 8).  The 
verbs that are close to the root node (noun node) have the largest weights, and the 
weights start to decrease toward the leaf. 
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The pointer data structure with the dynamic memory allocation is used to 
represent the OWS output, and the purpose of this representation is to optimize the 
time and storage space. 

The weighting process is designed as follows: 

1. Compute the weighting parameters (𝒇𝒇𝒇𝒇(𝒗𝒗|𝒏𝒏), 𝒊𝒊𝒊𝒊𝒊𝒊(𝒏𝒏|𝒗𝒗), 𝑎𝑎𝑎𝑎𝑎𝑎 𝑨𝑨𝑨𝑨(𝒗𝒗|𝒏𝒏) ) for 
each v appeared in OS(n). 

2. Compute the weight using equation 6 for each v appeared in OS(n). 
3. Construct the vector of n. 

 

Figure 2.  OWS Process Architecture 

4. Specify the range of weights that should be included in each orbit. All the 
weights are located between the interval (MINw, MAXw). Therefore, the 
orbit range is assumed to be: 

𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 = MAXw − MINw
𝑦𝑦 … (8) 

Where y is the number of verbs that are weighted in step 2, MAXw is the weight 
of the verb appears in the inner orbit, and the MINw is the weight of the verb 
appears in the outer orbit. 

5. Extract all the nouns that share the verbs appeared in the first three orbits that 
are specified in step 4. Here it is important to mention that the NBDV method 
processes the nouns found in the first, second, and third orbit and three is set 
as the threshold value of the number of orbits processed by the NBDV 
method. The identification of this threshold value is made by measuring the 
number of processed nouns based on the first 13 orbits for 120 value of n (for 
120 runs of the NBDV), and the results are presented in Figure 3. For more 
illustration, the number of nouns appeared in orbit 3 in our sample is 227, and 
this number increases to 279 in Orbit 4. It was found that the number of nouns 
becomes very large after the third Orbit. 

6. Using OWS equation 6, compute the weights of each verb located in the first 
three orbits with respect to each noun extracted in step number 5, and generate 
a vector of weights for each noun. 
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4. Specify the range of weights that should be included in each orbit. All the 
weights are located between the interval (MINw, MAXw). Therefore, the 
orbit range is assumed to be: 

𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 = MAXw − MINw
𝑦𝑦 … (8) 

Where y is the number of verbs that are weighted in step 2, MAXw is the weight 
of the verb appears in the inner orbit, and the MINw is the weight of the verb 
appears in the outer orbit. 

5. Extract all the nouns that share the verbs appeared in the first three orbits that 
are specified in step 4. Here it is important to mention that the NBDV method 
processes the nouns found in the first, second, and third orbit and three is set 
as the threshold value of the number of orbits processed by the NBDV 
method. The identification of this threshold value is made by measuring the 
number of processed nouns based on the first 13 orbits for 120 value of n (for 
120 runs of the NBDV), and the results are presented in Figure 3. For more 
illustration, the number of nouns appeared in orbit 3 in our sample is 227, and 
this number increases to 279 in Orbit 4. It was found that the number of nouns 
becomes very large after the third Orbit. 

6. Using OWS equation 6, compute the weights of each verb located in the first 
three orbits with respect to each noun extracted in step number 5, and generate 
a vector of weights for each noun. 
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At the end of the OWS phase, the NBDV model has a number of vectors equal to 
the number of nouns shared between the verbs that are located in the first three orbits. 
The outputted vectors are then transferred to the second phase of the NBDV model.

Regarding the tf.idf, in step number two, the weighting will be accomplished 
using equation 7, and it will be computed for all the verbs appeared in K, and steps 
4,5,6 are not necessary because all the nouns will be processed not parts of them, so 
no need to specify which nouns should be processed and which noun should be 
neglected.

3.2. Synonyms Detection phase

The purpose of the second phase is to generate the required synonyms set. The input 
of the synonyms detection phase is a set of vectors generated from the OWS phase. 
The NBDV investigates the vectors and computes the cosine similarity between the
vectors, as shown in Figure 4.  

Figure 3. the Number of Processed Nouns at 13 Orbits of the 120 Runs of the NBDV 
Model 

Figure 4. Synonyms Detection Steps Embedded in the NBDV Model
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The synonyms detection phase takes the following steps: 

1. Find the similarity between  𝑛⃗𝑛   and all the vectors  𝑛⃗𝑛 𝑥𝑥 that is produced from 
the OWS phase using equation 9. 

sim( 𝑛⃗𝑛 , 𝑛⃗𝑛 𝑥𝑥) = cos(  𝑛⃗𝑛 , 𝑛⃗𝑛 𝑥𝑥) =   𝑛⃗𝑛 . 𝑛⃗𝑛 𝑥𝑥
|𝑛⃗𝑛 |. |𝑛𝑛𝑥𝑥⃗⃗⃗⃗ | 

sim( 𝑛⃗𝑛 , 𝑛⃗𝑛 𝑥𝑥) =  
∑ 𝑤𝑤(𝑛𝑛𝑛𝑛𝑖𝑖)𝑗𝑗

𝑖𝑖=1 . 𝑤𝑤(𝑛𝑛𝑥𝑥𝑣𝑣𝑖𝑖)

√∑ 𝑤𝑤(𝑛𝑛𝑛𝑛𝑖𝑖)2𝑗𝑗
𝑖𝑖=1  . √∑ 𝑤𝑤(𝑛𝑛𝑥𝑥𝑣𝑣𝑖𝑖)2𝑗𝑗

𝑖𝑖=1

… (9) 

Where j is the number of shared verbs that are identified in the OWS phase, 
𝑤𝑤(𝑛𝑛𝑛𝑛𝑖𝑖) is the weight of the verb vi with respect to the noun n, and 𝑤𝑤(𝑛𝑛𝑥𝑥𝑣𝑣𝑖𝑖) is the 
weight of the verb vi with respect to the noun nx. The sim ( n, nx ) = 1,  if all the verbs 
are shared and have the same weights. ( 0 <= sim ( n , nx ) <=1 ). 

2. Sort the similarity values in descending order. Discard all the similarity values 
that are less than 0.18. The 0.18 value was determined by scanning the 
generated similarity values of the first 120 nouns. The threshold value was 
specified by dividing the similarity value over 8 ranges as appearing in Figure 
5, and we counted the number of processed noun located in each range. We 
note that the range of 0.2-0.3 contained the largest number of nouns (213). 
Then, and to be more specific, we took this range and the range below it (0.1 
– 0.2) and divided them into seven subranges, as shown in Figure 5. We noted 
that below 0.18, the number of processed nouns become small (46). Add to 
this note, the point appears in Table 2, which shows that the average precision 
was insignificant at average similarity values below 0.2. 

 

Figure 5.  The Number of Processed Nouns Divided into 8 Ranges and 7 Subranges of the 
Noun Similarity Values. 

3. Consider the top similarity values and extract the nouns corresponding to 
these values as the answer set. 

In steps number two and three, the similarity values are sorted, and the top n 
values are treated. The value of n can be user-defined, but in our experiment section, 
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we chose seven as the value of n (maximum seven synonyms for each noun). Each 
similarity value is a value that measures the closeness between two nouns. If the value 
is large, the NBDV method takes the participating nouns as synonyms.  

Back to the orbit representation, the computation function takes the orbit number 
in consideration because the verbs in the inner orbits should have heavier weights. 
The equation solves the problem that may arise if a large number of verbs were shared 
at the outer orbits because their values will be very small to make any difference. This 
feature distinguishes our equation from the similarity equations used in NLP and IR 
fields. All the similarity equations such as the Dice’s Coefficient, Jaccard’s 
Coefficient, and the Cosine similarity deal with a set of values, not an ordered list, 
they do not consider the position of the values in the set before computing the 
similarity.  

The selection of seven as the maximum number of synonyms was based on the 
information that appeared in Table 2, the table traces the precision value of the first 
24 top nouns that appeared in the answer set of 120 runs of the NBDV, for example, 
Top 4 precision is the average precision of all the precision values that were collected 
from the first four synonyms of the generated answer set in 120 runs.   Note that after 
the top 7, the precision value recorded an abrupt decrease, from 51% to 35%. 

The NBDV method is completely statistical and language-independent for the 
languages that have the following word orders: SVO, VSO, VOS, OVS, but it is not 
applicable to the languages that have the SOV (like Hindi, Japanese, Korean) and 
OSV ( like Warao) word orders, because the OWS assumes that the verb precedes the 
noun. 

3.3. NBDV Algorithm 

The algorithm that appears in Algorithm 1 is designed based on the methodology 
described in sections 3.1 and 3.2. The algorithm accepts two inputs, the noun being 
processed (called x), and a preprocessed huge corpus (called K). The preprocessing of 
the corpus explained in the experiment setting section 4.2. The algorithm creates two 
dynamic arrays, verbs(x) stores the verbs adjacent to x, and candidate(x) stores the 
candidate synonyms of the noun x. The output that represents the synonyms for the 
noun x (maximum seven elements) is retrieved in a static array S. S is an ordered list 
sorted by the cosine similarity (equation 9) between the noun x and the candidate 
synonym xc in S.   In the NBDV algorithm, the OWS process is used twice, the first 
use is to compute the weights of the verbs adjacent to the main noun x (stored in 
verbs(x)), and the second use is for each noun xc stored in candidate(x). The second 
use of the OWS will not hurt the time complexity because the algorithm performs it 
only for the verbs stored in verbs(x) after deleting all the verbs that are not located in 
orbits 1 -3 (called O1, O2, O3). 
 
 
 
 
 



191

JIOS, VOL. 45. NO. 1 (2021), PP. 171-221

ABABNEH, LU AND XU NEW SYNONYMS EXTRACTION MODEL BASED ON... 

The synonyms detection phase takes the following steps: 
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Noun Similarity Values. 

3. Consider the top similarity values and extract the nouns corresponding to 
these values as the answer set. 

In steps number two and three, the similarity values are sorted, and the top n 
values are treated. The value of n can be user-defined, but in our experiment section, 
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we chose seven as the value of n (maximum seven synonyms for each noun). Each 
similarity value is a value that measures the closeness between two nouns. If the value 
is large, the NBDV method takes the participating nouns as synonyms.  

Back to the orbit representation, the computation function takes the orbit number 
in consideration because the verbs in the inner orbits should have heavier weights. 
The equation solves the problem that may arise if a large number of verbs were shared 
at the outer orbits because their values will be very small to make any difference. This 
feature distinguishes our equation from the similarity equations used in NLP and IR 
fields. All the similarity equations such as the Dice’s Coefficient, Jaccard’s 
Coefficient, and the Cosine similarity deal with a set of values, not an ordered list, 
they do not consider the position of the values in the set before computing the 
similarity.  

The selection of seven as the maximum number of synonyms was based on the 
information that appeared in Table 2, the table traces the precision value of the first 
24 top nouns that appeared in the answer set of 120 runs of the NBDV, for example, 
Top 4 precision is the average precision of all the precision values that were collected 
from the first four synonyms of the generated answer set in 120 runs.   Note that after 
the top 7, the precision value recorded an abrupt decrease, from 51% to 35%. 

The NBDV method is completely statistical and language-independent for the 
languages that have the following word orders: SVO, VSO, VOS, OVS, but it is not 
applicable to the languages that have the SOV (like Hindi, Japanese, Korean) and 
OSV ( like Warao) word orders, because the OWS assumes that the verb precedes the 
noun. 

3.3. NBDV Algorithm 

The algorithm that appears in Algorithm 1 is designed based on the methodology 
described in sections 3.1 and 3.2. The algorithm accepts two inputs, the noun being 
processed (called x), and a preprocessed huge corpus (called K). The preprocessing of 
the corpus explained in the experiment setting section 4.2. The algorithm creates two 
dynamic arrays, verbs(x) stores the verbs adjacent to x, and candidate(x) stores the 
candidate synonyms of the noun x. The output that represents the synonyms for the 
noun x (maximum seven elements) is retrieved in a static array S. S is an ordered list 
sorted by the cosine similarity (equation 9) between the noun x and the candidate 
synonym xc in S.   In the NBDV algorithm, the OWS process is used twice, the first 
use is to compute the weights of the verbs adjacent to the main noun x (stored in 
verbs(x)), and the second use is for each noun xc stored in candidate(x). The second 
use of the OWS will not hurt the time complexity because the algorithm performs it 
only for the verbs stored in verbs(x) after deleting all the verbs that are not located in 
orbits 1 -3 (called O1, O2, O3). 
 
 
 
 
 



192

JIOS, VOL. 45. NO. 1 (2021), PP. 171-221

ABABNEH, LU AND XU NEW SYNONYMS EXTRACTION MODEL BASED ON... 

 Average Precision Average Similarity 
Top 1 0.91 1 
Top 2 0.908333333 0.749838303 
Top 3 0.75 0.601859652 
Top 4 0.791666667 0.515274347 
Top 5 0.575 0.423002959 
Top 6 0.566666667 0.386232659 
Top 7 0.511666667 0.355228858 
Top 8 0.358333333 0.326606785 
Top 9 0.291666667 0.300332795 
Top 10 0.266666667 0.274658761 
Top 11 0.175 0.253573794 
Top 12 0.166666667 0.246014353 
Top 13 0.15 0.236191662 
Top 14 0.15 0.220238948 
Top 15 0.116666667 0.209058545 
Top 16 0.116666667 0.195219259 
Top 17 0.083333333 0.180584797 
Top 18 0.083333333 0.173604638 
Top 19 0.066666667 0.168626283 
Top 20 0.058333333 0.165138188 
Top 21 0.025 0.161756153 
Top 22 0.016666667 0.152375659 
Top 23 0.016666667 0.142409236 
Top 24 0.016666667 0.139284236 

Table 2. the Average Precision and Average Similarity at 24 Levels of the Answer Set of the 
120 Runs of the NBDV Synonyms extraction 

4. Experiment Preparation 
The experiments are designed to measure the performance in terms of efficiency and 
relevancy of the NBDV method. This implies comparing the results that are generated 
from the NBDV method in two cases, in the first case, the NBDV will use the OWS 
to generate the vectors for the verbs, and in the second case, the tf.idf weighting 
scheme will be used to generate the verbs weights. In both cases, the accuracy 
measurements (Precision and Recall) and the efficiency measurements (the number 
of verbs and the number of nouns) should be collected in every single run of the 
NBDV model. 
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4. Experiment Preparation 
The experiments are designed to measure the performance in terms of efficiency and 
relevancy of the NBDV method. This implies comparing the results that are generated 
from the NBDV method in two cases, in the first case, the NBDV will use the OWS 
to generate the vectors for the verbs, and in the second case, the tf.idf weighting 
scheme will be used to generate the verbs weights. In both cases, the accuracy 
measurements (Precision and Recall) and the efficiency measurements (the number 
of verbs and the number of nouns) should be collected in every single run of the 
NBDV model. 
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ALGORITHM 1: NBDV Extraction 
Input: the noun x , preprocessed Text Corpus K                // Kalimat corpus with term-tag-stem 
format 
Output: the set S of synonyms of the noun x of the form: S = {syn1, syn2 ,…, syni}, where 
sim(x,syn1) <= sim(x ,synj) <= sim (x ,syni) , with max (i) = 7 , j = 1 , 2 , … , max (i) 
Method:  
Begin 
 Construct vec(x)={};                                                     // vector of x  contains the OWS weights of 
the verbs adjacent to x 
 Construct verbs(x)={};                                                  // creating dynamic array to store the 
verbs adjacent to x 
Search through K; 
 c = 0 ;  
 For each vi appeared within ith locations of x // we set 5 as the value of i “window size” 
  { 
    Add vi to verbs(x) 
    Find fr(vi|x)                                // using equation 2 
    Find idf(x|vi)                              // using equation 4  
    Find AD(vi|x)                             // using equation 5 
    Find W(vi|x)                               // using equation 6 
    Add W(vi|x) to vec(x); vc = vc + 1;  // vc : verbs counter 
  } 
    Orbit =  (max(w) – min(w)) / vc ;                                  // computing the orbit range 
    For each w ∈ 𝑣𝑣𝑣𝑣𝑣𝑣(𝑥𝑥) do  
     { 
     if max(w)>= w >= (max(w) – orbit)    add w to O1;    // inner orbit 
      Else if (max(w)-orbit)> w >= (max(w) – 2*orbit)     add w to O2; 
       Else if (max(w)-2*orbit)> w >= (max(w) – 3*orbit)      add w to O3 ;        // the outer orbit 
        Else delete w from vec(x); delete v from verbs(x);  //excluded all the verbs that located after 
orbit 3 

       } 
      Construct candidate(x)        // creating dynamic array to store the candidate synonyms of x 
      For each vi ∈ 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 (𝑥𝑥) do 
       If noun xc adjacent to vi add xc to candidate(x)      // add noun xc the candidate array 
      For each xc ∈ 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐(𝑥𝑥) do 
       { 
         compute the weights of each vi 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 (𝑥𝑥) with respect to xc 
          construct vec(nc); 
          if sim( vec(x) , vec(xc)) < 0.18 delete xc from the candidate(x)   // similarity equation 9 
        }     
     Sort candidate (x);  
    S =  the first seven element of candidate(x);  // the final synonyms set 
End 

4.1. Arabic and English Datasets 

Huge datasets from the Arabic and English languages are used to test the effectiveness 
of the new weighting scheme. Almost, the English language has been used to test the 
performance of all the state-of-the-art models such as the SG, CBoW, and GloVe. 
Therefore, we chose the Common Crawl corpus with 42 billion terms. This corpus is 
used to compare the performance of the NBDV model with the performance of the 
GloVe model as showing in section 5.3.  
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The Arabic language has a well-defined structure with no irregular forms of the 
structures or the verbs. The feature that pushes toward the use of the Arabic language 
as the testing language is the flexibility in constructing the sentences. In Arabic, the 
sentence can be constructed in more than one-word orders, and the writers of the 
Arabic language have the fixability to structure the sentences using the form Subject-
Verb-Object (SVO) or Verb-Subject-Object (VSO). So, in the experiment,  instead of 
using two different languages with two-word orders (SVO, VSO), we used one 
language that accepts both word orders. 

A huge dataset of Arabic text has been used in the experiment of our model. This 
corpus collected four datasets of the Arabic language. The corpus contains millions of 
words. The corpora that included in this corpus include: 

Essex Arabic Corpus: This corpus published free on 
http://www.lancaster.ac.uk/staff/elhaj/corpora.htm. The corpus used recently by Al-
Radaideh and Bataineh [45]. 

Kalimat data corpus2  : Kalimat contains 20,291 Arabic articles. The corpus 
comprises greater than 6,000,000 terms. The data was taken from Omani newspapers 

 242 data corpus, the corpus includes 242 Arabic text documents. The corpus was 
used by many researchers who investigated the Arabic IR field [46].  

AH-Dataset corpus: It’s a new dataset that comprises a huge number of Arabic 
words. The data is collected from three Arabic newspaper websites (Aljazeera.net, 
Alarabiya.net, and Addustour.com) and the Arabic website of Wikipedia. All the 
necessary preprocess operations (Tokenization, POS tagging, and Lemmatization) 
were performed using the ALP tool3 . This tool is developed by Freihat et al. and 
available free for processing Arabic text. We tested the output of this tool manually 
for groups of documents, and the accuracy was significant. 

We tried to vary the topics and the domain of knowledge, so the selected data 
talking about health, science, history, art, religion, technology, environment, 
economic, and financial aspects. 

4.2. Experiment Setting 

This section describes the experiment environment used to test the behavior of the 
NBDV for synonyms extraction. The experiment was performed on  Intel® Core™ 
i5-7200U CPU @ 2.5GHz processor with 8 GB RAM and Windows 10 OS. 

The NBDV method of synonyms extraction is implemented in the VSyn software 
package (see Figure 6). The purpose of developing the VSyn software is to test the 
performance of the NBDV. The VSyn was designed and implemented according to 
the detailed specifications of the NBDV algorithm described in section 3.3.  The VSyn 
allows the user to enter the noun and search for the synonyms.  

The VSyn software interface includes three output panels: 

• The first one displays the sentences that contain the noun. 

 
2 The corpus is available free on http://www.lancaster.ac.uk/staff/elhaj/corpora.htm 
3The tool is avaible online on  http://arabicnlp.pro/alp/ 
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• The second panel displays the verbs that appeared with this noun sorted 
by their distance from the noun. 

• The third panel displays the generated synonyms.  

Also, the software generates an excel sheet that contains all the processed verbs 
and their obtained weights.   

For automatic evaluation with automatic evaluation tools such as the ROUGE 
tool, the system generates a text file for each processed noun that contains its 
synonyms list (see Figure 6). 

As discussed in the previous section, the Kalimat dataset is used in the experiment. 
In Kalimat, the terms are already tagged, but preprocessing operations were performed 
to eliminate the Stopwords, punctuation markers, and special and strange symbols. 
Also, a simple modification is made to unify all the subtypes under one tag. For 
example, Kalimat classifies the types of the nouns, for example,   اسم الآلة(the nouns 
that refer to equipments or tools such as key, saw, lathe, fan, radiator, and scalpel   ( , 
 ,nouns indicate the place and time of the action such as park, airport) اسما الزمان و المكان
appointment), and all the nouns types were unified under the “noun” tag. The same 
thing was done for the verbs; all verb types were unified under the tag “verb”. After 
the preprocessing, the text is stored in ( term-tag-stem) format.  

 

 
Figure 6. VSyn Interface 

The selection of the nouns to be tested in the experiment includes  564 nouns from 
the Kalimat dataset.  The nouns are chosen randomly. The random selection allows 
the testing of nouns that vary in the number of synonyms they have. For example, 
some nouns are common and have a large number of synonyms, and some nouns are 
special and have a small number of synonyms. The NBDV method is significant if it 
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returns a large number of synonyms for the common nouns and a few numbers of 
synonyms for the special nouns. 

The selected nouns are processed one by one, and the generated synonyms were 
collected for evaluation. Also, the verbs and nouns processed in each run were 
collected to measure the processed portion of the corpus and to estimate the time 
complexity needed to finish every single synonyms extraction operation. The types of 
the collected results in the experiment with the purpose of each type appear in the next 
section. 

4.3. Experiment Results  

In the experiment, the following results are collected for evaluation purposes:  

1. The verbs that appeared in each run with their weights. These results are 
used in the evaluation to assess the ratio of processed verbs in each run to the 
total number of verbs in the whole corpus.  The number of processed verbs is 
essential to determine the time complexity of the NBDV, as shown in section 
5.3. For example, consider the noun “هجوم”, the list of verbs and their 
computed weights (using the OWS) came as follow: 

 شن 
Past of 
launch 

 بشن 
Present of 

launch 

 شنا 
Past of 
launch 

for plural 

 صد
repulsed 

 عنف 
expostulate 

 جرح
hurt 

 رتل 
intone 

 تورط 
mire 

 زحف 
Past of 
crawl 

 نجا
Past of 
survive 

0.829 0.794 0.543 0.265 0.193 0.17 0.126 0.101 0.0952 0.0914 

2. The maximum and minimum weights of each run: these are necessary to 
compute the value of the orbit range in each run (the output of the applying 
equation 8). For example, for the noun “هجوم”, the maximum weight was 0.829 
for the verb (launched), and the minimum weight was 0.0914 for the verb 
(survived). 

𝑶𝑶𝑶𝑶𝑶𝑶𝑶𝑶𝑶𝑶 = 𝟎𝟎.𝟖𝟖𝟖𝟖𝟖𝟖−𝟎𝟎.𝟎𝟎𝟎𝟎𝟎𝟎
𝟏𝟏𝟏𝟏  = 0.046 

3. The distribution of the verbs in the orbits: as in the following example for 
the noun “هجوم”: 

 نجا زحف  تورط  رتل  يلطف  جرح اعنف  صد شنا  بشن  شن 
0.829 0.79 0.543 0.265 0.19 0.179 0.15 0.12 0.10 0.095 0.091 
Inner orbit Second orbit Third orbit Fourth orbit Outer orbit 

 

4. The set of candidate synonyms. Similar to the number of verbs, the number 
of processed nouns in each run is collected to estimate the complexity of the 
NBDV method. For example, the candidate synonyms of the noun “هجوم”: 

 عدوان  اعتداء  قوات  عمليات  حمله  هجوم  اعتداءات  ناس رئيس  هجمات
attacks President People assaults attack campaign operations troop assault aggression 
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4. The set of candidate synonyms. Similar to the number of verbs, the number 
of processed nouns in each run is collected to estimate the complexity of the 
NBDV method. For example, the candidate synonyms of the noun “هجوم”: 
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5. The final set of synonyms after deleting the candidate synonyms that have 
low similarity with the main noun: as in the following example for the noun 
 .”هجوم“

 هجوم 
 

attack 

 هجمات
 

attacks 

 ناس
 

people 

 حمله 
 

campaign 

 عمليات 
 

operations 

 اعتداء 
 

assault 

 عمليه 
 

operation 

6. The nouns with their synonyms in one table for all runs. The outputs of 
564 runs of the VSyn were collected in the following format: 

Term Syn1 Syn2 Syn3 Syn4 Syn5 Syn6 Syn7 
These results are important to evaluate the accuracy (Precision and Recall) of our 

method. The final sets of synonyms were evaluated by the ROUGE evaluation tool 
and assessed by the manual evaluators. Table 3 shows a sample of our results.  

5. Evaluation 
After collecting the complete results, the results were evaluated in two separate ways. 
Firstly, by comparing our results with two online sources of Arabic Language 
synonyms; Almaany4 and Google Translate. A sample of nouns found in our corpus 
was randomly chosen, and a comparison between the automatically generated 
synonyms by VSyn system and the synonyms sets available on those two online 
sources has been established. Secondly, six Arabic language experts were hired to 
measure their degree of satisfaction with the accuracy of the VSyn system.  

For accuracy comparisons with the other publications in the field of statistical 
synonyms extraction, we used the recall and precision relevancy measurements that 
are used to test the accuracy of the well-known models; the CBoW and the SG model. 
The Recall is the number of correct synonyms of a noun returned by our method 
relative to the number of actual synonyms number found in the Arabic language for 
that noun (taken from a base dictionary or an expert knowledge).  

 

𝑅𝑅𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 = the number of correct synonyms of the noun generated automatically 
the actual number of synonyms of that noun found in the Arabic Language  

The Precision is the number of correct retrieved synonyms of a noun relative to 
the total number of generated synonyms by the automatic synonym extraction system. 

 

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 = the number of correct synonyms of the noun generated automatically 
the number of synonyms of the noun generated automatically  

Also, to measure the behavior during the synonyms extraction process, and to 
assess the relevancy at each point a new noun is processed by the NBDV method, two 
new evaluation schemes are proposed: 

 
4 https://www.almaany.com/ar/thes/ar-ar/ 
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Term Syn 1 Syn 2 Syn 3 Syn 4 Syn 5 Syn 6 Syn 7 
 ناس
people 

 ناس
people 

 قوم
folk 

 السكان
residents 

 رسول 
messenger    

 منطقه 
area 

 منطقه 
area 

 مدينه 
city 

 شباب
youth 

 ولايه 
state 

 ولايات
States 

 مناطق 
areas 

 عديد
numerou

s 

 مجموعه 
collection 

 مجموعه 
collection 

 جماعه 
group 

 شكل 
form 

 وفد 
delegation 

 اكثر 
More 

 عديد
numerou

s 

 عام
general 

 ولايه 
state 

 ولايه 
state 

 منطقه 
area 

 عام
general 

 محافظه 
governorate 

 مناطق 
Areas 

 بحريه 
marine 

 مدينه 
city 

 شارع
street 

 شارع
street 

 طريق 
road 

 منطقه 
area 

 وادي
valley 

 مختلف
different 

 ولايه 
states  

 no synonyms generated مليار 

 شركه
company 

 شركه 
company 

 شركات 
companies 

 وزاره 
ministry 

 منظمه 
organization 

 مؤسسه 
institutio

n 

 عام
general 

 مشاركه 
participat

ion 
 عدوان 
aggression 

 عدوان
aggression 

 رئيس 
president 

 عديد
numerous 

 اعتداء
assault 

 هجوم 
Attack 

 هجمات 
attacks  

 كاتب 
writer 

 كاتب
writer 

 مؤلف
author 

 كتاب
book 

 كاتبه 
writer 

(female) 

 عمل
Work 

 تاريخ 
history 

 عالم 
world 

 زعيم 
leader 

 زعيم 
leader 

 زعيمه 
leader 

(female) 

 يوم 
day 

 غزو 
invasion 

 رئيس 
president 

 عام
general 

 وقت 
time 

 بحث 
research 

 بحث 
research 

 دراسه 
study 

 تقديم
introducin

g 

 تحقيق 
investigation 

 شباب
Youth 

 تجديد 
renewal 

 عمل
work 

 صور
pictures 

 صوره
picture 

 صور 
pictures 

 تاريخ 
history 

 تصورات 
perceptions    

 وقت
time 

 وقت 
time 

 شكل 
form 

 قدر 
destiny     

 معرفه 
knowledge  

 معرفه 
knowledge 

 تحقيق 
investigati

on 

 وقت 
time 

 مجال 
domain 

 نور 
light 

 نفط 
petrol 

 معلومات
informati

on 
 مسلم
Muslim 

 مسلم
Muslim 

 مسلمون
Muslims 

 مسلمين
Muslims 

 عالم 
world    

 طعام
food 

 طعام
food 

 حقوق 
Fields 

 حديث 
speech 

 غذاء
nutriment 

 بروتينات 
proteins 

 ماكولات
foods  

Table 3. Samples of Generated Synonyms by our Synonyms Extraction System 
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• Average Recall at point: the average recall after the processing of the noun 
number i: 

𝐴𝐴(𝑅𝑅|𝑖𝑖) =  
∑ 𝑅𝑅𝑛𝑛

𝑖𝑖
𝑛𝑛=1

𝑖𝑖  

• Average Precision at point: the average precision after the processing of 
the noun number i: 

𝐴𝐴(𝑃𝑃|𝑖𝑖) =  
∑ 𝑃𝑃𝑛𝑛

𝑖𝑖
𝑛𝑛=1

𝑖𝑖  
The 𝐴𝐴(𝑅𝑅|𝑖𝑖) 𝑎𝑎𝑎𝑎𝑎𝑎 𝐴𝐴(𝑃𝑃|𝑖𝑖) trace the average recall and the average precision trends 

during the processing of the nouns by NBDV method. The importance of 
the 𝐴𝐴(𝑅𝑅|𝑖𝑖) 𝑎𝑎𝑎𝑎𝑎𝑎 𝐴𝐴(𝑃𝑃|𝑖𝑖) is to measure the fluctuation on the recall and precision values 
of the individual runs of the VSyn software. The fluctuation should be in minimum, 
and this can be obtained when the values of the 𝐴𝐴(𝑅𝑅|𝑖𝑖) 𝑎𝑎𝑎𝑎𝑎𝑎 𝐴𝐴(𝑃𝑃|𝑖𝑖) reach to the final 
average of the recall and precision after processing a small number of nouns. 

The recall and precision are manually and automatically collected, and the 
automatic evaluation is performed using ROUGE 2.0 tool. ROUGE 2.0 is widely used 
in literature to test the accuracy of the summarization or extraction systems [47], [48]. 
It evaluates the system generated extract against a reference or gold extracts (typically 
the reference extracts are performed manually or taken from a well-known source). 
To measure the precision and recall using the ROUGE tool, the generated text file 
from the VSyn software is matched against the reference extract taken from the base 
dictionary. 

The evaluation includes the assessment of the precision and recall values obtained 
in the experiment and the time complexity necessary to run the NBDV method. But, 
before evaluating them, the size of the produced answer set from the VSyn system 
should be investigated. 

5.1. The Size of the Answer Set Evaluation  

The size of the answer set is important because if the number of generated synonyms 
is always high this means that the parameters specified in the description of the NBDV 
method are not robust and cannot control the synonyms retrieval process, and if the 
number of synonyms retrieval is always low this means that the parameters cannot 
establish a real semantic relationship between the noun and the candidate synonyms.  

The number of generated synonyms for each noun was statistically determined 
and divided into two categories, less than or equal 3 and greater than 3. On average, 
20% of the nouns gained between one to three synonyms, and 70% of the nouns gained 
more than 3 synonyms (the remaining 10% of nouns gained 0 synonyms). Figure 7 
shows the ratio of the nouns that gained greater than a certain number of synonyms. 
For example, from Figure 7, 20% (110 nouns out of 564 nouns experimented) of the 
nouns gained at least one synonym and at most three synonyms, and 70% of the corpus 
nouns gained at least four synonyms and at most 7. Figure 8 revealed that from 564 
of the tested nouns, 90% gained at least one synonym, and 70% gained at least three 
synonyms. Almost, the output answer is not empty, and the VSyn system that was 
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built based on the NBDV method succeeded to return the reasonable number of 
synonyms.

Figure 7. The Ratio of Nouns that gained 0, 1-3, and 4-7 Synonyms.

Figure 8. The Accumulative Ratio of Nouns that Gained more than 1 and more 
than 3 Synonyms

5.2. Accuracy Assessment Evaluation

Both recall and precision are used intensely to assess the accuracy of the Natural 
Language Processing and Information Retrieval applications. The precision indicates 
the ratio of correctness relative to the answer set, while, the recall gives a broader 
view and estimates the accuracy relative to the typical answer. However, in such kind 
of text mining applications, the determination of the typical answer is practically hard, 
but we can assume that the synonyms set found in the base dictionaries are the ideal 
answer and prepare our calculation accordingly. Also, Arabic language experts and 
speakers were hired to take their opinions in the accuracy of the generated answer set. 
In the manual evaluation, it is hard to ask the experts and the speakers to find the recall 
because this needs large effort from them to find the optimal synonyms set, so from 
the manual evaluation, the precision is the only collected relevancy measure. Brief 
descriptions of the figures and tables appear in this section are as following:

• Figure 9 shows the recall and precision (Almaany dictionary as an optimal 
answer).
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• Figure 10 shows the recall and precision (Google Translate synonyms set as 
an optimal answer). 

• Figure 11 Compares the average recall in the case of using Almaany as a base 
of evaluation and in the case of using Google Translate as a base of evaluation. 

• Figure 12 Compares the average precision in the case of using Almaany as a 
base of evaluation and in the case of using Google Translate as a base of 
evaluation. 

• Figure 13 Compares the trend of the average recall in case of using the OWS 
weighting and in case of using tf.idf weighting (Google Translate as a base of 
evaluation). 

• Figure 14 Compares the trend of the average precision in the case of using the 
OWS weighting and in the case of using tf.idf weighting (Google Translate 
as a base of evaluation). 

• Figure 15:  The spearman rank correlation results of the word similarity 
models over the generated similarities from the NBDV and GloVe. 

• Table 4 shows the final average precision and average recall using manual and 
automatic evaluation strategies. 

• Table 5 shows the precision and recall values for the automatically generated 
synonyms for the first 10 nouns based on OWS and tf.idf weighting schemes. 

• Table 6 shows the average precision for the experts' and speakers' manual 
evaluation. 

5.2.1.  Almaany-Based Evaluation of the NBDV based on OWS Scheme 

Almaany online Dictionary contains the meanings, synonyms, and antonyms of the 
Arabic language words. Almaany is a pioneering online tool that composes a database 
that was taken from a set of famous Arabic dictionaries including “Lesan Alarab   لسان
 Modern Arabic Language” ,”الغني Alghany” ,”الوسيط Alwaseet” ,”الرائد Alraa’d” ,”العرب
 The output of Almaany dictionary looks like .”الجامع and “Aljaam’a ,”اللغة العربية المعاصر
the following picture: 

 

The answer set of Almaany usually contains repeated words, so, a simple 
preprocessing stage to remove the duplicates was performed before the evaluation 
process. For example, the answer set for the noun “فوز winning” includes the 
following synonyms: 

 
  نجاح, منجاه, مفازه,  فلاح,  فتح, غلب,  غلب,  غلبه,  غلبه, غلبه, ظهور,   ظفر, ظفر,  انتصار,  انتصار,  انتصار,

 نصر 
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Note that the Arabic noun “انتصار triumph” repeated three times, the noun “غلبة
predominance” repeated five times.

For the manual and automatic evaluation, a group of nouns was inserted into 
Almaany dictionary, and the generated synonyms were collected in the following 
format. 

Synonyms Generated from Almaany
Synonym Generated from 
our automatic synonyms 

finder
Recall Precision

For example, for the noun “الناس people”, the results were:

Synonyms Generated 
from Almaany

Synonym Generated from 
our automatic synonyms 

finder

Manual 
Recall

Manual 
Precision

انام , اناس , انس , بشر ,  
خلق , قوم , ورى ، بشر,ساكن 

ناس قوم السكان 
رسول  3/9 = 33% 3/4= 75%

As mentioned previously, the ROUGE tool is used for automatic evaluation. The 
ROUGE precision and recall results of Almaany based evaluation were summarized 
in Figure 9.  Figure 9 reveals that the precision was higher than the recall, this means 
that among the returned set of synonyms for a specific noun, the accuracy was 
significant (the number of correct synonyms to the number of automatically generated 
synonyms was high), but the system did not return the sufficient number of synonyms 
found in the Arabic language (the number of correct synonyms to the number of 
synonyms found in Almaany was low). Also, the majority of the precision values are 
confined between 0.4 and 0.5 (the average is 0.46 see Table 4), whereas the recall 
values fluctuated from 0.05 to 1.0, and the reason for that is the contents of Almaany 
reference set. Almaany reference sets contain one or two synonyms for certain nouns 
and contain more than 30 synonyms for other nouns.

Figure 9. Recall and Precision – Almaany-based Evaluation
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5.2.2.  Google Translate-based Evaluation of the NBDV based on OWS Scheme 

The problem we faced in Almaany-Based Evaluation was the contents of the 
synonyms sets. As described previously, Almaany combines six well-known and 
ancient dictionaries, and most of its vocabularies are not in use in today’s newspapers 
and journals (the source of Kalimat Dataset). For example, in the synonyms list of the 
term “people” ( “ناس”), the synonym   “وَرَى” is not in use in today’s language, and the 
synonym “خَلْق”  is not used in these days to refer to “people” (it refers to anything 
created by God). Therefore, the search for a new source of synonyms that reflects the 
modern Arabic language is necessary.  

Google Translate was the result of this search because it gives a list of modern 
synonyms for any Arabic term being translated. For example, the term used in our 
example above ( “ناس” people) has the following synonyms in Google Translate: ( folk 
population ,ناس people ,قوم انسك  ,  society مجتمع,  family أسرة ). Google Translate uses a 
statistical machine translation approach to translate the Arabic language, and it 
collects the meaning and synonyms from a massive number of Arabic articles found 
on the internet at the time of translation. (Most of these articles are written in modern 
Arabic vocabularies).  

Figure 10 shows the precision and recall curve based on GoogleTranslate 
synonyms set. In Figure 10, the values of the precision and the recall are convergent, 
and the recall is more stable comparing with Almaany based recall because the sets of 
synonyms that were appeared in Google Translate (the base of the comparison) are 
smaller than the synonyms set of Almaany dictionary and roughly contain the modern 
Arabic terms. Also, the size and contents of Google Translate synonyms set positively 
affected the final average precision and average recall. 

Table 4 shows the final recall and precision values that were obtained in this 
experiment. Table 4 shows that the obtained average precision and average recall 
based on GoogleTranslate are higher than their corresponding values based on 
Almaany dictionary and the reason for that is the type of language used in 
GoogleTranslate that uses the same language used in our corpus. Thus, the obtained 
average precision(51%) and average recall (47%) in GoogleTranslate based 
evaluation are more significant than the obtained results in the Almaany based 
evaluation (5% improvement on average precision, 11% improvement on the average 
recall). 

Figure 11 represents the average recall trend 𝐴𝐴(𝑅𝑅|𝑖𝑖). The vertical axis represents 
the 𝐴𝐴(𝑅𝑅|𝑖𝑖)  values and the horizontal axis represents the id of the processed noun. 
Figure 12 represents the average precision trend 𝐴𝐴(𝑃𝑃|𝑖𝑖)  at each run of the VSyn 
program. The vertical axis represents the 𝐴𝐴(𝑃𝑃|𝑖𝑖), and the horizontal axis represents 
the id of the processed noun. Both figures show the stability of the recall and precision 
values. In Almaany based evaluation or GoogleTranslate based evaluation, the recall 
and precision curves converge to their final average values after processing few 
numbers of nouns (roughly after the noun number 40). The fast convergence gives a 
good indication of the accuracy of the generated answer set by the VSyn program. If 
the recall and precision were very low in some cases and very high in other cases 
(large fluctuations) this requires the process of a large number of nouns to see the 
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stability. The indication that can be obtained from the curves that in most cases, the 
precision and recall were close to their average. Also, it is important to note that the 
recall and precision were higher in the GoogleTranslate based evaluation than in 
Almaany based evaluation.

Evaluation Type Weighting 
Scheme

Average 
Recall

Average 
Precision

Almaany Based Evaluation OWS 36% 46%
Google Translate Based Evaluation OWS 47% 51%
Google Translate Based Evaluation Tf.idf 36% 41%
Expert and Speakers Evaluation OWS N/A 57.5%

Table 4.  Average Precision and Average Recall Using Three Evaluation Strategies

Figure 10. ROUGE Recall and Precision - GoogleTranslate-based Evaluation

Figure 11. Average Recall Trends at every Noun Processed
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Figure 12.  Average Precision Trends at every Noun Processed

5.2.3. Relevancy Comparison between OWS and Tf.idf 

This subsection presents the recall and precision evaluation for the NDBV based on 
the tf.idf weighting scheme, and it offers a comparison between these results and the 
results that were obtained in the previous section. The precision and recall results
based on the GoogleTranslate synonyms set are more significant than the precision 
and recall results based on the Almaany. Thus, our comparison in this subsection is 
based on the synonyms set of Google translate as the optimal answer.

Back to Table 4, The NBDV evaluation based on tf-idf achieved 36% average 
recall and 41% average precision. Table 5 shows a sample of the obtained recall and 
precision results by the two scheme experienced in this paper. For the most nouns that 
are mentioned in Table 5, the recall and precision values of the OWS scheme is greater 
than their equivalent values in the tf.idf scheme, and the difference is significant. 

Noun

Recall Precision

OWS
                 

tf.idf OWS
               

tf.idf
Meetingاجتماع 0.4167 0.25 0.7143 0.42857
elebrationاحتفال 0.36364 0.36364 0.57143 0.57143
Assaultاعتداء 0.41667 0.16666 0.71429 0.28571
Openingافتتاح 0.21429 0.21429 0.42857 0.42857
Victoryانتصار 0.5 0.5 0.42857 0.42857

Childrenاولاد 0.42857 0.71429 0.375 0.25
Researchبحث 0.57143 0.57143 0.57143 0.57143
Championship  بطولة 0.23529 0.23529 0.57143 0.57143
Data بيانات 0.66667 0.33333 0.5 0.28571
History تاريخ 0.7500 0.5 0.6000 0.4
Awardجائزة 0.3 0.2 0.42857 0.28571

Table 5. Precision and Recall Values for the Automatically Generated Synonyms for the 
First 10 Nouns (Based on OWS and tf.idf Weighting Schemes)
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To trace the complete behavior of the tf.idf recall and precision results, we redraw 
Figures 11, 12 to reflect a comparison in the trend of the tf.idf recall and precision 
with the OWS recall and precision.  Figure 13 shows the recall trend, and Figure 14
shows the precision trend. From left to right, the trend becomes more stable, and the 
curves converge to their final mean. The two figures show that the OWS relevancy 
measurements overtake the tf.idf relevancy measurements.

Figure 13. the Trend of the Average Recall Based on OWS and Based on tf.idf

Figure 14. the Trend of the Average Precision Based on OWS and Based on tf.id

5.2.4. Evaluating using Arabic language experts

The results of the OWS recall and precision revealed a significant performance of our 
system, but it showed that 64% of the synonyms are not returned in Almaany based 
evaluation. The explanation was that the nature of the base data that were used in the 
evaluation. However, it is necessary to measure the satisfaction of the native speakers 
of the modern Arabic language about the accuracy of the synonyms sets returned by 
the NBDV method. The use of human evaluators has been reported in many research 
publications [7], [8], and [43]. 

Two Arabic language experts and four Arabic language speakers from Prince 
Sattam bin Abdel Aziz University in Saudi Arabia voluntarily evaluated our system. 
The evaluation was conducted in two groups; each group evaluated 82 nouns’ 
synonyms. From their experience, the experts wrote the number of correct synonyms 
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that were generated from our system for every noun. The precision was redefined as 
follow:  

 
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑜𝑜𝑛𝑛 
= the number of automatically generated synonyms that the expert agreed their correctness

total number of automatically generated synonyms of the noun  

 
Group one of nouns containing  81 

noun 
Group two of nouns containing  83 

noun 
Expert name Precision          Expert name Precision 
Adeel(expert) 55% Sadam(expert) 50% 
Firas(speaker) 62% Bassam(speaker) 57% 
Sana(speaker) 60% Nour(speaker) 61% 

Average 59% Average 56% 
Average                                                              57.5% 

Table 6.  the Average Precision for the Manual Evaluation 

Table 6 shows the manual evaluation results. The experts' evaluation showed that 
the precision was significant; ranging from 50% to 62%. The experts' precision proves 
the precision values that were gained from GoogleTranslate -based evaluation. Two 
experts, Sadam and Adeel are Arabic Language specialists who gave 55% and 50% of 
satisfaction. The other evaluators are native Arabic speakers, and their rate of 
satisfaction ranges from 57% to 62%.  

In [8], [43] the manual evaluation yields 76%, 80% average precision, 
respectively. The manual evaluation depends on the assessors’ point of view and the 
assessors’ knowledge. In the manual evaluation accomplished in this research, the 
difference between the experts and the native speakers’ decisions in whether the words 
are related words (hyponym, hypernym, plural) or synonyms affected the final 
precision. For example, for the noun “type نوع” the system returned ”  ,نوع, نمط, طراز
 رمز “ as synonyms, Sana  wrote five as correct synonyms, excluded ” صنف, فرِق, رمز
symbol” whereas Adeel wrote four, and she excluded “رمز symbol” and “فرِق sects”. 
Adeel considered “فرِق sects” as a hyponym of the word “type نوع”. Another difference 
between the speakers’ judgment and the experts’ judgment was the plural, the speakers 
considered the plural as synonyms, for example, that VSyn generated the following 
synonyms for the word “area”: 

 
 منطقه 

Area 

 منطقه 

Area 

 مدينه 

City 

 شباب

youth 

 ولايه 

State 

 ولايات 

States 

 مناطق 

Areas 

 عديد 

numerous 

Nour considered “areas” as synonymous to “area”, whereas, Sadam excluded it. 
Sadam also excluded the word “states”. 
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5.2.5.  Recall and Precision Final Results 

Table 4 depicted that in Almaany based evaluation, the recall was somehow low 
(36%), but the precision was significant (comparing with the precision values 
obtained from the publications in the field as shown in Figure 18). The recall reflects 
the fact that among all the synonyms found for a noun, 36% of them were returned, 
whereas the precision demonstrates the fact that among the returned synonyms by our 
system 46% of them were relevant. Both the Google Translate based evaluation and 
the manual evaluation showed that more than half of the generated elements in the 
answer set are correct synonyms, and the Google Translate based evaluation showed 
that around half of the synonyms found in Google Translate were retrieved by our 
method.   

Regarding the tf.idf recall and precision values, which should be compared with 
the Google translate OWS recall and precision values, Table 4 shows 11% difference 
in the recall and 10% in the precision. This difference is significant, and it proves our 
claim that the accuracy of the synonyms extraction improves by linking the nouns to 
their semantic context. 

5.3. Comparison with State-of-the-art Models 

The performance of the NBDV model should be compared against the performance 
of the state-of-the-art models in the same field, such as the CBOW, SG, and GloVe. 
The evaluation results of these models were mentioned in [10], and to unify the 
experiment conditions, we used the same dataset that was used [10], and we used the 
same word similarity tasks and the same statistical models. The following points 
summaries the aspects we consider to unify the experiment conditions: 

• In [10], the authors performed a series of experiments that include: the word 
analogy task, the words similarity, and the use of GloVe in NER. And, because 
the OWS is a weighting scheme whose effect directly affected the word 
similarity between two nouns in the NBDV model, then we choose the 
comparison of the word similarity to be the base of the comparison between 
our model and the state-of-the-art models.  

• In [10], the results showed that the GloVe model overtook the state-of-the-art 
models, such as the SVD, SVD-S, SVD-L, CBOW, and SG. Therefore, we 
need only to compare the word similarity between our model and the GloVe 
model. 

• In [10] the authors used five datasets of the English language and obtained 
the most significant results on the largest corpora (Common Crawl corpus), 
which contains 42 billion terms, as appeared in table 3 in [10]. Thus, we chose 
this corpus in our comparison experiment. Also, the authors employed five 
word-similarity models, WordSim-353 [49], MC [50], RG [51], SCWS [52], 
and RW [53]. From these models, we chose the recent two tasks, the SCWS, 
and RW. 

The Spearman rank correlation results of the word similarity models over the 
generated similarities from the NBDV and  GloVe appears in Figure 15. The results 
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in the recall and 10% in the precision. This difference is significant, and it proves our 
claim that the accuracy of the synonyms extraction improves by linking the nouns to 
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The performance of the NBDV model should be compared against the performance 
of the state-of-the-art models in the same field, such as the CBOW, SG, and GloVe. 
The evaluation results of these models were mentioned in [10], and to unify the 
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the OWS is a weighting scheme whose effect directly affected the word 
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showed that our model’s Spearman rank correlation was less than the GloVe Model’s 
Spearman rank correlations in SCWS by 0.2 and greater than the GloVe Model’s 
Spearman rank correlations by 0.5 in RW similarity. These results are roughly 
convergent, but the time efficiency improvement of the NBDV is more significant as 
it appears in the next section.

Figure15.  The Spearman Rank Correlation Results of the Word Similarity Models over 
the Generated Similarities from the NBDV and GloVe.

5.4. Time Complexity Analysis

Assuming that the number of nouns in the whole corpus is N, the number of verbs in 
the entire corpus is v, and the number of all terms in the corpus is n. According to the 
NBDV method, to find the synonyms of the noun x, the necessary computational steps 
are listed in Table 7:

The worst-case time complexity in step 8 is  O(N.v.n), this occurs if   y = v and j 
= N,  the meaning of y = v is that all the verbs in the dataset appeared with the noun
x, and the meaning of the  j = N is that all the nouns in the dataset are sharing the set 
of verbs stored in Snv. Actually, these conditions are impossible to happen because in 
real languages we cannot find one verb that comes with all the nouns or all the nouns 
share a specific set of verbs, so we can consider y, j as constant, which means that the 
total complexity of the NBDV method will be O(j.y.n) + O(j.n) ⇒ O(n). Figure 16
supports our claim regarding the y possible value, the number of shared verbs 
processed by the OWS in every run of the NBDV system was counted, and the 
maximum obtained value of  y is 829, the average value of  y is 186 verb,  and in 63% 
of the runs, the value of  y was less than 200. Regarding j, the maximum value of j 
recorded in our experiment was 521. Figure 17 shows that in 72% of the NBDV runs, 
the number of processed nouns is less than 100, and a very small ratio of runs 
processed a high number of nouns (10% of runs processed more than 200 nouns).
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In the NBDV method that hires the traditional tf-idf weighting scheme, the worst 
case is allows occurred, which means that step number eight will always need 
O(N.v.n). Also, the worst case in the Synonyms Detection phase will always be O(j.n). 
In addition, in the tf.idf version of the NBDV model, the values of n and v are 
significant, and we can not ignore them ( the ratio of v in Kalimat is 30%, and the 
ratio on n is 56%). 

 

The NBDV operation Expected 
time  

Description 

OWS 
phase 

1) Extracting the set of verbs Snv 
adjacent to the noun n, assume that the 
number of extracted verbs is y 

O(n) Scanning all the 
corpus elements 
with n number of 
terms. 2) Computing each parameter 

mentioned in equations 2,4, and 5 O(n) 

3) Computing the OWS weight O(1)  

4) Constrcting of the 𝒙⃗⃗𝒙 , Repeat step 2 
and 4 for each verb ∈ Snv O(y.n) 

In the worst-case 
O(v.n) 
If v = y. 

5) Computing the orbit range (orbit 
in equation 8) 
 

O(1) 
 

6) Dividing the 𝒙⃗⃗𝒙  vector components 
in sets according to the value of orbit and 
create the s1,s2,s3,s4 

O(y) 
 

7) Take s1, s2, s3 and extract all the 
distinctive nouns xi adjacent to verbs 
appeared in s1, s2, s3. Assume the number 
of extracted nouns is j 

O(y.n) 

In the worst-case 
O(v.n) 
If   v = y. 

8) Repeating steps 2,3, and 4 for each 
noun extracted in 7, computing 𝒙𝒙𝒊𝒊⃗⃗  ⃗ O(j.y.n) 

In the worst case 
O(N.v.n) 
If   y = v and j = N 

Total OWS Complexity O(j.y.n) 
The max values of 
the complexity 
from step 1 - 8 

Synony
ms 
Detecti
on 

9) Computing sim (𝒙⃗⃗𝒙 , 𝒙𝒙𝒊𝒊⃗⃗  ⃗), equation 8 O(j)  

10) Extracting the synonyms, if sim 
(𝒙⃗⃗𝒙 , 𝒙𝒙𝒊𝒊⃗⃗  ⃗) > 0.18 O(j.n) 

In the worst case 
O(N.n) 
If   j = N. 

Table 7.  Time Complexity Analysis of the NBDV model 

Table 7 and Figure 16, 17 depicted the time analysis of the NBDV method and 
showed the achieved efficiency improvement.  To be more accurate, the average 
number of verbs processed was 186 verbs for each noun, and the maximum number 
of verbs processed was 839 for the noun “عمل work”. Thus, in our method, the 
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showed the achieved efficiency improvement.  To be more accurate, the average 
number of verbs processed was 186 verbs for each noun, and the maximum number 
of verbs processed was 839 for the noun “عمل work”. Thus, in our method, the 
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determination of the semantic relations between a specific noun and the other nouns 
found in the corpus is performed by processing (weighting) 186 verbs appeared with 
that noun. Comparing with the tf.idf [17], the improvement in the time consuming 
came in the terms weighting step and in the similarity computations between the 
nouns.

Figure16. The Ratio of Processed verbs in every Run of 564 Runs

Figure 17. The Ratio of Processed Nouns in every Run of 564 Runs

5.5. Relevancy Comparison with Other Publications in the Field

In the previous section, the time complexity analysis of the NBDV methods showed 
that the method needs O(n) to extract the synonyms of a specific noun. However, an 
accuracy comparison of our method with other publications in the field is necessary 
to show that we have not enhanced the efficiency at the expense of precision. Figure 
18 presents a comparison between the results mentioned in Figures 9, 10, 11, 12, and 
Table 4, with other research in this field. In [9], [7], [38], and [6] the precision 
calculations are presented in a clear manner. The authors of these references 
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experienced different approaches of synonyms extraction (Henriksson used enhanced 
distributional hypothesis model, Leeuwenberga used Statistical approaches with 
relative cosine similarity, Lonneke used machine translation approach, Lobanova used 
learning approach, and Minkov used graph-based approach)

Figure 18. Precision Comparison with Existing Synonyms Extraction Systems

Figure 18 reveals that the precision of the NBDV was significant compared with 
other statistical methods used for synonyms extraction. The VSyn system obtained 
51% average precision in the dictionary-based evaluation in which the automatic 
synonyms were matched against the synonyms taken from online dictionaries. This 
precision value was less than the precision obtained by Minkov and Cohen [6] by 8% 
and greater than the precision of the other systems.  Minkov and Cohen [6] used a 
path constrained graph, and the problem with this graph is the time required to 
construct the graph and the space needed to store the graph. The graph stores each 
term in the corpus with all existing edges that link this term to the other terms found 
in the corpus, add to this the time needed to follow all the paths that lead to the terms. 
So, the improvement in the time obtained in the NBDV method is much more 
important than the 8% loss of accuracy, especially that the precision of the NBDV
method was more than 50%.

6. Discussion

6.1. Factors Affected the Precision

The evaluation of the NBDV model based on the OWS weighting scheme shows 
significant efficiency and accuracy improvement. And, we have strong thought that 
the relevancy results should be more significant, but some factors affected the 
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extraction process and caused a kind of degradation in the relevancy values. These 
factors are summarised in three factors:  

The first factor was the existence of a set of nouns that are not synonyms 
(sometimes antonyms) and shared a set of distinctive verbs. For example, the direction 
names (north, south, east, and west), the month names, and the currency names. To 
see the effect of such kind of nouns, consider the generated synonyms set for the noun 
“ جنوب  South”, the VSyn system produced the following candidate synonyms: 

 
 جنوب
south 

 شمال
north … … … 

 شماليه
north … … … 

 شرق
east 

 
The nouns in the sample above represent the four directions names, and they are 

not synonymous to each other, but the question is why the system returned them. To 
answer this question, we returned to our results and scanned the verbs appeared with 
the noun south, see the following samples from our corpus: 

 
 The wind blows to the north تهب الرياح شمالا 

  Cleave its road to the north شق طريقة الى الشمال
  Extend from the north of the planet يمتد  من شمال الكوكب

  located in the north of China تقع شمال الصين 
  about 77 km to the north يبعد  نحو 77 كيلو متر الى الشمال  

 Appear in the North of the global يبدو  في شمال الكرة الارضية
  heading to the north تتجه نحو الشمال 

  appeared in the north تظهر شمال
  Which was stationed north التي كانت تتمكز شمالا

  the first north convoy starts to enter تبدأ  قافلة الشمال الاول بدخول 
 
The replacement of the word north with south, east, or west in these sentences is 

acceptable, and lexically the sentences remain correct. This means that the verbs 
(underlined above) are common for these nouns (north, south, east, west) and they 
have a convergent effect on the weighting computation.  Therefore, the NBDV method 
considered north, south, east, and west as synonyms. The verb “تتجه head” appeared 
with these four nouns and got significant weights. The weight of this verb with respect 
to the north was 0.32, and with respect to the south was 0.283, and with respect to the 
east was 0.2942, and with respect to the west was 0.2678. These weights and the 
weights of other common verbs produced high similarity between the nouns north, 
south, east, and west.  

The second factor that degraded the precision in the case of the dictionary-based 
evaluation was the synonyms set of the base dictionary; in some cases, it was empty.  
See Table 8: 

 

Id Noun Almaany Set of 
synonyms 

The Automatically generated 
synonyms 

N6 دينار Not Mentioned يورو,سنه,طريق,وان,ريال,طاقه,,دينار, 

N17  شركه Not Mentioned  ,شركه, شركات, وزاره, منظمه, مؤسسه, عام
 مشاركه 
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N204  بيانات Not Mentioned   ,بيانات, معلومات, نتائج, طلاب, كافه, نسبه
 مصادر 

Table 8.  Sample of the Nouns that have Empty Synonyms Set in Almaany-based Evaluation 

The nouns “  دينار Dinar ”, ”بيانات data”, ”شركة corporation” did not have synonyms 
in Almaany dictionary. In such a case, the precision computation is not possible 
because no base set of synonyms is found, so we neglected them during the precision 
computation. The negligence in such cases distorts the results (appeared in Figure 9 
and 10) because the precision for the same nouns in the manual evaluation that was 
accomplished by the Arabic language experts showed reasonable values. See Table 9: 

 

ID 
The Automatically 

generated 
synonyms 

Adeel 
Evaluation 
precision 

Firas 
Evaluation 
precision 

Saddam 
Evaluation 
precision 

N6 يورو,سنه,طريق,وا ,,دينار
 ,ن,ريال,طاقه

43% 43% 43% 

N17 
شركه, شركات, وزاره,  
منظمه, مؤسسه, عام, 

 مشاركه 
57% 86% 71% 

N204   ,بيانات, معلومات, نتائج
 طلاب, كافه, نسبه, مصادر 

57% 71% 57% 

Table 9.   Precision Evaluation of the Nouns Appeared in Table 8 

The third factor that also affected our precision value was the mistakes found in 
the part of speech tagging produced in the Kalimat dataset, for example, the candidate 
synonyms set produced by our systems for the noun   "constitution الدستور " contains 
the following: {   مشروع, ثلاثه     , كلمه   , ايضا   , دستور   , قانون   , قرار   }, the word  "ايضا" is a 
Stopword means “also” or “as well”. The mistake in this case directly affected the 
precision because it happened in the synonyms set. Also, some tagging mistakes 
affected the weighting phase of our system, for example, the verbs list of the noun 
 .”smoke دخان“ contains the noun "حروب"

6.2. NBDV Advantages and Disadvantages 

The NBDV method of synonyms extraction has the following merits: 
• The semantic investigation of the text contents: the NBDV synonyms 

extraction method used the distinctive verbs to find the semantic relations that 
link the nouns with their semantic context. The OWS draws an orbiting space 
in which the verbs are spin in orbits around the noun located in the center of 
this orbiting space. The verbs that have strong semantic relation to the center 
will be placed in the inner orbits, and the first three orbits will be the most 
important orbits to determine the nouns' semantic context.  

• The efficiency constraints are considered in the NBDV method. Note that 
the design of the NBDV involved the use of a new weighting scheme (OWS) 
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that substituted the traditional tf-idf weighting scheme used in the CBoW and 
SG models [7], [17], [18]. The tf-idf weighting scheme in ASE is time-
consuming and takes O(N.v.n) as we see in the evaluation section, and the 
OWS scheme processes the weighing phase in linear time (see Figures 16, 17, 
and Table 7). 

However, the NBDV have the following limitations: 
• NBDV does not solve the synonyms of verbs and adjectives. In the design 

of the NBDV for synonyms extraction, we used the verbs to find the 
synonyms of the nouns, but at this stage, we can not pretend that if a reverse 
process can help to identify the verbs’ synonyms, and we will transfer this 
question to future research. 

• The NBDV model under the Algorithm 1 design cannot process the word 
orders that end with the verbs (OSV, SOV). The OWS scheme, upon which 
the NBDV method is built, assumes that the verbs precede the nouns (Subject, 
Object). This drawback prohibited the use of the NBDV in certain languages 
such as Hindi, Japanese, and Korean. However, simple modifications in the 
design of Algorithm 1 will cover this problem. For example, building a co-
occurrence matrix of the corpus and processing the verbs that precede or 
follow the noun. 

• The low obtained recall for the ancient nouns of the Arabic language. The 
ancient nouns are important because they are found in AL Quran Al Kareem, 
which is the source of the Islamic religion. The system developed based on 
the NBDV method succeeded to return only 36% of the synonyms found in 
the Almaany dictionaries, and this reflects the gap between the shallow 
vocabulary set used in the Arabic language media and the rich vocabulary set 
found in the Arabic language literature. 

7. Conclusion and Future Perspective 

7.1. Achievements 

In this research, an automatic synonyms extraction method is proposed, designed, and 
implemented. The method uses an unsupervised learning strategy to extract nouns 
synonyms. The method substituted the traditional tf-idf weighting scheme with an 
efficient weighting scheme that weights the terms based on their semantic relation 
with the noun being processed. The targeted contribution of this research is to improve 
the efficiency of the extraction process and at the same time, obtaining significant 
precision.  This contribution is achieved improving by the following achievements,  

Robust weighing scheme:  the evaluation of the OWS precision and recall 
showed that the OWS overtakes the traditional tf.idf weighing scheme. The OWS 
recall was greater than the tf.idf recall by 11%, and the OWS precision was greater 
than the tf.idf precision by 10%. 

Efficiency improvements: the average number of terms needed to be processed 
for each run was 186 (instead of the processing of the whole terms found in the 
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corpus). This average number is supported by a time complexity analysis that showed 
that the processing of each run of the NBDV method is accomplished in linear time. 
This point shows that the semantic context linking was significant and increased the 
extraction accuracy.  

Significant precision: the average precision, which was evaluated based on well-
known online dictionaries for the Arabic language, was significant (51%), and human 
experts who showed that 57.5 of the answer set contents are correct proved this 
precision.  

The drawback that emerged during the evaluation was the low recall obtained 
when we used the Almaany dictionary as the base of evaluation. The NBDV method 
succeeded to return only 36% of the synonyms found in the Almaany dictionaries, and 
this reflects the gap between the shallow vocabulary set used in the Arabic language 
media and the rich vocabulary set found in the Arabic language literature.  

7.2. Future perspective 

The modification and enhancement of the OWS to find the verbs synonyms are 
necessary, our plans involve the exploiting of the OWS semantic context to investigate 
the verb synonyms. Also, measuring the effect of the OWS schemes in other text 
mining applications such as the named entity recognition, pattern recognition, and 
information retrieval is important to generalize this scheme. And,  If the obtained 
results resemble the results achieved in the synonyms extraction field, then the OWS 
can replace the traditional tf-idf weighting scheme in the text mining applications 
which will improve the efficiency of such applications. 
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Abstract 
Enterprise Architecture (EA) is well-researched and well-developed concept, and even 
a two decades ago there were a plenty of frameworks in this field. However, the 
functional integration of EA at operational and tactical levels in organisations is 
identified as one of the biggest challenges faced by many Enterprise Architects today. 
To overcome this challenge, a comprehensive literature review on EA is conducted, 
which resulted with the identification of the knowledge gap. To overcome this gap, 
Enterprise Architecture Fusion Process (EAFP), a novel practical approach that 
demonstrates the capability of integrating EA activities into operational and tactical 
activities in respective organisation is developed, validated, and presented in this paper. 
Keywords: enterprise architecture, architecture fusion, demand management process 

1. Introduction  
Enterprise Architecture (EA) is the well-established concept, which is covered by a 
plenty of publications and frameworks trying to define, organize, and standardize this 
field. However, as identified in Chapter 2., one of the biggest challenges faced by 
many Enterprise Architects today is the functional integration of EA at operational 
and tactical levels in organisations. Despite the fact that the most of the frameworks 
analysed in this paper, which are as well identified as the most used and most accepted 
by industry professionals and academia, do the job they are intended to, none of them 
covers the aspects on how to functionally integrate and fuse EA activities with existing 
processes of the respective organisation. This, and the fact that he faced the same 
challenges during his work as Domain and Enterprise Architect, motivated the author 
of this paper to develop appropriate approach that fills the identified knowledge gap 
and extends existing practical knowledge in the field of EA. 

This paper introduces Enterprise Architecture Fusion Process (EAFP), a novel 
practical approach that demonstrates the capability of integrating EA aspects into 
existing operational and tactical activities in respective organisations. The aim of 
EAFP itself, however, is not to be yet another EA framework, but rather practical 
extension to the existing EA frameworks. It is intended to serve as a guide and as an 
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example for organisations that want to incorporate appropriate EA activities into their 
existing processes, meaning, EAFP is rather descriptive than prescriptive.  

The overall structure of the paper is as follows. This chapter introduces the paper 
and aims of the paper. The second chapter describes Enterprise Architecture and the 
most common concepts and frameworks in this field, identifies the knowledge gap, 
and provides motivation for the development of Enterprise Architecture Fusion 
Process, covering the challenges that need to be addressed. Third chapter describes 
the process of EAFP development, explaining the activities and methods used in the 
scope of research approach that was used to develop EAFP. The same chapter 
provides information about evaluation method and primary mean used to assess the 
success of EAFP. The proposed final version of EAFP is described in chapter number 
four, where every process and subprocess is explained in detail, covering various 
aspects for each of them, such as inputs, outputs, people, and tools or equipment. 
Chapter number five provides conclusion and information about potential future work. 

2. Related work 
The first thoughts about the concept we today refer as Enterprise Architecture date 
back to the 60s [1], [2]. In the same time, there is a multitude of publications that 
define and describe this concept from various perspectives [3], [4], [5], [6], [7], [8], 
[9]. However, there is still no single definition of the Enterprise Architecture concept 
that could be considered as the overall consensus [10]. The aim of this paper is not to 
provide a comprehensive explanation or a new, updated definition of EA; however, 
for the better understanding of this paper, Enterprise Architecture is defined as a 
discipline that: i) defines, organises, standardizes, and documents the whole 
infrastructure and all important elements of the respective organisation, covering 
relevant domains such as business, digital, physical, or organisational; and ii) the 
relations and interactions between elements that belong to those domains, such as 
processes, functions, applications, events, data, or technologies.  

Enterprise Architecture is well researched and well-developed concept, and even 
a two decades ago there were a plenty of frameworks in this field [11]. Today, there 
are even more frameworks, however, only few of them, such as The Open Group 
Architectural Framework (TOGAF) [3] and The Zachman Framework [7], got 
massive and markable attention from the industry and academia. Other frameworks 
such as Department of Defense Architecture Framework (DoDAF) [12] and Federal 
Enterprise Architecture Framework (FEAF) [13] found their home within the 
organisations and the industries they are intended for, however, without any evidence 
of being applied massively by other industries or fields. According to the several 
sources TOGAF is the most common EA Framework used by the organisations today 
[4], [14], [15]. 

Despite the fact that the most of analysed frameworks do the job they are intended 
to, and even some of them, such as TOGAF and its Architecture Development Method 
(ADM) go deep enough in providing coherent instructions how to develop and how 
to live Enterprise Architecture, none of mentioned frameworks provides solution or 
specific instructions on how to functionally integrate and fuse EA activities with 
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example for organisations that want to incorporate appropriate EA activities into their 
existing processes, meaning, EAFP is rather descriptive than prescriptive.  

The overall structure of the paper is as follows. This chapter introduces the paper 
and aims of the paper. The second chapter describes Enterprise Architecture and the 
most common concepts and frameworks in this field, identifies the knowledge gap, 
and provides motivation for the development of Enterprise Architecture Fusion 
Process, covering the challenges that need to be addressed. Third chapter describes 
the process of EAFP development, explaining the activities and methods used in the 
scope of research approach that was used to develop EAFP. The same chapter 
provides information about evaluation method and primary mean used to assess the 
success of EAFP. The proposed final version of EAFP is described in chapter number 
four, where every process and subprocess is explained in detail, covering various 
aspects for each of them, such as inputs, outputs, people, and tools or equipment. 
Chapter number five provides conclusion and information about potential future work. 

2. Related work 
The first thoughts about the concept we today refer as Enterprise Architecture date 
back to the 60s [1], [2]. In the same time, there is a multitude of publications that 
define and describe this concept from various perspectives [3], [4], [5], [6], [7], [8], 
[9]. However, there is still no single definition of the Enterprise Architecture concept 
that could be considered as the overall consensus [10]. The aim of this paper is not to 
provide a comprehensive explanation or a new, updated definition of EA; however, 
for the better understanding of this paper, Enterprise Architecture is defined as a 
discipline that: i) defines, organises, standardizes, and documents the whole 
infrastructure and all important elements of the respective organisation, covering 
relevant domains such as business, digital, physical, or organisational; and ii) the 
relations and interactions between elements that belong to those domains, such as 
processes, functions, applications, events, data, or technologies.  

Enterprise Architecture is well researched and well-developed concept, and even 
a two decades ago there were a plenty of frameworks in this field [11]. Today, there 
are even more frameworks, however, only few of them, such as The Open Group 
Architectural Framework (TOGAF) [3] and The Zachman Framework [7], got 
massive and markable attention from the industry and academia. Other frameworks 
such as Department of Defense Architecture Framework (DoDAF) [12] and Federal 
Enterprise Architecture Framework (FEAF) [13] found their home within the 
organisations and the industries they are intended for, however, without any evidence 
of being applied massively by other industries or fields. According to the several 
sources TOGAF is the most common EA Framework used by the organisations today 
[4], [14], [15]. 

Despite the fact that the most of analysed frameworks do the job they are intended 
to, and even some of them, such as TOGAF and its Architecture Development Method 
(ADM) go deep enough in providing coherent instructions how to develop and how 
to live Enterprise Architecture, none of mentioned frameworks provides solution or 
specific instructions on how to functionally integrate and fuse EA activities with 
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existing processes of the respective organisation, such as with existing demand 
processes for example. For example, TOGAF ADM describes a method and relevant 
activities for developing and managing the lifecycle of an enterprise architecture [3], 
however, it does not provide any reference what practical steps need to be taken to 
incorporate and fuse such activities into existing operational and tactical activities. 
The phrase “existing operational and tactical activities” refers to the activities that are 
performed in the scope of existing and already established processes in the respective 
organisation. 

Establishing the Enterprise Architecture at operational and tactical levels in 
respective organisations is identified as one of the biggest challenges by many 
Enterprise Architects today [16]. One of the main reasons is the complexity of such 
activity, as it requires consideration of and fusion with all relevant domains and 
elements of the enterprise. For example, identifying and defining relevant elements, 
such as processes or events in the scope of business domain of specific organisation, 
for the sake of including appropriate enterprise architecture activities there, could be 
very challenging, complex and time-consuming activity [9]. Especially in the larger 
organisations that have complex organisational and functional structure, and in the 
same time legacy-based digital infrastructure. During his work as Domain and 
Enterprise Architect in two large companies in Austria, the author of this paper faced 
the same challenges as well. After analysing relevant set of literature concerned with 
the concept of EA and its establishment [3], [7], [9], [12], [13], [17], [18], [19], [20] 
and despite the fact that some provide a great overview of EA use scenarios [9], it was 
identified that none of them delivers applicable approach or suitable methodology to 
support integration of tactical and operational EA activities in respective organisation. 
This motivated the author of the paper to develop EAFP, a new, fully applicable, and 
comprehensive approach for integrating EA aspects into operational and tactical 
activities of the respective organisation. 

3. Research Approach  
A pragmatic approach to research, based on well-established design science research 
(DSR) approach [21], was used to develop Enterprise Architecture Fusion Process 
(EAFP), meaning, a combination of different procedures, techniques, and methods 
was used to define, develop, and evaluate the concept. 

3.1. Problem Identification and Motivation for further Work 

The first phase of DSR included identification of the problem and motivation for 
the further work. As soon as the challenged was faced in real-world environment, a 
literature review, as essential method to identify what has been already written on a 
subject and to determine the extent to which a specific subject has been researched 
[22] was used as a starting research methodology to address the initially identified 
challenge. In this case subject was Enterprise Architecture and practical fusion of its 
activities and methods with existing organisational processes. In that context, a 
background research was conducted on existing related work concerned with the 
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concept of EA and its establishment. It was identified that analysed literature describes 
and explains EA, its scope, development methods, lifecycle activities and 
stakeholders, and most of the other relevant aspects quite well. However, the 
functional references on how to integrate and fuse EA activities and processes with 
existing operational and tactical activities and processes were not identified. Thus, the 
literature review confirmed the previously identified knowledge gap that needed to be 
bridged.  

3.2. Defining Objectives of the Artefact 

Consequently, the problem could be clearly defined and next phase of DSR could be 
started – namely, definition of the objectives of the artefact. As the problem 
originated from the real-world challenge where a specific solution was needed, it was 
easy to define the objective to be achieved, which actually reflected requirements of 
the solution that was needed. Thus, the next phase of the DSR, design and 
development of the artefact could be conducted. 

3.3. Design and Development of the EAFP 

To bridge the identified gap and to develop needed artefact, the empirical process 
design and process development methods were used, settled into environment 
identified as appropriate. 
 

 
Figure 1. Initial draft of the first part of EAFP process 

The first step was to identify appropriate organisational context or a discipline in 
which a respective fusion process would be developed and tested. Hanschke [9] 
identifies Demand Management (DM) as one of the appropriate fields to integrate 
Enterprise Architecture into. DM is a discipline that manages strategical themes and 
translates them into concretized tactical and operational artefacts. It is identified as 
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one of the most important techniques to maximize benefits for the utilities and clients, 
both internal and external [23]. It is a planning methodology that is used to manage, 
plan and forecast various types of enterprise elements, such as products and services 
from different types of domains, such as business or information technology [24].  In 
that context, Demand Management was identified as well-suitable candidate for EAFP 
to be demonstrated on. 

 

 
Figure 2. Extended version of the initial EAFP draft 

The second step in design and development phase included identification of 
activities and aspects relevant in the scope of Demand Management Process (DMP) 
and their relation to the potential activities performed in the scope of EA. As ITIL is 
the most widely accepted approach to IT management and the most popular 
framework that exists today to deliver services [25], [26], its concept of DM, where 
DMP should be triggered through relevant Input was used as a starting point for the 
EAFP as well. This base is further extended with the practical aspects of IT Demand 
Management identified in three Austrian companies – two regional and one 
international. In this case, in addition to the Input, other activities relevant for 
stakeholder collaboration to identify the requirements of wanted solution are added 
to the initial draft of the first part of EAFP process (Figure 1).  

Additional parallel activity to the second step in design and development phase 
included identification of appropriate architectural domains that might be considered 
in the scope of initial EAFP. This is done by analysing four EA frameworks, which 
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are the most accepted today: TOGAF [3], The Zachman Framework [7], [18], DoDAF 
[12], and FEAF [13]. Five EA domains are identified as potentially appropriate for 
the purpose of initial EAFP: Business Architecture, Application Architecture, Data 
Architecture, Technology Architecture, and Physical Architecture. These domains are 
then placed into conventional gap analysis scenario. This scenario includes activities 
to capture existing and planned architectures with the purpose to identify artefacts 
needed to move from baseline to wanted architecture. Initial draft of the first part of 
EAFP is then extended with those activities resulting with the extended version of the 
initial draft (Figure 2).  

Appropriate EAFP activities, which follow after the process of Gap Analysis from 
Figure 2, were identified on the basis on authors' industrial experience (Figure 3). 
Those activities included two events (E1. New Solution and E2. Extending Existing 
Solution), two main processes (7. Finalizing Solution Concept and 8. Solution 
Selection), and four subprocesses (8.1. Market Research, 8.2. Rough Selection, 8.3. 
Fine Selection, and 8.4. Final Selection). Despite the fact, it was defined as the last 
step in Figure 3, Implementation was not considered as a part of EAFP, but rather as 
external activity that followed after the EAFP process is executed.  

 

 
Figure 3. Activities that follow after Gap Analysis 

For the purpose of evaluation, the first version of the complete EAFP, which was 
combination of Figure 2 and Figure 3, was then presented to the 23 IT experts (seven 
Domain Architects, 10 Solution Architects, and six Heads of IT Teams). A form of 
individual semi-structured interview was used, meaning the draft was presented and 
explained to the IT experts, followed by open-ended questions by interviewer that 
allowed unformalized discussions. EAFP is than modified according to the 
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suggestions and inputs from IT experts interviewed. The process that triggers EAFP 
is renamed from Input to Solution Requirement Created to better reflect DMP. All 
four solution selection subprocesses (Figure 3, processes 8.1. Market Research, 8.2. 
Rough Selection, 8.3. Fine Selection, and 8.4. Final Selection) are extended with 
additional subprocesses to reflect different activities that might be the part of those 
subprocesses (Figure 4). As seen from Figure 4 as well, a few additional events, 
identified as appropriate in regard to the new, extended version of the Final Selection 
subprocess, are also added to the first version of EAFP. This also led to the 
identification of one additional process – 9. Fulfilling Conditions, which might be 
relevant in the case of the event E4. Approved under Conditions. The external process, 
names as Implementation in Figure 3, was renamed to more specific Implementation 
Planning and Governance process.   

 
Figure 4. Extended version of the Solution Selection Process including new events 
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The last step covering design of complete and final version of EAFP included 
separation of the internal and external EAFP processes, which resulted with the final 
version of EAFP described in the next chapter and presented in the Figure 5.  

The fourth phase of DSR included demonstration of the artefact. A hypothesis of 
functional concept was tested by applying previously created situation in the real-
world environment, to check its efficiency. Meaning, the final version of the approach 
was demonstrated and validated through the real-world implementation in one 
Austrian regional company, where the full version of the EAFP was integrated into 
existing IT demand process of the respective organisation.  

Fifth phase of DSR covered the evaluation of the artefact, where end user 
satisfaction, conventionally recognized as critical measure of success of Information 
Systems (IS) concepts [27], was used a as primary mean for assessment. A simple 
concept to measure the affective attitude of the end users, which were different 
stakeholders relevant for EA activities in the scope DM (12 Business Key Users and 
six Solution Designers/Architects) is used. The stakeholders that experienced EAFP 
during the demonstration period and which also had experience with previous IT DM 
environment that did not include EAFP, had a possibility to decide which of those two 
environment is more preferable for them. 15 stakeholders (10 Business Key User and 
5 Solution Designers/Architects) stated that the IT DM process that includes EAFP is 
more preferable for them, as it’s more transparent. Two stakeholders (both Business 
Key Users) had no preferences, while one stakeholder belonging to the category of 
Solution Designers/Architects stated that the environment without EAFP is preferred, 
as the EAFP itself requires additional human resources to be executed.  

The presentation of the evaluation results to the six decision-making stakeholders 
during the fifth DSR phase, actually reflected the requirements of the last DSR phase 
- namely communication of the results.  

As the all (six) decision-making stakeholders, to which the results of the 
evaluation were communicated in the scope of the last DSR phase, proposed to 
continue using EAFP in the scope of IT Demand Management in real-world 
environment, it can be concluded that EAFP demonstrated added value and usefulness 
for the respective organisation.  

The next chapter presents EAFP and describes its components.  

4. Enterprise Architecture Fusion Process 
Enterprise Architecture Fusion Process (Figure 5) is a novel practical approach to 
integrate Enterprise Architecture aspects into operational and tactical activities in 
respective organisation; however, this paper focuses on EAFP in the scope of Demand 
Management Process. 

Despite the fact that this paper focuses on EAFP which is demonstrated in the 
scope of DMP, it can be used as a basis framework for any other similar processes 
triggered through some kind of a input requirement, such as Innovation Management, 
Business Capability Management, Change Management, Project Development, 
Release Management, or Business Transformation. It could be also scaled and used 
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The last step covering design of complete and final version of EAFP included 
separation of the internal and external EAFP processes, which resulted with the final 
version of EAFP described in the next chapter and presented in the Figure 5.  

The fourth phase of DSR included demonstration of the artefact. A hypothesis of 
functional concept was tested by applying previously created situation in the real-
world environment, to check its efficiency. Meaning, the final version of the approach 
was demonstrated and validated through the real-world implementation in one 
Austrian regional company, where the full version of the EAFP was integrated into 
existing IT demand process of the respective organisation.  

Fifth phase of DSR covered the evaluation of the artefact, where end user 
satisfaction, conventionally recognized as critical measure of success of Information 
Systems (IS) concepts [27], was used a as primary mean for assessment. A simple 
concept to measure the affective attitude of the end users, which were different 
stakeholders relevant for EA activities in the scope DM (12 Business Key Users and 
six Solution Designers/Architects) is used. The stakeholders that experienced EAFP 
during the demonstration period and which also had experience with previous IT DM 
environment that did not include EAFP, had a possibility to decide which of those two 
environment is more preferable for them. 15 stakeholders (10 Business Key User and 
5 Solution Designers/Architects) stated that the IT DM process that includes EAFP is 
more preferable for them, as it’s more transparent. Two stakeholders (both Business 
Key Users) had no preferences, while one stakeholder belonging to the category of 
Solution Designers/Architects stated that the environment without EAFP is preferred, 
as the EAFP itself requires additional human resources to be executed.  

The presentation of the evaluation results to the six decision-making stakeholders 
during the fifth DSR phase, actually reflected the requirements of the last DSR phase 
- namely communication of the results.  

As the all (six) decision-making stakeholders, to which the results of the 
evaluation were communicated in the scope of the last DSR phase, proposed to 
continue using EAFP in the scope of IT Demand Management in real-world 
environment, it can be concluded that EAFP demonstrated added value and usefulness 
for the respective organisation.  

The next chapter presents EAFP and describes its components.  

4. Enterprise Architecture Fusion Process 
Enterprise Architecture Fusion Process (Figure 5) is a novel practical approach to 
integrate Enterprise Architecture aspects into operational and tactical activities in 
respective organisation; however, this paper focuses on EAFP in the scope of Demand 
Management Process. 

Despite the fact that this paper focuses on EAFP which is demonstrated in the 
scope of DMP, it can be used as a basis framework for any other similar processes 
triggered through some kind of a input requirement, such as Innovation Management, 
Business Capability Management, Change Management, Project Development, 
Release Management, or Business Transformation. It could be also scaled and used 
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only in the scope of specific architecture domain, such as Data Architecture, 
Technology Architecture, or Business Architecture.  

 

 
Figure 5. EAFP: Enterprise Architecture Fusion Process 
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As seen in the final version of EAFP, the process is triggered by creating a new 

solution requirement - in demonstrated case in the scope of Demand Management 
Process. It has total of ten lead processes, such as 1. Key Stakeholder Identification or 
8. Solution Selection Process - meaning they have subprocesses by themselves, or 
they have significant differences in regard to other lead processes, or both. Some of 
the lead processes are composed of several subprocesses, referred as second-level 
processes in this paper, such as 4.1. Business Architecture Current State or 8.1. Market 
Research. Additionally, some of the second-level processes are as well composed of 
several other subprocesses, referred as third-level processes in this paper, such as 
8.1.2. Market Analysis or 8.3.1. Proof-of-Concept. In addition to the processes, EAFP 
is composed of six potential events as well, such as E1. New Solution or E3. Approved. 

EAFP is the off-the-shelf framework for architecture fusion processes. For 
example, Enterprise Architects could identify existing organisational processes where 
EAFP should be included and select the processes of EAFP they find useful and 
practical to be integrated there – building their own version of the EAFP. This 
especially relates to the second-level processes that composite the lead processes 
numbered three, four, five and eight. For comprehensive architecture fusion process, 
EAFP recommends to use as much processes as possible from those presented here; 
however, it does not impose the required minimum of the processes that must be used.  
Depending on the path of the EAFP cycle determined in the lead process number 
seven, the maximum of processes which could be executed in the scope of one EAFP 
cycle is 30 - with addition of three events.  

4.1. Identification of Key Stakeholders 

As seen in the Figure 5, the lead process 1. Key Stakeholders Identification is the 
very first step done in the scope of EAFP. This step should be conducted as soon as 
there is a formal requirement for a new solution. Freeman [28] defines the 
stakeholders as any group or individual who can affect or is affected by the respective 
concept. However, in the context of EAFP we are concerned with identification of 
Key Stakeholders only, which are individuals often acting as Business Relationship 
Managers (BRMs) or department Key Users (KUs). Similar to the definition of 
Primary Stakeholders from Sandhu & Weistroffer [29], KUs can be defined as 
individuals, which in the scope of concerned requirement, have authority & power to 
speak in the name of organisational unit they represent, and responsibility to clarify 
and interpret business vision of required solution.  

There are many ways, methodologies and techniques to identify appropriate 
stakeholders. Trentim [30] defines this process as part science and part art - meaning 
we are allowed to be very creative for the sake of identifying most appropriate and 
most relevant persons. However, the care must be taken, as the outcome of such 
process has serious relevance for the overall acceptance of the new solution - and 
consequently for the successful execution of the whole EAFP as well.  

It is a common for larger organisations to have a lists of identified KUs or BRMs 
for every department, which could or should be contacted in the case of implementing 
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cycle is 30 - with addition of three events.  

4.1. Identification of Key Stakeholders 

As seen in the Figure 5, the lead process 1. Key Stakeholders Identification is the 
very first step done in the scope of EAFP. This step should be conducted as soon as 
there is a formal requirement for a new solution. Freeman [28] defines the 
stakeholders as any group or individual who can affect or is affected by the respective 
concept. However, in the context of EAFP we are concerned with identification of 
Key Stakeholders only, which are individuals often acting as Business Relationship 
Managers (BRMs) or department Key Users (KUs). Similar to the definition of 
Primary Stakeholders from Sandhu & Weistroffer [29], KUs can be defined as 
individuals, which in the scope of concerned requirement, have authority & power to 
speak in the name of organisational unit they represent, and responsibility to clarify 
and interpret business vision of required solution.  

There are many ways, methodologies and techniques to identify appropriate 
stakeholders. Trentim [30] defines this process as part science and part art - meaning 
we are allowed to be very creative for the sake of identifying most appropriate and 
most relevant persons. However, the care must be taken, as the outcome of such 
process has serious relevance for the overall acceptance of the new solution - and 
consequently for the successful execution of the whole EAFP as well.  

It is a common for larger organisations to have a lists of identified KUs or BRMs 
for every department, which could or should be contacted in the case of implementing 
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or enabling something that has relevance for their organisational units. If however, a 
specific organisation has no such list, the initiative should be started to create one. 
Such list could be used to identify appropriate and relevant stakeholders when starting 
a new EAFP cycle. A simple email to all persons from the list would be sufficient, 
explaining the new requirement and asking to whom, i.e. to which department it might 
be relevant. Persons that answer as interested or relevant should be included into the 
next step of EAFP – namely “2. Initial Coordination Meeting”. 

 

 
Figure 6. Inputs, Outputs, People, and Tools relevant for the Identification of Key Stakeholders 

A leaner and slight-modified set of aspects from Process Audit Turtle Diagram, 
which is often used in ISO 9001 audits [31], such as Inputs, Outputs, People and 
Tools, could be used to provide a good overview of this lead process and to help to 
better understand it. Such set of aspects is visualised in Figure 6 using ArchiMate EA 
modelling language. In EAFP context, Inputs represents the artefacts that trigger or 
that are needed to start the process, and those are: an event when Solution 
Requirement is captured, a Solution Requirement Description itself, and a List of KUs 
or BRMs. However, depending on perspective, the artefacts Solution Requirement 
Description and a List of KUs or BRMs could be considered as the tools as well. 
Output would be the final list of relevant Key Stakeholders that would be actively 
involved in the whole architecture fusion process. Tools that could be used in this step 
of EAFP include, but are not limited to: A system that enables Demand Process, 
Documentation Management System providing a required lists, and a platform that 
enables communication, such as email. The person responsible for execution of this 
part of the EAFP should have the Enterprise Architect role, or be a nominated member 
that belongs to the EA group. As soon as Solution Requirement is formally captured, 
Enterprise Architect should use the other inputs as well to start and to conduct the 
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process of stakeholders identification. This should be done by using the appropriate 
tools, which serve the process. The output is the Agreed List of relevant key 
stakeholders.  

4.2. Initial Coordination Meeting 

The lead process 2. Initial Coordination Meeting is the second step of EAFP. 
Enterprise Architect, or a nominated person should organise the meeting, define the 
agenda and act as moderator of the meeting.  This meeting has the aim to connect the 
group together and to clearly specify the focus. The members of the group are 
Enterprise Architect and the relevant key stakeholders identified as such in the 
previous step of EAFP.  

As we can see from Figure 7, there are two input artefacts that are relevant for this 
step. First of them is the list of relevant stakeholders that should take a part in Initial 
Coordination Meeting anyway. However, in this case we use the list as a basis to 
identify other potentially important key stakeholders, which might be omitted when 
considering only KUs or BRMs lists. Such stakeholders could be Business Architects, 
Domain Architects, Portfolio Managers, external experts, etc.  The final list of relevant 
Stakeholders should be the outcome of a such activity. Solution Requirement 
Description is the other artefact that we use as an input. Its consideration, together 
with other additionally possible ad-hoc inputs, should be the basis for the output 
artefact – namely, a List of required information. Such information could be anything 
that might be relevant or helpful for further clarification and fine tuning of solution 
requirements.  

The potential tools and equipment that could be needed in the scope of initial 
coordination meeting are physical or virtual meeting room, optical display 
technology, such as projector, and communication or collaboration platform, such as 
video conferencing system.  
 

 
Figure 7. Initial Coordination Meeting lead process 
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It is important to stress that this meeting is not a collaboration or a kick-off 
meeting, and is not intended to arbitrate decisions, determine trade-offs, or solve any 
technical problems. The aim is to coordinate not to collaborate.  

4.3. Rounding off and tuning the Business Requirements  

Rounding off and fine tuning the Business Requirements through collaboration 
between key stakeholders, which should be moderated by Enterprise Architect or 
other nominated person from EA group, makes the third step of EAFP. As a third lead 
process, this process is a composition of several second-level processes (Figure 8), 
which outcomes have crucial implications on decision to be made in the further steps 
of the EAFP.  
 

 
Figure 8. Rounding Off and tuning Business Requirements lead process 

In contrast to the previous step, this step requires in-depth discussions to find 
common and clear definitions of business requirements to the solution, which fit well 
with existing enterprise architecture, and are in the same time acceptable by all 
involved stakeholders. According to Mascitelli [32], in collaborative meetings, trade-
offs are made, decisions are arbitered, problems are solved; and this is exactly case 
with this step of EAFP - however only in the scope of business requirements.   

The first step in this lead process is to organise input artefacts to be able to support 
identification of Knock-Out (KO) criteria for desired solution. Inputs to this step can 
be various – basically any information that is relevant for tuning business 
requirements, including but not limited to, Solution Requirement Description, list of 
EA Principles, list of Constraints, relevant Blueprints, and Mindmaps. The second 
step is to identify the  KO Criteria of desired solution, meaning, defining capabilities 
or attributes that desired solution must have, fulfil, or comply with under any 
circumstances, such as business requirements, architecture principles, or legal 
constraints. Third step is the identification of Important Functionalities that desired 
solution should have, but are not eliminatory in their nature. The fourth step is the 
identification of Nice-To-Have Functionalities that are not eliminatory or important, 
but would be nice to have them within desired solution. All these requirements, 
identified in the previous three steps, should lead to creation of the Solution 
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Architecture Vision, represented through the first draft of desired business 
architecture.  

4.4. Analysis of the Baseline Architecture and Definition of the Desired 
Architecture  

Previous three sections (4.1, 4.2, and 4.3) cover each one lead process of EAFP, 
namely 1. Key Stakeholders Identification, 2. Initial Coordination Meeting, and 3. 
Rounding off and tuning the Business Requirements; however, from practical reasons, 
this section (4.4) covers three lead processes together: 4. Baseline Architecture 
Analysis, 5. Desired Architecture Definition, and 6. Gap Analysis. 

To conduct the lead processes 4. Baseline Architecture Analysis and 5. Desired 
Architecture Definition, EAFP recommends the use of following phases from TOGAF 
Architecture Development Cycle (ADM): B. Business Architecture, C. Information 
Systems Architecture, and D. Technology Architecture. Phases B, C, and D could be 
used to record corresponding domains of Baseline Architectures, and to define 
corresponding domains of Desired Architectures. The same phases, B, C, or D, could 
be used to get an idea what could be needed to record Baseline or Desired 
Architectures of any additionally needed domain, such as in the EAFP example 
Physical Architecture.  

The first draft of Desired Business Architecture is used as an input for both lead 
processes. Solution Architecture Vision serves as an orientation to identify and 
capture relevant existing artefacts of Baseline Architecture, and as a guide to define 
artefacts required by Future Architectures. Outputs of the both lead processes should 
be relevant architectures, which are to be used as the Inputs for the next subprocess, 
namely 6. Gap Analysis (Figure 9).  

The aim of the lead process number 6, namely Gap Analysis, is to identify 
differences between Baseline and Future Architectures and is very similar to the Phase 
E of TOGAF Architecture Development Cycle. Baseline and Future Architectures are 
consolidated, refined and compared to identify what artefacts already exists and what 
artefacts need to be implemented to deliver the Future Architecture. If required, the 
implementation chronology should be delivered as an output as well - in addition to 
the list of the artefacts that need to be implemented.  

The identification of the artefacts, needed to deliver desired solution, supports a 
holistic view on the existing situation and provides the basis for decision-making; 
thus, enabling the execution of  the next lead process - 7. Finalizing Solution 
Concept”. In this step, taking into account current situation and all artefacts that need 
to be implemented, a decision is to be made, if there is a need for a new solution or 
extending existing solution would be sufficient.  

If decision is made to extend the existing solution (event E2 in Figure 5), a 
proposal should be prepared to be presented in the front of Enterprise Architecture 
Board (EAB). According to TOGAF, EAB should be representative of all the key 
stakeholders in the enterprise architecture, and will typically comprise a group of 
executives responsible for the review and maintenance of the overall architecture, 
having decision-making capabilities and global, regional, or business line scope.  
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be used to get an idea what could be needed to record Baseline or Desired 
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capture relevant existing artefacts of Baseline Architecture, and as a guide to define 
artefacts required by Future Architectures. Outputs of the both lead processes should 
be relevant architectures, which are to be used as the Inputs for the next subprocess, 
namely 6. Gap Analysis (Figure 9).  

The aim of the lead process number 6, namely Gap Analysis, is to identify 
differences between Baseline and Future Architectures and is very similar to the Phase 
E of TOGAF Architecture Development Cycle. Baseline and Future Architectures are 
consolidated, refined and compared to identify what artefacts already exists and what 
artefacts need to be implemented to deliver the Future Architecture. If required, the 
implementation chronology should be delivered as an output as well - in addition to 
the list of the artefacts that need to be implemented.  

The identification of the artefacts, needed to deliver desired solution, supports a 
holistic view on the existing situation and provides the basis for decision-making; 
thus, enabling the execution of  the next lead process - 7. Finalizing Solution 
Concept”. In this step, taking into account current situation and all artefacts that need 
to be implemented, a decision is to be made, if there is a need for a new solution or 
extending existing solution would be sufficient.  

If decision is made to extend the existing solution (event E2 in Figure 5), a 
proposal should be prepared to be presented in the front of Enterprise Architecture 
Board (EAB). According to TOGAF, EAB should be representative of all the key 
stakeholders in the enterprise architecture, and will typically comprise a group of 
executives responsible for the review and maintenance of the overall architecture, 
having decision-making capabilities and global, regional, or business line scope.  
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If, however, decision is made that there is a need for a new solution, than the lead 
process number eight, namely “Solution Selection”, should be started.  

4.5. Solution Selection  

Solution Selection is the lead process number 8, which is concerned with the selection 
of appropriate solution, that should fulfil the requirements of artefacts identified as 
needed to deliver Desired Business Solution. In my most cases, this process is 
executed to select a new software or a new digital technology that should fulfil the 
business requirements. 
 

 
Figure 9. Baseline/Desired Architecture Analysis and Gap Analysis 

Solution Selection process has three selection processes and one processes where 
final decision should be made. The first second-level process (stage 8.1. in Figure 5.), 
is concerned with the Market Research. At this stage, all relevant existing solutions 
identified through public invitation tender or market analysis, are considered and 
benchmarked against KO Criteria defined as relevant in the second-level process 3.2. 
Only those solutions that fulfil KO Criteria are considered in the following stage – 
namely, Rough Selection (stage 8.2. in Figure 5).  

In Rough Selection phase, the companies that produce the solutions that fulfilled 
KO Criteria are invited to demonstrate their solutions, and to provide answers to the 
questions about Important Functionalities, identified as relevant in the second-level 
process 3.3.  Two or three fittest solutions that fulfil the most of the Important 
Functionalities, should be selected for the Fine Selection phase – a stage number 8.3. 

During the Fine Selection process, selected solutions should be verified through 
appropriate Proof-Of-Concept or in-house workshops, and benchmarked against 
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Nice-To-Have Functionalities, identified as relevant in the second-level process 3.4. 
As soon as this step is done, the next second-level process, namely “Final Selection” 
can be executed.  

As seen in Figure 5, the first step of Final Selection is to prepare the Overall 
Assessment Report (third-level process 8.4.1.). This report is to be presented to the 
Key Stakeholders as the part of the third-level process 8.4.2., and is to be used as a 
basis for voting for preferred solution. After the vote, a proposal for EAB should be 
prepared in the scope of the third-level process 8.4.3., and presented to EAB in the 
scope of the third-level process 8.4.4.. EAB makes final decision to approve or to 
reject the acquisition of the proposed solution, and can seek for a specific review or 
fulfilment of additional conditions found as appropriate and relevant in respective 
situation. The EAB decisions E3. Approved or E6. Rejected represent in the same time 
the end of EAFP cycle, while decisions E5. Sent to Review or E4. Approve under 
Conditions could involve additional activities relevant for the architecture fusion, but 
not foreseen in the scope of EAFP.    

Further activities, such as Implementation Planning and Governance, as seen in 
the Figure 5 are not considered as a part of EAFP cycle, as they don‘t define 
architecture, but only realize it. 

5. Conclusion and Future Work 
The first chapter described the paper and its intention. The second chapter described 
Enterprise Architecture, the most common concepts and frameworks in this field, 
identified knowledge gap, and provided motivation for the development of Enterprise 
Architecture Fusion Process, covering the challenges that need to be addressed. The 
chapter number three explained research approach, activities and methods used to 
develop EAFP. The chapter number four presented the final version of the EAFP, 
including its processes and subprocesses. As the last chapter in this paper, this section 
provides conclusion and the view on potential future work. 

This paper presented EAFP, a new, practical approach to integrate Enterprise 
Architecture activities into existing operational and tactical processes in respective 
organisation with the focus of IT Demand Management; thus, filling in the existing 
knowledge gap identified through literature review. The final version of the approach 
was demonstrated and validated through real-world implementation in one Austrian 
company, where the full version was integrated into existing IT demand process of 
the respective organisation. EAFP demonstrated added value and usefulness for the 
respective organisation, as the relevant decision-making stakeholders, to which the 
results of the evaluation were communicated, proposed to continue using EAFP in 
real-world environment.  

Despite the fact that the focus of the paper was Enterprise Architecture Fusion in 
the scope of IT DMP, it can be used in any other field or at any other level of the 
organisation, where Enterprise Architecture is needed. EAFP is presented as the off-
the-shelf approach enabling the companies to pick what they need and to build their 
own version of the architecture fusion process. EAFP is not prescriptive, but rather 
descriptive.  
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The limitation of the EAFP is that it covers cases of acquiring new of-the-shelf 
solutions and extending existing inhouse solutions; thus, the potential future work 
includes extending EAFP with additional cases, such as building a new inhouse 
solution from the scratch. Also, application of EAFP through other organisational 
aspects, such as Business Transformation, Innovation Management, or Change 
Management offers a basis for further research as well. Additional fields for potential 
future work include validation and evaluation of EAFP in organisations applying agile 
concepts of work, such as Scaled Agile Framework (SAFe) for example [33].  
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performance in the textile firms. The study also fills the literature gap as prior studies 
do not have worked on the mediating aspect of technological innovation. 
Keywords: Organizational culture, intellectual capital, business performance, 
technological innovation. 

1. Introduction 

The textile and apparel industry is a bulwark of Pakistan’s economy. The largest 
manufacturing industry in Pakistan is the textile industry, which contributes 8.5% of 
its GDP. The textile industry accounts for about 60 percent of the nation’s overall 
export earnings, contributes 46 percent of entire manufacturing, and uses more than 
40 percent of bank loans for manufacturing. It provides 38 percent of the total country 
labor force with employment [36]. This sector is flourishing and needs to be 
researched to better the organizations involved in textile manufacturing in Pakistan 
[35]. Sector significance requires an in-depth study that is required both at the 
industrial and firm levels. 

The textile sector is traditional in the global industrial segment. Its growth 
depends on its ability to develop its products through advanced and innovative 
methods, emphasizing competitiveness organizational structure and business 
practices [38]. 

Organizational culture is one of the variables that can inspire creativity. Even 
though it affects the workers’ actions, organizational culture may affect their 
acceptance of innovation as a critical factor for its growth, enhancing its dedication to 
innovation. Organizational culture is also seen as one indicator of innovation because 
it can encourage or impede innovation. Moreover, organizational innovation needs to 
be followed by an appropriate organizational structure [37].  

Specifically, Malinowska-Olszowy claimed that I.C. plays a vital part in the 
textile industry’s sustainable growth. To accomplish this, textile companies need to 
emphasize I.C. strategies’ execution and develop new skills and competencies in 
today’s competitive market climate [39]. 

The purpose of this research is to determine the void in previous studies. This 
research aims to concentrate on O.C. and I.C.’s influence on firms’ performance and 
stabilize the relationship by cooperating governance. More precisely, the mediator 
that is technical innovation and mediates the relationship between variables is the 
problem that was a new subject of measurement in Karachi, Pakistan’s textile 
industry. There have been no studies carried out with these mediators and in this 
context, specifically in Pakistan’s textile sector moderate. The study was helpful to 
the management of Textile companies, and, through this analysis, people employed at 
the top management were able to evaluate the significance of these performance 
functions. The theoretical justification lies in the possibility of understanding how 
culture influences innovation and business performance results. Given the increase in 
studies, few works refer to industrial-organizational studies, so this study contributes 
to filling that void [40]. The following are the objectives made in research. 

1. To determine the impact of O.C. and I.C. on business performance. 
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2. To evaluate the moderating Relationship of corporate Governance 
between I.C. and business performance.  

3. To analyze the mediating Relationship of technological Innovation 
between O.C. and business performance. 

The following are the research questions. 
1. What is the impact of O.C. and I.C. on organizational performance? 
2. How corporate governance moderates the Relationship of I.C. with 

business performance? 
3. How innovation mediates the Relationship between O.C. and business 

performance?  
The proposed research could be useful as a strategic method for companies to 

become aware of the activities that affect their technologies’ success. This research 
also influences all textile sector departments’ top management to enhance their 
organizational performance by understanding the Importance of the organizational 
culture in maintaining better organizational operations and results. It is the first 
comparative analysis of I.C.’s impact in emerging markets on firm Performance in the 
textile industry. Secondly, the current textile I.C. literature is mainly descriptive 
summaries and lacks systematic work. This study also benefits scholars, statespersons, 
and corporate executives who have a general interest in textile production. This 
research is limited only to professionals working in the textile industry of Pakistan. 

2. Literature Review 

Firm performance is a crucial regression coefficient of interest among researchers 
in every management field; it can reference how significant performance has been in 
its operations. Moreover, it also refers to an enterprise’s ability to attain high profit, 
quality service, large profit margins, strong financial performance, and predetermined 
survival [1]. Technological innovation is positively associated with the firm’s 
performance; several studies have shown that both innovation and creativity mediate 
the Relationship between O.C. and Performance [28], suggesting that technological 
innovation mediates the relationship between organizational culture business 
performance.  

 [3] have concluded that a company’s intellectual capital has a positive effect on a 
firm’s performance and can predict potential financial success. [4] suggested that I.C. 
is related to firm operating performance substantially and constructively; also, I.C. 
brings value and improved financial performance to a company [2].  

 Previous studies on this topic have certain limitations, which leads us to research 
this field [7] and [5] have mentioned that their research limits significant innovation 
types. Therefore, financial performance must be considered. Other dimensions like 
customer performance, non-financial & economic performance should also be 
considered while evaluating a firm’s performance.    

 Richard (1992) evaluated that business performance (profits, assets, return on 
investment, etc.), product performance (sales, market share, etc.), and shareholder 
return are incorporating overall organizational performance. The organizational 
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its operations. Moreover, it also refers to an enterprise’s ability to attain high profit, 
quality service, large profit margins, strong financial performance, and predetermined 
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this field [7] and [5] have mentioned that their research limits significant innovation 
types. Therefore, financial performance must be considered. Other dimensions like 
customer performance, non-financial & economic performance should also be 
considered while evaluating a firm’s performance.    

 Richard (1992) evaluated that business performance (profits, assets, return on 
investment, etc.), product performance (sales, market share, etc.), and shareholder 
return are incorporating overall organizational performance. The organizational 
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performance satisfaction level included four items: achieved growth, employee 
satisfaction, customer satisfaction or quality service, and product quality. 
Performance measurement included three items: sale, export, and profitability [5]. 
Various researchers think of performance differently because performance is a 
complex process among organizational researchers. The word performance was used 
mainly by researchers to describe the scope of performance efficiency, input & output 
quality measurements [6]. All these researchers talk about performance efficiency 
through innovation in an organizational, internal, or external environment in only one 
specific industry area. 

 Organizational culture is an essential resource for organizations to stay in their 
thoughts, principles, standards, practices, and beliefs to ensure their sustainability. 
Organizational culture plays a significant role in shaping signs of progress within 
organizations [8]. According to Sackmann, in 1991, Organizational culture can serve 
as a control mechanism for building organizational engagement, achieving cohesion 
within organizations, and helping organizations respond to external changes [10]. 

 The literature on innovation claimed that organizational culture plays a vital role 
in shaping creativity in organizations [11]; Also embracing the idea that companies 
have a clear need to respond to external threats and change their internal capital, 
culture, activities, technology, and structure. Strategic Innovation focuses on 
preparing the organization through proactive innovation to address potential 
challenges [12]. Corporate organizations would benefit from forming a creative and 
high-performance organizational culture and improved competitiveness to maintain 
better market shares and productivity in increasing competition, higher customer 
demands, and rapid technological growth and change [13]. 

 Kotter and Heskett, in 1992, found that corporate culture has a massive impact on 
the long-term financial performance of the company. They noticed that businesses 
with a culture that stressed all the major managerial constituents (customers, 
shareholders, and employees) and managerial leadership at all levels outperformed 
businesses that did not have extensive margins [14]. Therefore, organizational culture 
is the driving factor of organizations. Thus, developing an organizational culture that 
stimulates innovation and creativity is a vital and strategic choice to improve the 
organization and make it more competitive [15]. 

 Organizational culture affects the organizational structure and operating 
structures of a company (Armstrong, 1995). The structure seems to highlight specific 
values that influence in organizations promoting or restricting innovation. 
Researchers have noted that organizational culture on an innovation-fostering system, 
such as versatility, independence, and collective teamwork, can encourage innovation 
[16]. Various other conditions could influence the study results in internal validity, 
but researchers have not discussed it. However, these studies examine the relationship 
between organizational culture and innovation but are more focused on an entirely 
different sector, including SMEs, educational institutes, health care, and banking 
sectors. Therefore, these limitations help us to initiate additional research on textile 
firms. 
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 According to Denison (1984), there is a significant correlation between how an 
organization works and decision-making methods. Denison’s theory of organizational 
culture supports the link between organizational culture and business performance.  
The impact of organizational culture on a firm’s performance in different sectors is 
well-researched. However, some research findings outline a cross-sectional 
relationship between organizations’ culture and outcomes [17]. These recent studies 
have begun to provide insights into how organizational culture may positively or 
negatively affect the firm’s performance. 

Hypothesis:  H1 (a) = Organizational culture has a positive impact on firm 
performance. 

 The Intellectual Capital model was initially discovered in 1969 through a letter 
from John Kenneth Galbraith to Michael Kalecki. And in 1991, it came to light 
through a Journal by Tom Stewart. The resource-based theory states that intellectual 
capital (I.C.) is a principal source to improve business performance [29]. As a result, 
many past researchers have studied in intellectual capital. [33], [30] and [32], who 
inquired how business performance is influenced by intellectual capital. Nevertheless, 
almost all previous researchers concentrated on how the individual intellectual capital 
affects performance while ignoring the impact of particular components of intellectual 
capital. 

 Suppose you want to know Intellectual capital in a firm better. In that case, you 
will need to address its employees to evaluate their core capabilities, especially in 
those regions where they can attain or have already attained “Best-in-the-world” 
status. In business, the intellectual capital signifies the fortune of concepts and skills 
to innovate, determining the business’s future. You have to think about why the 
financial analysts and accountants avoided this area? The only reason is that it is not 
that easy to quantify. Previously accountants find it very difficult and sometimes 
impossible to calculate [30]. So we should recognize the significance of intellectual 
capital as it already exists and has real value [31]. 

Hypothesis:  H1 (b) = Intellectual Capital has a positive impact on firm 
performance. 

 Technology innovation has become a necessary element for organizations in 
recent times after experiencing various approaches in the concept of innovation, as 
Schumpeter first identified back in 1934. Innovational development in organizations 
is published in research articles [18], where this invention’s implementation is 
discussed. After gaining various statistical data regarding technological innovation, it 
defines this factor as executing an updated process to develop an altered product with 
better specifications. Moreover, an organization also uses this tool to upgrade their 
marketing approaches and maintain better relations with external bodies. Concerning 
the requirement, the Green Paper also considered technological innovation as the 
source of production. They also comprehend and utilize profitable new solutions for 
economic and social issues considering the needs of the whole community and 
individual, thus successfully improving the economy sectors globally on the macro 
scale [19]. 
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 Technology innovation often works as a mediator between organizational culture 
and firm performance as an organization’s culture has a positive impact on the firm’s 
innovation. Mediation is only possible by enhancing creativity among the employees 
[20].  The culture within the organization that reinforces innovation considers various 
factors involving the firm’s educational level, socio-economic information, two-way 
communication between the lower and higher management, possible exchange of 
ideas, and the positive attitude towards the better change [22]. One research article 
concluded that technology innovation has a weaker link with firm growth if it is large 
and old [23]. But if the above-discussed factors are considered useful, the productivity 
in both small and large firms could increase up to a greater extent. Starbucks, Google, 
and MasterCard are examples of such large firms adopting innovation successfully.   
Therefore, a firm must develop such an innovative climate within the firm that enables 
it to think through out-of-the-box and search for the new product or process. 

Hypothesis:  H1(c) = Technological Innovation mediates the Relationship 
between Organizational culture and firm performance. 

 Corporate governance plays a central role in attracting investors for the firm’s 
capital growth. The transparency in the company’s financial structure leads the 
decision-makers to invest and believe in its goodwill. Corporate governance regulates 
accountability. Nonetheless, big business enhances a company’s capacity to recruit 
talented workers, take creativity, and maintain a strong relationship with stakeholders 
and vendors. [24]. A study is undergoing in the banking sector of Pakistan that 
explains corporate governance’s role in a firm’s performance. Still, this study is 
limited to the banking sector and does not showcase its technological giants. [25] 
Many studies are proven successful in explaining C.G.’s role, but those are not about 
the Pakistani listed companies. 

 Corporate governance defines the level of disclosure of Intellectual capital that 
can create value for the firm as gaining or maintaining a competitive edge [31]. This 
competitive advantage results in the excellent business performance of the company. 
But this statement again acts as the limitation because the study is done on Italian 
listed companies and not on Pakistan’s listed companies. 

Our Research model entails two independent variables, organizational culture, 
intellectual capital, and one dependent variable is business performance. The mediator 
and moderator are, respectively, technological innovation and corporate governance. 
These variables supported by different theories are discussed below. These theories 
explain and predict the relationship between variables and organize our ideas. 

Hypothesis:  H1 (d) = Corporate Governance moderates the Relationship 
between Intellectual capital and firm performance. 
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Figure 1. Conceptual Model Regarding Variables Affecting Business Performance 

3. Methodology 

The philosophy is considered a belief about how the Researchers gathered the research 
[41]. An investigator aims to utilize positivism philosophy as it directs the minimum 
bias from the researcher. Researchers play a vital role in the data collection process, 
and Researchers chose to execute unbiased data gathering. The research perceives 
truth, reality, and knowledge regarding the research subject to carry out significant 
results [42]. The researcher’s own opinion was regarded in this research, and only the 
valid results were acquired through unknown target respondents.  

We have selected a Quantitative research paradigm for our research to gather 
responses and enhance the research process. The positivist philosophy underpins the 
quantitative paradigm to execute study; hence Pure quantitative research paradigm 
focuses on measuring data quantitatively [43]. 

Quantitative design research is dealt with to quantify and analyze variables to get 
results. It is selected to develop numerical data using statistical techniques to answer 
the questions set up for this research [44]. All the data exerted is in the form of a 
numerical basis and numbers through statistical measures.  

Researchers used a deductive approach for the quantitative study. The process 
starts from a theoretical point of view requiring theories; it deals with formulating 
hypothesis, observation, and confirmation of a new conceptual understanding [45]. It 
follows the steps to conclude an understanding of the phenomenon. 
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Non-probability sampling opts for the sampling design. Moreover, the non-
probabilistic method is used to take respondents representing the population [46]. A 
frame is not available for everyone, as specifically, employees from the various 
managerial levels are chosen from the textile organizations operating in Pakistan. 

Purposive sampling technique is used, by researchers, to gather data from the 
representative of the population. The main aim to choose this technique where 
randomization is not possible, such as in this case, not every respondent can be 
reached due to certain limitations [47].  

In this research, a sample of 200 was taken that are the whole population’s 
representatives. 90 and 120 men filled the questionnaire. Respondents ranged from 
the age bracket of 23 to 45. Most of the respondents were between 23-30. (67% of all 
the participants are between the age of 23-30).  28.5% are between the ages of 31-37. 
Lastly, 3.3% lie between the age bracket of 38-45). The reported textile industry 
experience level of respondents included 1-4 years (64%), 5-8 years of experience 
(21%), 9-15 years of experience (15%). Of all the responses, 13% belonged to 
Alkaram (28 Participants), 13% belong to Artistic, 11% to Feroze, 32% to Gul-
Ahmed, 7% to Soorty, 6% to Younus, the remaining 7% belonged to ‘Other’ category 
in textile firms. All the respondents belonged to the different departments in the textile 
organizations of Pakistan. Such a spread of respondents in various departments helped 
the researcher to maintain variance in the data set.   

The research purely forms quantitative design; therefore, utilizing Partial least 
squares structural equation modeling as a statistical technique is vital to analyze the 
chosen responses. This technique is suitable to analyze each variable dependent, 
mediator, moderator, and independent variable to produce significant results. The 
estimation model was used to decide the data’s quality and legitimacy and the 
relationship between constructs [48]. 

3.1. Measurement 

The source questionnaire serves as measures for this study. 

 
Item Code Items Citation 

WE1 My Firm’s mission is to serve society. 

[54] 

WE2 
My organization constantly scans the external 
environment for inputs such as technology, ideas, 
information, knowledge, etc. 

WE3 My organization valued employees’ opinions. 
MS1 The management style emphasizes on team building. 

MS2 Our management promotes consideration among 
employees. 
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OL1 Top management is actively involved in 
communication and planning of organizational goals. 

OL2 Top leadership provides powerful means to improve 
& maintain quality. 

OL3 Top leadership anticipate changes and make plans to 
accommodate them. 

L1 My organization strongly emphasizes on the profit of 
the customer.  

L2 My organization shows social responsibility. 
L3 My organization provides sincere services. 

LE1 My organization promotes teamwork within the firm.  

LE2 The company’s employees undergo continuous 
training programs every year. 

 

LE3 My Firm Promotes a sense of learning within 
Employees. 

 

LE4 Employees are experts in their respective areas.  

CPP1 Employees’ experience and expertise affect the 
company’s productivity. [55] 

CPP2 Employees’ experience and expertise affect the 
company’s profitability. 

 

FPI1 The market share of my firm is higher among the 
competitors. 

[56] FPI2 Our firm has a higher debt to equity ratio. 
FPI3 My firm takes care of short-term liabilities. 
FPI4 Our firm has high Cash flows. 
OPI1 The inspection of incoming material is essential. 

[57] 
OPI2 We are delivering inputs on time. 
OPI3 In my firm, there is a low level of absenteeism. 

OPI4 Are your firm has a higher rate of new product 
development? 

BI1 The priority of our firm is to gain customer 
satisfaction. 

[58] BI2 My firm has a reputed image in the market. 
BI3 We have higher public demand. 
BI4 Our firm has gained higher customer loyalty. 
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A1 Our firm has sufficient resources to develop new 
products/processes. 

[59] 

A2 Our product has sufficient technological capabilities 
to develop new products/processes. 

A3 For my organization, vision assessment is necessary 
for innovation. 

A4 Our firm continuously tests new ideas. 

RE1 In my organization, multi-disciplinary collaboration 
and training are essential. 

RE2 Responsibilities are redefined among employees in 
my organization. 

RE3 Reflexive capacity within scientists should be carried 
out. 

I1 Establishing a Sense of Belonging is Necessary. 
I2 A top-down approach is not enough. 
I3 Inclusion is a continuous on-going process. 
I4 My organization always encourages its employees.   

RL1 Our firm’s governance follows legal frameworks. 

(Abrha, J 
Civil Legal 
Sci 2016, 
5:3) [60] 

RL2 My organization protects human rights. 
RL3 We are providing freedom-to-speech to employees. 
RL4 Our firm always avoids illegal activities. 

T1 Our firm always reports financial position to 
investors. 

T2 My firm provides a strategy outline for investors. 
T3 We always disclosed a conflict of interest. 

R1 We are serving stakeholders within a reasonable 
period. 

R2 How approachable is your company? 
R3 We Delivered the services timely.   

AC1 My firm upholds proper accountability for 
operations. 

 

AC2 We are answerable to our stakeholders.  

AC3 Our firm is always responsible for avoiding social 
injuries. 

 

Table 1. Questionnaire. 
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4. Results & Discussion 

4.1. Descriptive statistics 

Descriptive statistics are used to define the fundamental characteristics of the data in 
a sample. They provide simple summaries of the model and the steps. As stated earlier, 
this research data is analyzed using the PLS-SEM technique, which is best suited for 
data of this nature. The results and conclusions shall proceed in the following stepwise 
explanation of the whole process of study. 

Any data whose skewness and kurtosis remain within ±3 are considered to be 
normally distributed [50]. All sample data gathered in this research is usually 
distributed based on the parameters shown in Table 2. 
 

  Age Gender Education Organization  Experience Department Managerial 
Level 

Skewness 1.231 -0.291 0.804 0.204 1.075 0.536 1.344 

Std. Error 
of 
Skewness 

0.168 0.168 0.168 0.168 0.168 0.168 0.168 

Kurtosis 0.547 -1.934 -0.957 -1.566 -0.342 -0.384 0.499 

Std. Error 
of 
Kurtosis 

0.335 0.334 0.334 0.334 0.334 0.334 0.334 

Table 2. The above table shows the normality of demographic indicators, which is within the 
limits of ±3. 

The below cross-tabulation results indicate that 56.9 percent of employees are 
males, and the remaining 43.1 percent are females. The findings show that 67.9 
percent of employees belong to the 23–30 age group, 28.7 percent of employees 
belong to the 31–37 age group, and just 3.33 percent of employees are in the 38–45 
year age group.  

The results also indicate that 69.9 percent of employees have graduation education 
qualifications in various fields such as engineering, science, and arts, and 29.7 percent 
of employees have postgraduate educational qualifications. 
 

  Gender 
  Female Male 
  Age Age 
  23-30 31-37 38-45 23-30 31-37 38-45 

Education B.E. 4.8% 1.9% 0.0% 6.7% 1.9% 0.0% 
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BS 21.1% 2.4% 0.0% 23.0% 3.3% 0.0% 
BBA 3.3% 0.5% 0.0% 0.0% 1.0% 0.0% 
ME 0.0% 1.4% 0.0% 1.0% 0.0% 0.0% 
MS 1.9% 1.4% 0.0% 1.9% 3.3% 0.0% 

MBA 1.9% 2.4% 0.0% 1.9% 9.1% 3.3% 
BA 0.0% 0.0% 0.0% 0.5% 0.0% 0.0% 

Total 33.0% 10.0% 0.0% 34.9% 18.7% 3.3% 

Table 3. The above table shows the cross-tabulation of the socio-economic profile of textile 
industry employees. 

As a purposive sampling technique was used to gather data from the population-
representative, below table 4 shows that many respondents sent are from Gul Ahmed 
textile. The main objective is to use this technique where randomization is not 
feasible, as in this case, not every respondent can be reached due to some constraints. 
Therefore, less data was collected from the most experienced employees. 
  

  

Managerial Level 
Middle 

Manager 
Senior 

Manager Executive Total 
Organization 

Name 
Gul Ahmed 50 9 7 66 

Alkaram 14 9 5 28 
Soorty 11 3 0 14 
Yunus 6 5 2 13 
Artistic 21 4 3 28 
Feroze 18 4 1 23 
Other 24 11 3 38 

  Total 144 45 21 210 

Table 4. The above table shows the cross-tabulation of the organization and the Managerial 
level of the respondent. This table indicates that from which textile organization data is 

collected and how much the respondent is experienced. 

4.2. Measurement Model  

The measurement model is the ultimate destination of any quantitative analysis 
method evaluating data using PLS-SEM techniques [52]. The outer loadings evaluate 
all study constructs’ indicator reliability with the desired range of 0.7, and above that, 
all external loadings indicators below 0.7 should be discarded [50]. 
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Gul Ahmed 50 9 7 66 

Alkaram 14 9 5 28 
Soorty 11 3 0 14 
Yunus 6 5 2 13 
Artistic 21 4 3 28 
Feroze 18 4 1 23 
Other 24 11 3 38 

  Total 144 45 21 210 

Table 4. The above table shows the cross-tabulation of the organization and the Managerial 
level of the respondent. This table indicates that from which textile organization data is 

collected and how much the respondent is experienced. 

4.2. Measurement Model  

The measurement model is the ultimate destination of any quantitative analysis 
method evaluating data using PLS-SEM techniques [52]. The outer loadings evaluate 
all study constructs’ indicator reliability with the desired range of 0.7, and above that, 
all external loadings indicators below 0.7 should be discarded [50]. 
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  B.P. CG I.C. OC TI 
A         0.839 
AC   0.808       
BI 0.868         
CPP     0.798     
FPI 0.761         
I         0.879 
L       0.832   
LE     0.896     
MS       0.828   
OL       0.877   
OPI 0.896         
R   0.878       
RE         0.899 
RL   0.816       
T   0.737       
WE       0.85   

Table 5. Note: The above table indicates item loadings/external loadings, and all of the outer 
loadings are above the threshold of 0.7 [51]. Therefore, none of the above indicators was 

discarded, as all are having extreme loading values greater than 0.7. 

 
Figure 2. Conceptual Model after PLS Algorithm 
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Multiple regression analysis is performed to explore the reliability and validity 
factors that affect the textile industry’s business performance, and the findings are 
presented in Table 5. Reliability and validity are principles, which are used to 
determine research quality. They state how well something is calculated by a process, 
technique, or examination. Reliability is about a measure being consistent, and 
validity is about an action being reliable. According to the thumb rule, composite 
reliability is tested for data to be deemed reliable when its composite reliability is > 
0.7 [51]. The composite’s reliability establishes the internal stability and reliability of 
constructs. Table 6 shows that all the constructs have composite reliability greater 
than 0.7. 
 

  Composite Reliability 
BP 0.88 
CG 0.885 
IC 0.837 
OC 0.91 
TI 0.905 

Table 6. The above table indicates that all the constructs have composite reliability greater 
than 0.7 [51]. 

 
Figure 3. Composite Reliability 

Validity refers to the accuracy with which a system calculates what it is supposed 
to measure. If research is highly credible, it produces real properties, characteristics, 
and physical or social environment variations. (Taherdoost, Hamed, 2016). All 
indicators must have AVE (Average Variance Extracted) greater than or equal to 0.5 
[51] for testing convergent validity. 
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  Average Variance Extracted (AVE) 
BP 0.711 
CG 0.658 
IC 0.72 
OC 0.717 
TI 0.762 

Table 7. The above table indicates that all the constructs have an average variance extracted 
greater than 0.5 [51]. 

 
Figure 4. Convergent Validity 

Discriminant validity specifies the differentiation or uniqueness between all the 
constructs in the model, and only those constructs with a discriminating validity value 
of 0.85 or less are considered valid [51]. 
 

  B.P. CG I.C. OC TI 
BP           
CG 0.861         
IC 0.993 0.823       
OC 0.823 0.656 1.133     
TI 0.853 0.805 0.988 0.79   

Table 8. Discriminant validity 

The above table indicates that all constructs in this research are very well valid 
except Business Performance-Corporate governance, organizational culture-
intellectual capital & intellectual capital-technological innovation having borderline 
exceeding values greater than 0.5 [51].  
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Figure 5. Discriminant validity 

4.3. Structural Model Evaluation 

After the measurement model, the data set’s structural model is measured on PLS, 
establishing the internal model’s predictive validity and the relationship between the 
proposed constructs. All proposed hypotheses that are evaluated and verified based 
on the results of that method. All hypotheses with a P value of less than 0.05 is 
accepted in quantitative analysis; the remaining are rejected [53].  
 

 Original 
Sample (O) 

Standard 
Error 

T Statistics 
(|O/STDEV|) P Values Decision 

IC -> BP 0.224 0.098 2.286 0.011 Supported 
OC -> BP 0.17 0.089 1.901 0.029 Supported 

Table 9. Direct Relationship Testing 

The above table highlights the direct relationship between an independent and 
dependent variable based on results from these model hypotheses H1 and H2 are 
accepted. 

The mediation relationship is evaluated through path coefficient and specific 
indirect bootstrapping effects. The results indicate that the H3 hypothesis is accepted. 

 

 Original 
Sample (O) 

Standard 
Error 

T Statistics 
(|O/STDEV|) 

P 
Values Decision 

OC -> TI -> BP 0.121 0.052 2.339 0.019 Supported 

Table 10. Mediating Relationship Testing 
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This table indicates the relationship between mediator, independent and 
dependent variables; from the above results of bootstrapping and two-tailed testing, 
the hypotheses H3 supports the model. 

To find the moderating effect of corporate governance between intellectual 
capital and business performance, bootstrapping is the sun on one-tailed testing after 
creating a moderating impact on smart PLS. 
 

 
Original 
Sample 

(O) 

Standard 
Error 

T Statistics 
(|O/STDEV|) P Values Decision 

IC*CG -> BP 0.042 0.057 0.742 0.229 Not Supported 

Table 11. Moderating Relationship Testing 

Table 11 indicates the relationship between the moderator (corporate 
governance), the independent variable (intellectual capital), and the dependent 
variable (business performance). From the above results of bootstrapping and one-
tailed testing the hypotheses, H4 not supports the model. 

This study aimed to evaluate and compare the influence of organizational culture 
& intellectual capital on business performance, which is Karachi’s textile industry 
(Pakistan). The results show that corporate culture, intellectual capital, and technology 
innovation significantly influence the textile industry’s production. Therefore, the null 
hypothesis that there is no critical impact on the textile industry’s output by 
organizational factors is dismissed.  
The textile industries should implement advanced technology and creative methods, 
increasing their competitiveness level. The industrial textile units must have effective 
leadership, an effective communication system, and a good governance structure to 
enhance industrial textile units’ efficiency. 

5.  Conclusion 

Through this research, it is concluded that the organizational culture within the firm 
and Intellectual capital both directly impact the business performance of the textile 
firms. With the help of Smart PLS Software, the hypothesis that the firm culture and 
intellectual capital has a positive impact on business performance is found to be 
supported. Moreover, it is also proved that technological innovation works as a 
mediator between the organizational culture and business performance. However, 
corporate governance does not affect moderation between the textile industry’s 
intellectual capital and business performance. The findings discussed here will benefit 
researchers and textile industries. This study will contribute to the valuation of 
companies and serve as a comparison between textile industries. Managers may use 
the model to define and compare the most relevant metrics to industry-wide 
benchmarks. 
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This research has a few limitations as well. It is tough to study every textile 
industry of Pakistan. Surveying the country is not possible within a limited period; 
therefore, this research is only based on Karachi’s textile industries having a better 
reputation and market demand. Analysis of the textile industries in other cities of 
Pakistan could be carried out in the future. The moderator could be rapid changes in 
technology, business strategy, or environmental dynamism. 

References 
[1] S. Paudel, “Entrepreneurial leadership and business performance: Effect   

of organizational innovation and environmental dynamism,” South Asian 
Journal of Business Studies, Vol. 8 No. 3, pp. 348-369, 2019. 

[2] Q. L. Kweh & I. W. K. Ting & L. T. M. Hanh & C. Zhang, “Intellectual 
capital, governmental presence, and firm performance of publicly listed 
companies in Malaysia,” International Journal of Learning and 
Intellectual Capital, Inderscience Enterprises Ltd, Vol. 16(2), pp 193-211, 
2019. 

[3] D. Zeghal and A. Maaloul. “Analyzing value-added as an indicator of 
intellectual capital and its consequences on company 
performance,” Journal of Intellectual Capital, Vol. 11 No. 1, pp. 39-60, 
2010. 

[4] L. June.  “Are personal innovativeness and social influence critical to 
continue with mobile commerce?”, Internet Research, Vol. 24 No. 2, pp. 
134-159, 2014. 

[5] V. Singh, A. Kumar, T. Singh, “Impact of TQM on organizational 
performance: The case of Indian manufacturing and service industry,” 
Operations Research Perspectives, Vol. 5, pp 199-217, 2018. 

[6] P. Stannack “Perspectives on Employee Performance,” Management 
Research News, Vol. 19 No. 4/5, pp. 38-40, 1996 

[7] Y. Zhang & U. Khan & Seoyeon Lee & M. Salik, “The Influence of 
Management Innovation and Technological Innovation on Organization 
Performance. A Mediating Role of Sustainability,” Sustainability, MDPI, 
Open Access Journal, Vol. 11(2), pages 1-21, 2019. 

[8] Y. Muchtar, & I.  Q. Lubis, “The Influence of Transformational Leadership 
Style on Innovation Mediated by Organizational Culture.” Journal of 
Management Research, Vol. 6(4), 176, 2014. 

[9] Y. Muchtar, & I.  Q. Lubis, “The Influence of Transformational Leadership 
Style on Innovation Mediated by Organizational Culture.” Journal of 
Management Research, Vol. 6(4), 176, 2014. 



261

JIOS, VOL. 45. NO. 1 (2021), PP. 243-265

FAHIM, INAYAT, ZAIDI, AHMED, HASSAN AND ALI INFLUENCE OF ORGANIZATIONAL CULTURE... 

  

This research has a few limitations as well. It is tough to study every textile 
industry of Pakistan. Surveying the country is not possible within a limited period; 
therefore, this research is only based on Karachi’s textile industries having a better 
reputation and market demand. Analysis of the textile industries in other cities of 
Pakistan could be carried out in the future. The moderator could be rapid changes in 
technology, business strategy, or environmental dynamism. 

References 
[1] S. Paudel, “Entrepreneurial leadership and business performance: Effect   

of organizational innovation and environmental dynamism,” South Asian 
Journal of Business Studies, Vol. 8 No. 3, pp. 348-369, 2019. 

[2] Q. L. Kweh & I. W. K. Ting & L. T. M. Hanh & C. Zhang, “Intellectual 
capital, governmental presence, and firm performance of publicly listed 
companies in Malaysia,” International Journal of Learning and 
Intellectual Capital, Inderscience Enterprises Ltd, Vol. 16(2), pp 193-211, 
2019. 

[3] D. Zeghal and A. Maaloul. “Analyzing value-added as an indicator of 
intellectual capital and its consequences on company 
performance,” Journal of Intellectual Capital, Vol. 11 No. 1, pp. 39-60, 
2010. 

[4] L. June.  “Are personal innovativeness and social influence critical to 
continue with mobile commerce?”, Internet Research, Vol. 24 No. 2, pp. 
134-159, 2014. 

[5] V. Singh, A. Kumar, T. Singh, “Impact of TQM on organizational 
performance: The case of Indian manufacturing and service industry,” 
Operations Research Perspectives, Vol. 5, pp 199-217, 2018. 

[6] P. Stannack “Perspectives on Employee Performance,” Management 
Research News, Vol. 19 No. 4/5, pp. 38-40, 1996 

[7] Y. Zhang & U. Khan & Seoyeon Lee & M. Salik, “The Influence of 
Management Innovation and Technological Innovation on Organization 
Performance. A Mediating Role of Sustainability,” Sustainability, MDPI, 
Open Access Journal, Vol. 11(2), pages 1-21, 2019. 

[8] Y. Muchtar, & I.  Q. Lubis, “The Influence of Transformational Leadership 
Style on Innovation Mediated by Organizational Culture.” Journal of 
Management Research, Vol. 6(4), 176, 2014. 

[9] Y. Muchtar, & I.  Q. Lubis, “The Influence of Transformational Leadership 
Style on Innovation Mediated by Organizational Culture.” Journal of 
Management Research, Vol. 6(4), 176, 2014. 

JOURNAL OF INFORMATION AND ORGANIZATIONAL SCIENCES 

  

[10] N. H Abdullah, A. Shamsuddin, E. Wahab, & A. H. N. Aziati, “The 
Relationship between Organizational Culture and Product Innovativeness.” 
Procedia - Social and Behavioral Sciences, 129, 140–147. 2014 

[11] E.C. Martins and F. Terblanche, “Building organizational culture that 
stimulates creativity and innovation,” European Journal of Innovation 
Management, Vol. 6 No. 1, pp. 64-74, 2003. 

[12] Y. Godiwalla “Making MNC Competitive Through Effective Cross-
Cultural Negotiations,” International Journal of Social Science Studies. 
Vol. 7(1)21, 2018. 

[13] M. Greco, M. Grimaldi, & L. Cricelli, “An analysis of the open innovation 
effect on firm performance.” European Management Journal, Vol. 34(5), 
pp. 501–516, 2016. 

[14] A.M. Marampa, R. W. V. Khananda, A. I. Anggraeni “The Effect of 
Organizational Culture on Organizational Performance,” International 
Conference on Rural Development and Entrepreneurship. Vol. 6, Issue 1, 
pp. 65-72, 2019. 

[15] S. M. Hazem & S. Zehou, “Organizational culture and innovation: A 
literature review,” Advances in Social Science, Education and Humanities 
Research. Vol. 344, 2019. 

[16] L. T. Tuan, “Organizational culture, leadership and performance 
measurement interestedness,” International Journal of Management & 
enterprise development. Vol. 9, Issue 3, pp. 251-275, 2010. 

[17] S. H. Wahyuningsih, A. Sudiro & E. A. Troena , D. W. Irawanto “Analysis 
of organizational culture with Denison’s model approach for international 
business competitiveness,” Problems and Perspectives in Management. 
Vol. 17(1) pp. 142-15, 2018. 

[18] L. Miller, R. Miller, J. Dismukes, “The Critical Role of Information and 
Information Technology in Future Accelerated Radical Innovation,” 
Information, Knowledge System, Management, IOS Press, Vol. 5, Nr. 2, 
pp. 63-69, 2006. 

[19] A.Jolly, Team to Teach: “A Facilitator’s guide to professional learning 
teams,” Oxford OH: National Staff Development Council, 2008 

[20] T. Buschgens, A. Bausch, D. B. Balkin, “Organizational culture and 
innovation: A meta – analytic review.” Journal of Product Innovation 
Management, 30 (94), 1-19, 2013. 

[21] G. J. Tellis, J. C. Prabhu, and K. C. Rajesh, “Radical innovation across 
nations: the preeminence of corporate culture,” Journal of Marketing, Vol. 
73 No. 1, pp. 3-23, 2009. 



262

JIOS, VOL. 45. NO. 1 (2021), PP. 243-265

FAHIM, INAYAT, ZAIDI, AHMED, HASSAN AND ALI INFLUENCE OF ORGANIZATIONAL CULTURE... 

  

[22] J. Perenc, J. H. Iwan, “Innovation in developing companies’ 
competitiveness, importance, support and examples of applications,” 2011. 

[23] B. Hall, F. Lotti, J. Mairesse, Innovation and Productivity in SMEs—
Empirical Evidence for Italy. Small Business Economics, Vol. 33, issue 1, 
pp. 13–33, 2009. 

[24] A.MA. M. Ahlia University. “Corporate Governance and Intellectual 
Capital: Evidence from Gulf Cooperation Council Countries,” Academy of 
Accounting and Financial Studies Journal, Vol. 22, Number 1, 2018. 

[25] I.Sohail, Z. Murtaza, M. B. Saeed, Corporate Governance and Firm 
Performance: A study on moderating effects of firm size and leverage on 
the relationship between corporate governance and firm performance in 
banking sector of Pakistan. Jinnah Business Review, Vol. 1, no. 2, pp. 40-
46, 2013 

[26] M. A.  Baldini, G. Liberatore, “Corporate governance and intellectual 
capital disclosure: An empirical analysis of the Italian listed companies.” 
Corporate Ownership & Control, vol. 13, issue 2, 2016. 

[27] Dr. S. B. Ahmad, A. B. Mushraf, “The Relationship between Intellectual 
capital and Business Performance: An empirical study in Iraqi industry” 
International Conference on Management and Artificial Intelligence. vol.6, 
2011 

[28] J. J. P. Jansen, F. A. J. V. D. Bosch, H. W. Volberda, “Exploratory 
innovation, exploitative innovation, and performance: Effects of 
Organizational Antecedents and Environmental Moderators,” Management 
Science, Vol. 52 No. 11, pp. 1661-1674, 2006. 

[29] J. Roos, G. Roos, L. Edvinsson, “Intellectual Capital: Navigating in the 
New Business Landscape,” Macmillan Publications, 1997. 

[30] N. Bontis “Intellectual capital disclosure in Canadian corporations,” 
Journal of Human Resource Costing and Accounting, Vol. 7 No. 1, pp. 9-
20, 2003. 

[31] M. D. R. Cabrita, J. L. D. Vaz, N. Bontis, “Modelling the creation of value 
from intellectual capital: A Portuguese banking perspective,” International 
Journal of Knowledge and Learning, Vol. 3, Nos 2/3, pp. 266-80, 2007. 

[32] Y. An, H. Davey, I. R. C. Eggleton, Z. Wang, “Intellectual capital 
disclosure and the information gap: Evidence from China” Advances in 
Accounting. Vol. 31(2), pp. 179-187, 2015. 

[33] C. D. Ittner and D. F. Larcker, “Enhancing the Financial Reporting 
Model.” Journal of Accounting Research Studies. Vol. 36, pp. 1-35, 1998. 



263

JIOS, VOL. 45. NO. 1 (2021), PP. 243-265

FAHIM, INAYAT, ZAIDI, AHMED, HASSAN AND ALI INFLUENCE OF ORGANIZATIONAL CULTURE... 

  

[22] J. Perenc, J. H. Iwan, “Innovation in developing companies’ 
competitiveness, importance, support and examples of applications,” 2011. 

[23] B. Hall, F. Lotti, J. Mairesse, Innovation and Productivity in SMEs—
Empirical Evidence for Italy. Small Business Economics, Vol. 33, issue 1, 
pp. 13–33, 2009. 

[24] A.MA. M. Ahlia University. “Corporate Governance and Intellectual 
Capital: Evidence from Gulf Cooperation Council Countries,” Academy of 
Accounting and Financial Studies Journal, Vol. 22, Number 1, 2018. 

[25] I.Sohail, Z. Murtaza, M. B. Saeed, Corporate Governance and Firm 
Performance: A study on moderating effects of firm size and leverage on 
the relationship between corporate governance and firm performance in 
banking sector of Pakistan. Jinnah Business Review, Vol. 1, no. 2, pp. 40-
46, 2013 

[26] M. A.  Baldini, G. Liberatore, “Corporate governance and intellectual 
capital disclosure: An empirical analysis of the Italian listed companies.” 
Corporate Ownership & Control, vol. 13, issue 2, 2016. 

[27] Dr. S. B. Ahmad, A. B. Mushraf, “The Relationship between Intellectual 
capital and Business Performance: An empirical study in Iraqi industry” 
International Conference on Management and Artificial Intelligence. vol.6, 
2011 

[28] J. J. P. Jansen, F. A. J. V. D. Bosch, H. W. Volberda, “Exploratory 
innovation, exploitative innovation, and performance: Effects of 
Organizational Antecedents and Environmental Moderators,” Management 
Science, Vol. 52 No. 11, pp. 1661-1674, 2006. 

[29] J. Roos, G. Roos, L. Edvinsson, “Intellectual Capital: Navigating in the 
New Business Landscape,” Macmillan Publications, 1997. 

[30] N. Bontis “Intellectual capital disclosure in Canadian corporations,” 
Journal of Human Resource Costing and Accounting, Vol. 7 No. 1, pp. 9-
20, 2003. 

[31] M. D. R. Cabrita, J. L. D. Vaz, N. Bontis, “Modelling the creation of value 
from intellectual capital: A Portuguese banking perspective,” International 
Journal of Knowledge and Learning, Vol. 3, Nos 2/3, pp. 266-80, 2007. 

[32] Y. An, H. Davey, I. R. C. Eggleton, Z. Wang, “Intellectual capital 
disclosure and the information gap: Evidence from China” Advances in 
Accounting. Vol. 31(2), pp. 179-187, 2015. 

[33] C. D. Ittner and D. F. Larcker, “Enhancing the Financial Reporting 
Model.” Journal of Accounting Research Studies. Vol. 36, pp. 1-35, 1998. 

JOURNAL OF INFORMATION AND ORGANIZATIONAL SCIENCES 

  

[34] E. Amir, B. Lev, “Value-Relevance of Nonfinancial Information: The 
Wireless Communications Industry.” Journal of Accounting and 
Economics. Vol. 22(1-3), pp. 3-30, 1996. 

[35] S. Jabbar and T. Afza, “Relationship between intellectual capital and 
financial performance of Pakistani non-financial firms” Vidyabharati 
International Interdisciplinary Research, Vol. 3(1), pp.67-80, 2014. 

[36] M. A. Tanveer, S. Zafar, “The stagnant performance of the textile industry 
in Pakistan.” European Journal of Scientific Research, Vol. 77, Nos.3, 
pp.362-372, 2012. 

[37] G. Gomes, D. D. P. N. Machado, J. Alegre, “Determinants of Innovation 
Culture: A Study of Textile Industry in Santa Catarina,” Brazilian Business 
Review. Vol. 12, Nos.4, pp. 99-122, 2015. 

[38] C. K. Padilhaa & G. Gomes, “Innovation culture and performance in 
innovation of products and processes: a study in companies of textile 
industry,” RAI Revista de Administração e Inovação, Vol. 13, Issue 
4, pp.285-294, 2016. 

[39] M. Malinowska, Olszowy, “The choice of appropriate tools for measuring 
intellectual capital as a determinant of success with special emphasis on the 
textile and clothing market,” Autex Research Journal, Vol. 13, No. 4, 
2013. 

[40] J. Xu, B. Wang, “Intellectual Capital Performance of the Textile Industry 
in Emerging Markets: A Comparison with China and South Korea.” 
Sustainability. Vol. 11(8):2354, 2019. 

[41] M. N.K. Saunders, P. Lewis, A. Thornhill, “Understanding research 
philosophies and approaches. Research methods for business students,” 
Vol. 4 pp.106-135, 2019. 

[42] G. Ryan, “Introduction to positivism, interpretivism and critical 
theory,” Nurse researcher, Vol. 25(4), pp. 41-49, 2018. 

[43] S. K. Antwi, H. Kasim, “Qualitative and quantitative research paradigms in 
business research: A philosophical reflection,” European journal of 
business and management, Vol. 7(3), pp. 217-225, 2015. 

[44] O. D. Apuke, “Quantitative research methods: A synopsis 
approach,” Kuwait Chapter of Arabian Journal of Business and 
Management Review, Vol. 6(10), pp. 40-47, 2017. 

[45] S.M. A. Burney, H. Saleem, “Inductive and deductive research approach.” 
Soft Computing Applications for Decision Making in Supply Chain 
Management, 2008. 



264

JIOS, VOL. 45. NO. 1 (2021), PP. 243-265

FAHIM, INAYAT, ZAIDI, AHMED, HASSAN AND ALI INFLUENCE OF ORGANIZATIONAL CULTURE... 

  

[46] N. Showkat, H. Parveen, “Non-probability and probability 
sampling,” Media and Communications Study, pp. 1-9, 2017. 

[47] Etikan, S. A. Musa, R. S. Alkassim, “Comparison of convenience sampling 
and purposive sampling,” American Journal of theoretical and applied 
statistics, Vol. 5(1), pp. 1-4, 2016. 

[48] J. F. Hair Jr, M. Sarstedt, L. Hopkins, V. G. Kuppelwieser, “Partial least 
squares structural equation modeling (PLS-SEM),” European business 
review, Vol. 26, Issue. 2, pp. 106-121, 2014. 

[49] H. Taherdoost, “Validity and Reliability of the Research Instrument; How 
to Test the Validation of a Questionnaire/Survey in a Research,” 
International Journal of Academic Research in Management. Vol. 5. pp. 
28-36, 2016. 

[50] J. F. Hair, M. Sarstedt, C. M. Ringle, J. A. Mena, “An Assessment of the 
Use of Partial Least Squares Structural Equation Modeling in Marketing 
Research,” Journal Academy of Marketing Science, Vol. 40, pp.414–433, 
2012. 

[51] C. Fornell, D. F. Larcker, “Evaluating Structural Equation Models with 
Unobservable Variables and Measurement Error.” Journal of Marketing 
Research, Vol. 18, Issue. 1, pp. 39–50, 1981. 

[52] G. Dastgeer, A. U. Rehman, W. Rahman, “Examining Data and 
Measurement Model Specification in SEM: An Illustration from 
Management Development,” Journal of Business Economics and 
Management. Vol. 4, pp. 62-88, 2013. 

[53] S. Hussain, A. Siddiqi, Z. Ali, Z. Fangwei, “Structural Equation Model for 
Evaluating Factors Affecting Quality of Social Infrastructure Projects,” 
Sustainability, Vol. 10(5):1415, 2018. 

[54] M. Naqshbandi, S. Kaur and P. Ma, "What organizational culture types 
enable and retard open innovation?", Quality & Quantity, vol. 49, no. 5, 
pp. 2123-2144, 2014. Available: 10.1007/s11135-014-0097-5. 

[55] A. Sharabati, S. Naji Jawad and N. Bontis, "Intellectual capital and 
business performance in the pharmaceutical sector of 
Jordan", Management Decision, vol. 48, no. 1, pp. 105-131, 2010. 
Available: 10.1108/00251741011014481.  

[56] E. Anderson and V. Mittal, "Strengthening the Satisfaction-Profit 
Chain", Journal of Service Research, vol. 3, no. 2, pp. 107-120, 2000. 
Available: 10.1177/109467050032001. 

[57] A. Fernandes, P. Sampaio, M. Sameiro and H. Truong, "Supply chain 
management and quality management integration", International Journal of 

JOURNAL OF INFORMATION AND ORGANIZATIONAL SCIENCES 

  

Quality & Reliability Management, vol. 34, no. 1, pp. 53-67, 2017. 
Available: 10.1108/ijqrm-03-2015-0041. 

[58] F. Bergeron, The concept of fit in information systems research. Québec: 
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Abstract 
Fuzzy logic controller is one of the most prominent research fields to improve 
efficiency for process industries, which usually stick to the conventional proportional-
integral-derivative (PID) control. The paper proposes an improved version of the three-
term PID-like fuzzy logic controller by removing the necessity of having user-defined 
parameters in place for the algorithm to work. The resulting non-parametric three-term 
dissimilarity-based clustering fuzzy logic controller algorithm was shown to be very 
efficient and fast. The performance study was conducted by simulation on armature-
controlled and field-controller DC motors, for linguistic type and Takagi-Sugeno-Kang 
(TSK) models. Comparison of the created algorithm with fuzzy c-means algorithm 
resulted in improved accuracy, increased speed and enhanced robustness, with an 
especially high increase for the TSK type model. 
Keywords: Three-term controller, PID controller, fuzzy systems, fuzzy logic 
controller, clustering algorithms 

1. Introduction  
Fuzzy logic, as opposed to classical true-false digital logic, is based on the idea that 
variables may take values continuously from 0 to 1. Values in regular Boolean logic 
can be only true or false (1 or 0). Fuzzy logic allowed creating machine control 
systems that calculated solutions on a scale rather than discretely on or off. This way, 
a machine could express behaviors that are different from “do” and “not do”, such as 
“do a little”, “do moderately”, etc. In many cases this approach allowed to build 
effective systems that operated smoothly.  

Being applied in many industries, research on fuzzy logic controllers (FLCs) 
resulted in algorithms improving more and more over the years. The research is still 
ongoing, and mathematic tools have improved drastically since the advent of the fuzzy 
logic controller. We, specifically, are interested in the three-term version of it, which 
combines the benefits of the almost century-old PID (or proportional–integral–
derivative controller) with fuzzy logic. The regular PID controller algorithms are to 
this day the most widely used in process industries, such as chemicals, 
pharmaceuticals, petroleum, coal, plastics, etc. PID-like FLC, on the other hand, is on 
the rise, and every year research produces increasingly complex and useful 
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algorithms. One of the main benefits of the three-term controller is that it better 
emulates how humans think, therefore allowing staff with much less training in 
control to design a particular control system.  

Clustering algorithms are used to group objects into clusters with high similarity 
between objects in the same cluster, and low similarity between objects in different 
clusters. For the purpose of this study, the dissimilarity measure was chosen. 
Therefore, the former statement could be reformulated as follows: these algorithms 
will group objects into clusters with low dissimilarity between objects in the same 
cluster, and high between objects in different clusters. The problem is that predefined 
user parameters affect the clustering and could be detrimental to the performance of 
the FLC.  

The main objective of this paper is to derive a clustering algorithm that, without 
parameters defined by the user, would generate a rule-base for a proportional-integral-
derivative-like FLC. The numerical data will be clustered based on the dissimilarity 
of the object’s “position”.  

2. Literature Review 
A lot of work has been put into the research of the FLC since Mamdani and Assilian 
introduced the concept in [1]. They applied their novelty controller to a simulated 
model of an industrial plant – a steam engine. Resulting from their study was a ground-
breaking conclusion that fuzzy set theory is applicable and useful in the design of 
controllers. They proved that an unstructured set an efficient algorithm could be 
derived from an unstructured set of heuristics.  

Esposito et al. in [2] reviewed different dissimilarity measures for symbolic 
descriptions, including Boolean and probabilistic descriptions. They provide an 
overview and mathematical basis for different approaches in calculating the 
dissimilarity measure in multivariate data using ASSO (analysis system of symbolic 
official data) software. The DISS module of the ASSO software was used to obtain 
dissimilarity measure with different methods. The VDISS module was used “for the 
visualization of dissimilarities by means of two-dimensional scatterplots and line 
graphs”.  

Gowda and Diday in [3], [4] propose symbolic clustering using their new 
dissimilarity measure. It is “non-parametric, hierarchical and agglomerative in 
nature”, and therefore is invaluable for our current research. They selected the least 
dissimilar mutual pair of objects by finding the ones with the smallest possible 
increase in the sum of squared error.  

The paper [5] of Appice et al. proposed a symbolic objects’ classification 
(clustering) method SO-NN as an extension of the k-nearest neighbor method, as a 
lazy learning approach. Their research resulted in a conclusion that the SO-NN 
method was able to show adaptive behavior by approximating the symbolic object’s 
unknown class value locally, while the prediction accuracy remained high. They also 
were able to compare different measures for dissimilarity, for both Boolean and 
probabilistic symbolic objects. Finally, they suggest that by weighting each variable 
separately to compute the dissimilarity between objects, it is possible to significantly 
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improve the predictive capability of the proposed symbolic objects nearest neighbor 
algorithm as compared to the conventional k-nearest neighbor classification. 

Malerba et al. in [6] were able to compare different dissimilarity measures and 
obtained controversial results. First, they established that a comparative investigation 
has never been done on dissimilarity measures to check their performance on real data. 
Then, they conducted the study with a data set for which there was a defined expected 
property. Among seven dissimilarity measures only two were found to exhibit stable 
behavior when applied to a real data set with understandable properties. They 
concluded that more extensive experimentation is required in this case. 

Djamal Ziani proposed an improved algorithm Minset-Plus in [7]. This algorithm 
was used to select discrimination variables from a set of symbolic objects. They 
conducted experiments on both real and generated databases, and compared the 
discrimination power and discrimination by extent between the two algorithms. The 
obtained results indicated good cluster selection with strong discrimination for any 
types of data. 

In [8], El-sonbaty and Ismail suggested a modified fuzzy c-means algorithms for 
clustering of symbolic objects. They tested it on real and simulated data sets and 
compared the results with those that could be found in the literature. Their new 
algorithm was said to surmount almost all of the drawbacks that come with clustering 
symbolic data using hierarchical algorithms. It was achieved through representing the 
clustering of symbolic objects as an optimization problem, where the function was 
constrained by specific boundary conditions.  

Ng et al. in [9] looked into updating the k-modes categorical data clustering 
algorithm (which is the k-means algorithm that uses a matching dissimilarity measure, 
frequency-based method and clusters’ modes instead of means) by using a new 
dissimilarity measure. Their results suggest that their improved version of the k-
modes is more efficient in clustering categorical data sets, which is proved using both 
mathematical means and experimentation. In particular, they found that the 
convergence and clustering efficiency is better with the new dissimilarity measure.  

3. Non-parametric dissimilarity-based clustering for designing a FLC 
In our previous study [10], various clustering algorithms that could be used to design 
a PID-like FLC were discussed. These algorithms require the determination of some 
parameters that affect the number of clusters to be generated. In next subsections, an 
algorithm based on Gowda and Diday’s dissimilarity measure is proposed.  

3.1. Composite objects 

Successive merging lies at the heart of agglomerative clustering methods. Merging is 
the process of gathering together, on the basis of the similarity or dissimilarity 
measures, two samples and assigning them a same-cluster membership or a label for 
further clustering [3], [4]. For example, let A and B be two objects; Gowda and Diday 
proposed to compose these two objects by consideration their minimum interval 
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which include both A and B. Due to non-interval data, the composite object O resulting 
from the merging of A and B is proposed as: 
 
     O = mean (A, B)                  (1) 

3.2. Mutual pair  

The concept of mutual pair consists of two elements that are part of two different 
groups of data. One element or object of one group Xi and a second element or object 
of a second group Xj, which share the same boundary, may have the highest similarity 
or the lowest dissimilarity. If one of the two previous conditions occurs effectively, it 
means that it constitutes a mutual pair.  

The two concepts are not technically the same condition, but similar to the 
mathematical concept of limit, the two conditions must occur for mutual pair 
condition. 

The concept of mutual nearest neighborhood, introduced by Gowda and Krishna 
[11], [12], is not exclusive for computer sciences. Still, it applies in biology with the 
condition of two or more cells that are physically one side to another, sharing similar 
chemical and biological characteristics. In computer sciences, there are common 
characteristics such as learning, editing, condensed nearest-neighbor rule, desegregate 
clustering, and error correction. 

3.3. Dissimilarity and similarity measures  

The relative positions of two points, named A and B, can be analyzed from a 
dissimilarity and similarity, considering the similar characteristics of two points of 
differences. The dissimilarity, named as D, is represented mathematically as a 
difference between the points "A" and point "B." The dissimilarity is as follows: 

 
                                                    D (A, B) = ‖ A – B ‖                          (2) 
 
The symbol “‖” shows an inner product norm metric, according to the Euclidian 

norm. It could be rewritten using the square root of a sum, as-is: 

 (3) 
The dissimilarity (D) is inside the norm, between 0 and 1, using the following: 

(4) 
The calculation considers D's value for a specific position, and its transformation 

considers the maximum and minimum value of dissimilarity. 

( ) ( )2

1
,

n

i i
i
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=

= −
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3.4. Dissimilarity measure-based algorithm (DMBA)  

The calculation of the dissimilarity measure-based algorithm (DMBA) can be 
developed in four steps, according to the following procedure [3], [4]: 
1. It is necessary to identify the system's different objects, using the letter X with 

the identification of the initial number of clusters N equal to number of objects. 
For example, X1, X2, …, XN. As was told previously, the number of clusters is a 
discrete value; and each cluster has a specific weight of 1. 

2. Calculate between the different points of the data the weighted dissimilarity Dw. 
The calculation considers the dissimilarity of a specific (Xi, Xj) object and the 
total amount of objects. The mathematical equation is the following: 

𝐷𝐷𝑤𝑤(𝑋𝑋𝑖𝑖, 𝑋𝑋𝑗𝑗) = 𝐷𝐷(𝑋𝑋𝑖𝑖, 𝑋𝑋𝑗𝑗). √
𝑛𝑛𝑖𝑖. 𝑛𝑛𝑗𝑗

𝑛𝑛𝑖𝑖 + 𝑛𝑛𝑗𝑗
 

(5) 
ni and nj represent the cluster weights for Xi and Xj, and the dissimilarity is given 
by D (Xi, Xj) that calculated using equation (3). The calculation provides a 
weighted measurement because the ratio is below a square root calculation. 
The number of clusters is reduced to 1. According to previous definitions, the 
pair of individuals is merged using a composite object using the lowest 
dissimilarity. 

3. Steps 2 must be repeated until the number of clusters is equal to 1. 
4. Calculate the cluster indicator (CI). The calculation considers three stages: “p”, 

“p+1” and “p-1”. The recommendation is to calculate the value of Rp for each 
stage and later determine the value of CI 
It is necessary to use the minimum dissimilarity for the current stage, the 
previous stage, and the forward stage in each stage. The higher this value, the 
more improper it is to merge the two objects of the mutual pair at this stage [3]. 
The use of a calculation loop is useful when there are a large number of clusters 
to calculate. The CI equation is the following: 

𝐶𝐶𝐶𝐶 =
𝑅𝑅𝑝𝑝

𝑅𝑅𝑝𝑝+1
 

(6) 
where 

𝑅𝑅𝑝𝑝 = 𝐷𝐷𝑚𝑚𝑚𝑚𝑚𝑚 at (𝑝𝑝)
𝐷𝐷𝑚𝑚𝑚𝑚𝑚𝑚 at (𝑝𝑝 + 1) +  𝐷𝐷𝑚𝑚𝑚𝑚𝑚𝑚 at (𝑝𝑝 − 1) 

(7) 

4. Developing the rule-base of the PID FLC using clustering algorithms 
Fuzzy system models basically fall into two categories [13]. The first category is 
linguistic models (LMs) that contains list of IF–THEN rules with vague predicates. 
The second category of fuzzy models called Takagi-Sugeno-Kang (TSK) method [14] 
where the rules have a fuzzy antecedent part and a functional consequent; essentially, 
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they are combination of fuzzy and non-fuzzy models. This section is a discussion of 
how both kinds of models can be applied in the design of a three-term FLC.  

4.1. Linguistic models as tools for three-term FLC representation 

Starting with the observed data pairs (ek, dek, sek, Uk) the clustering methods provide 
a collection of clusters and their centers (eCi, deCi, seCi, UCi). Each center can be viewed 
as a prototypical fuzzy point in the relationship between input and output, as shown 
in Figure 1.  

 
Figure 1: Three-dimensional data clustering for rule determination. 

It is proposed that the rules in the PID-like FLC rule-base are formed linguistically 
as follows: 
 
IF error is close to cluster i AND error-change is close to cluster i AND error-sum is 
close to cluster i, THEN control action is close to cluster i. 
 

                                             For i = 1 … C    (8) 
 

where C is the number of clusters. The cluster centers (eCi, deCi, seCi, UCi) of each 
fuzzy variable are considered to be the peaks of their membership functions. 

To achieve a systematic method of defining the membership functions of the 
antecedent fuzzy sets, the use of the Gaussian curve membership function is proposed: 

𝜇𝜇𝑖𝑖(𝑦𝑦) = 𝑒𝑒𝑒𝑒𝑒𝑒 (−(𝑦𝑦 − 𝑦𝑦𝑖𝑖
∗)2

2𝜎𝜎2 ) 

 (9) 
where y is the input vector, y*

i is the center of the cluster i, and  is the width of the 
cluster i. To compute the initial value of  for the clusters in the fuzzy variable X (e, 
de, se, and U), the following equation is proposed: 
 

𝜎𝜎 = Maximum point in 𝑋𝑋 − Minimum point in 𝑋𝑋
Number of clusters  

 (10) 
To refine the  value for each variable, the algorithm 1 is proposed. The use of a 

decrease_ratio of 0.7 and an increase_ratio of 1.05 is suggested. 
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Number of clusters  

 (10) 
To refine the  value for each variable, the algorithm 1 is proposed. The use of a 

decrease_ratio of 0.7 and an increase_ratio of 1.05 is suggested. 
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Algorithm 1: optimizing  values 
Input: initial  value for each variable 
Output: optimized  value for each variable 
1 Use eq. (10) to get the initial  value to each variable; 
2 Initialize SSE (sum-squared error) to large value; 
3 For i=1 to maximum number of epochs to refine all  
4    If SSE < sse_goal, break, end if 
5     For j=1 to minimum no. of epochs to refinement one  
6         Run the experiment and get new_sse; 
7         If (new_sse  SSE) 
8             SSE = new_sse; 
9             Save ;  
10            =   increase_ratio; 
11       else 
12           =   decrease_ratio; 
13      end if 
14   end for 
15 end for 

4.2. Takagi-Sugeno-Kang models as tools for three-term FLC representation  

A definition of the TSK rules in the PID-like FLC rule-base is proposed as follows: 
 

IF error (y1) is close to cluster i AND error-change (y2) is close to cluster i AND error-
sum (y3) is close to cluster i, THEN control action is ai1y1 + ai2y2 + ai3y3 + ai4 

 
     For i = 1 … C                           (11) 

 
This subsection contains a description of Chiu’s method [15], [16] for fuzzy 

model identification. His method for fuzzy model identification from data is based on 
the use of a cluster estimation method to create the rules and their initial parameters 
and then on the application of optimization algorithms to tune these parameters. Chiu 
uses a recursive least squares estimation algorithm to optimize the fuzzy model. The 
issue with this algorithm is that it is iterative and slow. To optimize the fuzzy model, 
the use of a singular value decomposition method is proposed. This is a non-iterative 
algorithm capable of obtaining the parameter estimates very quickly and reliably. 

4.2.1. Fuzzy model identification  

Consider a set of C cluster centers {c1, c2, ..., cC} in an M dimensional space. Let the 
first N dimensions correspond to input variables and the last M-N dimensions 
correspond to output variables. Each vector ci is decomposed into two components y*

i 
and z*

i, where y*
i contains the first N elements of ci (i.e., the coordinates of the cluster 

center in input space) and z*
i contains the last M-N elements (i.e., the coordinates of 
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the cluster center in output space). Given an input vector y, the degree to which rule i 
is fulfilled is defined as [15], [16]: 
 

𝜏𝜏𝑖𝑖 = exp (−‖𝑦𝑦 − 𝑦𝑦𝑖𝑖
∗‖2) 

 (12) 
The output vector z can be computed via: 

 

𝑧𝑧 =
∑ 𝜏𝜏𝑖𝑖𝑧𝑧𝑖𝑖

∗𝐶𝐶
𝑖𝑖=1

∑ 𝜏𝜏𝑖𝑖
𝐶𝐶
𝑖𝑖=1

 

 (13) 
To systematically define the membership functions of the antecedent fuzzy sets, 

the use of the Gaussian curve membership function as defined by (9) is proposed. 
Equation (10) should be used to compute the  value for the Gaussian curves.  

4.2.2. Optimizing the fuzzy model  

The use of different variables increases the complexity of the calculation. It is possible 
to optimize the fussy model with the use of a set of clusters by a direct way of 
calculation. The calculation requires the optimization of rules using several variables' 
linear function, better than using only a simple constant. That is, 
 

z*
i = Gi y  + hi              (14) 

 
where Gi is a matrix of (M-N)  N constant elements. To be consistent, hi is a vector 
with (M-N) constant elements. The z*

i expression is a linear function that allows it to 
calculate with low computational complexity. 

The optimization process of the equation is possible using the principle of the 
least-squares estimation procedure [14]. The equation for the calculation is: 
 

𝜌𝜌𝑖𝑖 = 𝜏𝜏𝑖𝑖
∑ 𝜏𝜏𝑗𝑗

𝐶𝐶
𝑗𝑗=1

 

(15) 
Equation (13) can then be rewritten as 

 

𝑧𝑧 = ∑ 𝜌𝜌𝑖𝑖

𝐶𝐶

𝑖𝑖=1
𝑧𝑧𝑖𝑖

∗ = ∑ 𝜌𝜌𝑖𝑖

𝐶𝐶

𝑖𝑖=1
(𝐺𝐺𝑖𝑖𝑦𝑦 + ℎ𝑖𝑖) 

(16) 
or 
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𝑧𝑧𝑇𝑇 = [𝜌𝜌1𝑦𝑦𝑇𝑇   𝜌𝜌1  … 𝜌𝜌𝐶𝐶𝑦𝑦𝑇𝑇  𝜌𝜌𝐶𝐶]

[
 
 
 
 
 
 
 𝐺𝐺1

𝑇𝑇

ℎ1
𝑇𝑇

 
⋮
 

𝐺𝐺𝐶𝐶
𝑇𝑇

ℎ𝐶𝐶
𝑇𝑇 ]
 
 
 
 
 
 
 

 

(17) 
where zT and yT are row vectors. With “n” input data points  in the form of y1, y2, ..., 
yn; the result of the matrix operation is the following: 

[
 
 
 
 𝑧𝑧1

𝑇𝑇

 
⋮
 

𝑧𝑧𝑛𝑛
𝑇𝑇]
 
 
 
 
=

[
 
 
 
 𝜌𝜌1,1𝑦𝑦1

𝑇𝑇   𝜌𝜌1,1  … 𝜌𝜌𝐶𝐶,1𝑦𝑦1
𝑇𝑇  𝜌𝜌𝐶𝐶,1

 
⋮
 

𝜌𝜌1,𝑛𝑛𝑦𝑦1
𝑇𝑇   𝜌𝜌1,𝑛𝑛  … 𝜌𝜌𝐶𝐶,𝑛𝑛𝑦𝑦𝑛𝑛

𝑇𝑇  𝜌𝜌𝐶𝐶,𝑛𝑛]
 
 
 
 

[
 
 
 
 
 
 
 𝐺𝐺1

𝑇𝑇

ℎ1
𝑇𝑇

 
⋮
 

𝐺𝐺𝐶𝐶
𝑇𝑇

ℎ𝐶𝐶
𝑇𝑇 ]
 
 
 
 
 
 
 

 

 (18) 
The value of i,j is evaluated in the value of yj. In the matrix operation, the product 

is confirmed by two sides. The left hand of the product is constant, while the second 
side of the matrix contains all the optimized parameters. 

The estimation of least-squares can be calculated with the following procedure: 
 

AX = B     (19) 
 

B's value is the output calculation; A is a constant matrix, and X is the parameters 
matrix to be calculated. Let us choose X in such a way that the following objective 
function J is minimized [17], [18]: 
 
                                     𝐽𝐽 = ‖𝐵𝐵 − 𝐴𝐴𝐴𝐴‖2

2 ≡ (𝐵𝐵 − 𝐴𝐴𝐴𝐴)−𝑇𝑇(𝐵𝐵 − 𝐴𝐴𝐴𝐴)             (20) 
 

To carry out the minimization, J is differentiated with respect to X and the result 
is equated to zero. Thus, 

 
𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕 = −2𝐴𝐴𝑇𝑇𝐵𝐵 + 2𝐴𝐴𝑇𝑇𝑋𝑋 = 0 

 (21) 
from which X can be solved as 
 

𝑋𝑋 = (𝐴𝐴𝑇𝑇𝐴𝐴)−1 + 𝐴𝐴𝑇𝑇𝐵𝐵 
 (22) 

In practice, the most reliable method of computing the pseudo-inverse of a matrix 
is the singular value decomposition (SVD). For an overview of the SVD, its theory, 
and numerical details, the reader is referred to [19]. 



276

JIOS, VOL. 45. NO. 1 (2021), PP. 267-286

NATSHEH DISSIMILARITY CLUSTERING ALGORITHM FOR... 

  

5. Performance analysis of the proposed design method 
In the next sections, the use of two performance measures with two simulated systems 
is proposed. The objective of the simulation is to demonstrate the feasibility of the 
proposed three-term design method when applied to second-order systems. A 
comparison of its performance with the performance of other clustering methods is 
carried out.  

5.1. Performance study 

To test the models, two performance measures have been chosen, which will be used 
to analyze the performance of the proposed methods for designing a FLC. They are:  
1. Accuracy: To design a PID-like FLC with clustering algorithms, the rise-time, 

overshoot, and settling-time performance measures will be omitted, because a 
teacher signal is used with these algorithms as a reference model. To validate the 
results, it is proposed that an accuracy criterion be employed. Accuracy means the 
correctness of the answer. In order to measure it, the use of the sum of squares for 
error is proposed. Thus, the smaller the error, the better the accuracy, and the 
larger the error, the worse the accuracy will be. The error here is the error between 
the output of the system under analysis and its reference model. 

2. Robustness: To measure robustness, it is proposed that the defuzzification method 
parameter be varied. During the design of the FLC, center of area (COA) was 
chosen as a defuzzification method. To measure the robustness of this controller, 
the use of bisector of area (BOA) as a defuzzification method [20] is suggested. 
The procedure used to implement this method shown in [24]. 
Two types of direct current (DC) motors are analyzed to examine the performance 

of proposed design methods: armature-controlled with fixed field and field-controlled 
with fixed armature current [21]. The same details and parameters as described in our 
previous studies [22], [23], [24], [25] were used for these two systems.  

For the clustering technique, the reference model with inputs [e, de, se]T and 
output U is used to designate the desired performance. To design a PID-like FLC using 
the fuzzy c-means (FCM) algorithm, the weighting exponent parameter q for the 
membership functions matrix M was chosen as 2.0 [26], [15]. To design a PID-like 
FLC with a subtractive algorithm, the cluster radius ra as 0.5 for all data dimensions, 
squash factor rb as 1.5, accept ratio as 0.5, and reject ratio  as 0.15 [15] were 
chosen. 

5.2. Simulation results  

The performance of the PID-like FLC design methods is examined by analyzing the 
transient response and accuracy in subsection 5.2.1 and robustness in subsection 5.2.2. 
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5. Performance analysis of the proposed design method 
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is proposed. The objective of the simulation is to demonstrate the feasibility of the 
proposed three-term design method when applied to second-order systems. A 
comparison of its performance with the performance of other clustering methods is 
carried out.  

5.1. Performance study 

To test the models, two performance measures have been chosen, which will be used 
to analyze the performance of the proposed methods for designing a FLC. They are:  
1. Accuracy: To design a PID-like FLC with clustering algorithms, the rise-time, 

overshoot, and settling-time performance measures will be omitted, because a 
teacher signal is used with these algorithms as a reference model. To validate the 
results, it is proposed that an accuracy criterion be employed. Accuracy means the 
correctness of the answer. In order to measure it, the use of the sum of squares for 
error is proposed. Thus, the smaller the error, the better the accuracy, and the 
larger the error, the worse the accuracy will be. The error here is the error between 
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2. Robustness: To measure robustness, it is proposed that the defuzzification method 
parameter be varied. During the design of the FLC, center of area (COA) was 
chosen as a defuzzification method. To measure the robustness of this controller, 
the use of bisector of area (BOA) as a defuzzification method [20] is suggested. 
The procedure used to implement this method shown in [24]. 
Two types of direct current (DC) motors are analyzed to examine the performance 

of proposed design methods: armature-controlled with fixed field and field-controlled 
with fixed armature current [21]. The same details and parameters as described in our 
previous studies [22], [23], [24], [25] were used for these two systems.  

For the clustering technique, the reference model with inputs [e, de, se]T and 
output U is used to designate the desired performance. To design a PID-like FLC using 
the fuzzy c-means (FCM) algorithm, the weighting exponent parameter q for the 
membership functions matrix M was chosen as 2.0 [26], [15]. To design a PID-like 
FLC with a subtractive algorithm, the cluster radius ra as 0.5 for all data dimensions, 
squash factor rb as 1.5, accept ratio as 0.5, and reject ratio  as 0.15 [15] were 
chosen. 

5.2. Simulation results  

The performance of the PID-like FLC design methods is examined by analyzing the 
transient response and accuracy in subsection 5.2.1 and robustness in subsection 5.2.2. 
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5.2.1. Transient response and accuracy  

The following subsection focuses on the performance of the armature-controlled DC 
motor, while subsection 5.2.1.2 focuses on the performance of the field-controlled DC 
motor.  

5.2.1.1 Armature-controlled DC motor system  
The CI for the armature-controlled DC motor system is shown in Figure 2. This figure 
shows that the DMBA generates only 5 clusters from 40 sampling points.  

 

Figure 2: Cluster indicator for armature-controlled DC motor system  

Figure 3 shows the step responses and accuracy of the armature-controlled DC 
motor system. The FCM algorithm used to generate 3 clusters and 5 clusters for 
comparison. It can be seen how the controller output gets close to the reference model 
as more clusters are considered. The subtractive algorithm generates only one cluster 
for this system, so it cannot be used with this model. A comparison between the SSE 
for the linguistic-type DMBA and other controller shows that they are comparable. 
Note that SSE for the DMBA is significantly smaller than the SSE for the other 
controller. Thus, we can conclude that no over-transient response occurs with DMBA 
method. 

Figure 4 shows the step responses and accuracy of the armature-controlled DC 
motor system using the FCM algorithm (used to generate 5 clusters), the subtractive 
algorithm, and the DMBA for the TSK-type model of the PID-like FLC. In figure 4-
B, the values of SSE for FCM and DMBA are multiplied by ten to the power of 
negative seven which mean they are clearly more accurate than the subtractive 
clustering algorithm. 
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(A-1) FCM with 3 clusters and 5 clusters      (A-2) Proposed non-parametric DMBA. 

                                  (B) Accuracy of clustering algorithms. 
Figure 3: Step responses (A) and accuracy (B) of armature-controlled DC motor system 

using clustering algorithms used to develop linguistic type model PID-like FLC. 

Actually, in that very small range of values for SSE we can say the accuracy of 
the two algorithms is almost the same and that is clear from the figure 4-A. 

5.2.1.2 Field-controlled DC motor system  

The cluster indicator (CI) for the field-controlled DC motor system using DMBA is 
shown in Figure 5. This figure shows that the DMBA generates 5 clusters from 40 
sampling points.  
Figure 6 shows the step responses and accuracy of the field-controlled DC motor 
system using the FCM algorithm (used to generate 5 clusters) and the DMBA to 
develop a linguistic-type model of the PID-like FLC. 
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(A-1) FCM with 3 clusters and 5 clusters      (A-2) Proposed non-parametric DMBA. 

                                  (B) Accuracy of clustering algorithms. 
Figure 3: Step responses (A) and accuracy (B) of armature-controlled DC motor system 

using clustering algorithms used to develop linguistic type model PID-like FLC. 

Actually, in that very small range of values for SSE we can say the accuracy of 
the two algorithms is almost the same and that is clear from the figure 4-A. 

5.2.1.2 Field-controlled DC motor system  

The cluster indicator (CI) for the field-controlled DC motor system using DMBA is 
shown in Figure 5. This figure shows that the DMBA generates 5 clusters from 40 
sampling points.  
Figure 6 shows the step responses and accuracy of the field-controlled DC motor 
system using the FCM algorithm (used to generate 5 clusters) and the DMBA to 
develop a linguistic-type model of the PID-like FLC. 
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               (A-1) FCM and DMBA.                   (A-2) Subtractive clustering algorithm. 

              (B-1) FCM and DMBA.                    (B-2) Subtractive clustering algorithm. 
Figure 4: Step responses (A) and accuracy (B) of armature-controlled DC motor system 

using clustering algorithms used to develop TSK type model PID-like FLC. 

The subtractive algorithm generates only one cluster for this system, so it cannot 
be used to develop a linguistic-type model of the PID-like FLC.  

The system obtained with the controller responds to load disturbances and 
measurement noise. This is observed from Figure 6-A. The overshoot for setpoint 
changes is smallest for DMBA, which is the case to avoid large transients in the 
control signal due to sudden changes in the setpoint. Even though it generates higher 
SSE values for DMBA compared with FCM, as shown in Figure 6-B, the transient 
response for both algorithms is almost the same which is clearly shown in Figure 6-
A. 
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Figure 5: Cluster indicator for field-controlled DC motor system using DMBA 

  (A) FCM and DMBA.         (B) FCM and DMBA. 
Figure 6: Step responses (A) and accuracy (B) of field-controlled DC motor system using 

clustering algorithms used to develop linguistic type model PID-like FLC. 

Step responses of field-controlled DC motor system using FCM and DMBA used 
to develop TSK type model PID-like FLC is similar to figure 4-A. It can be seen that 
the step response results by these methods is better than the subtractive clustering 
algorithm shown in figure 7-A. Where, zero overshoot achieved in FCM and DMBA 
methods. The figure 7-B shows that the proposed DMBA tuning method works more 
precisely than other tested controllers. 
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the step response results by these methods is better than the subtractive clustering 
algorithm shown in figure 7-A. Where, zero overshoot achieved in FCM and DMBA 
methods. The figure 7-B shows that the proposed DMBA tuning method works more 
precisely than other tested controllers. 

JOURNAL OF INFORMATION AND ORGANIZATIONAL SCIENCES 

  

      (A) Subtractive clustering algorithm. 

 (B.1) FCM clustering algorithm.     (B.2) Subtractive clustering algorithm. 

     (B.3) Proposed non-parametric DMBA. 

Figure 7: Step responses (A) and accuracy (B) of field-controlled DC motor system 
using clustering algorithms used to develop TSK type model PID-like FLC. 
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5.2.2. Robustness test  

The following subsection analyzes the robustness of the PID-like FLC design methods 
when varying the defuzzification method from center of area (COA) to bisector of 
area (BOA). This test cannot be used with the TSK-type model. The only 
defuzzification method that can be used with this model is the weighted average 
method, because the fuzzy output does not have a geometric shape. 

Figures 8 and 9 show the step responses and accuracy of the armature-controlled 
DC motor and the field-controlled DC motor respectively, using the FCM algorithm 
(used to generate 5 clusters) and the DMBA to develop a linguistic-type model of the 
PID-like FLC. It is shown that there is a substantial improvement in the time domain 
specification in terms of lesser rise time, settling time and overshoot using DMBA 
algorithm. Hence this method is a robust design method for determining the PID 
controller parameters. 

           A.1 FCM clustering algorithm.                   A.2 Non-parametric DMBA 

  B.1 FCM clustering algorithm.       B.2 Non-parametric DMBA 

Figure 8: Robustness test to varying of defuzzification method for armature-controlled DC 
motor system: (A) Step responses and (B) Accuracy test. 
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  B.1 FCM clustering algorithm.       B.2 Non-parametric DMBA 
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                             A.1 FCM.                       A.2 Proposed non-parametric DMBA. 

                                          B. Accuracy of clustering algorithms. 
Figure 9: Robustness test to varying of defuzzification method for field-controlled DC motor 

system using clustering algorithms used to develop linguistic type model PID-like FLC. 

5.2.3. Discussion  

The graphs in the Section 5 provide an outlook at the effectiveness of the proposed 
non-parametric DMBA applied to create linguistic type and Takagi-Sugeno-Kang 
(TSK) type models of three-term fuzzy logic controllers. In graphs for the armature-
controlled DC motor system with linguistic type model, the following results were 
obtained. The sum of squared error is increasing exponentially with time for the FCM 
and subtractive algorithms, while for the DMBA it is linear. Therefore, DMBA in this 
case is superior in terms of accuracy. As for the TSK type model used for the armature-
controlled DC motor system, the sum of squared error is also lower for the DMBA, 
proving its increased correctness.  

The simulation graphs for the robustness test show that non-parametric DMBA is 
more accurate and robust when different defuzzification methods are applied. Also, 
from the graphs we can conclude that TSK type model shows better accuracy than the 
linguistic type model.  

The transient response for FCM and DMBA is almost the same for many cases 
studied in this paper. The main problem of supervised FCM clustering algorithms is 
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determination of the number of clusters that satisfactorily represent the system. 
Besides that, FCM have another problem. It requires determination of some 
parameters that will affect (increase/decrease) the number of generated clusters. 
Unsupervised DMBA clustering algorithms solve these problems.  

6. Conclusions  
Three-term PID-like fuzzy logic controllers better simulate the decision-making 
process of humans. Therefore, engineers are not required to understand everything in 
the complicated mathematical apparatus to set up a control system. On the other hand, 
a problem arises that there are parameters that a user has to define manually for the 
clustering algorithm to start working. This step affects the amount of generated 
clusters and could be deemed unnecessary and excessive. As an attempt to find a 
solution, we proposed a non-parametric dissimilarity clustering algorithm.  

Resulting from the performance study, we identified that the dissimilarity 
measure based clustering algorithm is more accurate than regular FCM and 
subtractive clustering algorithms. Together with singular value decomposition the 
proposed dissimilarity measure based algorithm has been shown to be fast and reliable 
in terms of construction of a fuzzy model from numerical data input. The algorithm 
shows improved accuracy, increased speed and enhanced robustness as compared to 
the FCM and subtractive clustering algorithms for both linguistic type and Takagi-
Sugeno-Kang type models. We also conclude that the latter perform better than the 
former. 
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a problem arises that there are parameters that a user has to define manually for the 
clustering algorithm to start working. This step affects the amount of generated 
clusters and could be deemed unnecessary and excessive. As an attempt to find a 
solution, we proposed a non-parametric dissimilarity clustering algorithm.  

Resulting from the performance study, we identified that the dissimilarity 
measure based clustering algorithm is more accurate than regular FCM and 
subtractive clustering algorithms. Together with singular value decomposition the 
proposed dissimilarity measure based algorithm has been shown to be fast and reliable 
in terms of construction of a fuzzy model from numerical data input. The algorithm 
shows improved accuracy, increased speed and enhanced robustness as compared to 
the FCM and subtractive clustering algorithms for both linguistic type and Takagi-
Sugeno-Kang type models. We also conclude that the latter perform better than the 
former. 
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Abstract 
With the rapidly growing amount of information on the internet, real-time system is 
one of the key strategies to cope with the information overload and to help users in 
finding highly relevant information. Real-time events and domain-specific 
information are important knowledge base references on the Web that frequently 
accessed by millions of users. Since real-time data have only a short time to live, real-
time models have to be continuously adapted, ensuring that real-time data are always 
up-to-date. The focal point of this manuscript is for designing a real-time web search 
approach that aggregates several web search algorithms at query time to tune search 
results for relevancy. The evaluation showed that the proposed approach outperforms 
the traditional models and allows us to adapt the specific properties of the considered 
real-time resources. Compared with offline approach, Wikipedia implication was 
highly improved the relevancy of our real-time approach, 0.405 for precision and 
0.430 for nDCG, the average search duration was 4.9 ± 3.2s (N = 1000 searches or 
queries). The mean search duration to each individual resource was between 0.05s 
and 4.55s. The average system runtime or system overhead was 0.12s, whereas, the 
deadline for receiving responses from all resources over the network was 10s. 
Overall, the proposed outcomes were significantly better than those available in 
similar methods presented previously, it is highly relevant for today searched queries, 
consistent in its performance, and resilient to the drawbacks faced by other 
algorithms. 
Keywords: Wikipedia, Resources Correlation, Federated Search, Web Mining, 
Vector Space Model 

1. Introduction  
Crawling and indexing immense volume of web content has been a new challenge. 
Web has drastically moved the way of presenting and anticipating information. Its 
international ecosystem of applications and services platform allows us to search, 
aggregate, combine, transform, replicate, cache, and archive the information that 

UDC 004.738.52
Original Scientific Paper     Open Access



288

JIOS, VOL. 45. NO. 1 (2021), PP. 287-308

AL-AKASHI AND INKPEN REAL TIME WEB SEARCH FRAMEWORK... 

  

underpins today’s digital society. Despite its chaotic growth and having barely 
entered its serious years, it's the biggest and least formal integral project ever 
attempted. Today, users are the direct consumers of the services offered by the 
majority of today’s web applications. Given its success in managing user 
information needs at such phenomenal scale, this raises the question: how the Web’s 
underlying architectural would be used to building a federated system that able to 
deal with such kind of massive data, particularly the kinds of distributed systems 
typically implemented by enterprise applications and developers? One solution to 
deal with such phenomena is to use a federated index platform which is a special 
kind of array that ensembles similar topics of documents in each vertical, such index 
is generic in nature that efficiently lookup any of the index-key topics [1]. To 
involve this technique, web search algorithms use a web crawler which is an internet 
bot that systematically browses content and collects data. Due the volume of internet 
is growing up, the largest crawler might unable to create a complete index and 
search algorithms have extreme difficulties in finding relevant search results. 
Although this is slightly improved by modern search models and relevant results are 
now available instantly, they are still not refreshed adequately. To address this, some 
search models have used different crawlers for different topics; for example, an 
academic-focused crawler is used to access only academic-related documents. 
Although the process of indexing prioritizes of one task over another, indexing the 
whole collection created in different periods is highly challenged. This means that 
the collection is still not refreshed unless the indexing process is created at query 
time. As a consequence, searching the internet with broad queries tends to produce 
results or conclusions that differ systematically from the truth [2]. Such search 
technique is knotted as the quality of data in each web resource that cannot be 
assessed through analyzing its content alone [3].  

In this paper, we tend to use a canonical real-time model for collaborating 
information on the basis of different information computations between web 
resources. Studying the impact of information quality value and communication cost 
aims to show different resources are optimal for different informational need. Within 
the context of real-time system design, we tend to be able to address many analysis 
problems like handling words with multiple meanings (polysemy), user modeling, 
cooperation among agents, and communication between user and resources. It’s 
necessary to grasp the state-of-the-art applied to information quality and information 
optimization in Web resources to conduct a study regarding the benefits and 
shortcomings that the system presents. Different resources used in every topic means 
different algorithms are involved since each resource associates with different 
features for its algorithm. Despite researchers have recommended using authoritative 
indexes for specific queries, but indices still require more information for each 
resource to produce reliable content. Learning to rank tends to be a solution to 
narrow diverse queries but it could not distinguish between authoritative and non-
authoritative content [4]. As a result, the probabilistic models for task specific 
category based grasping had been alternative solutions. Web connectivity is relevant 
topically and search services have turned to information of resources rather than web 
content itself, Ding et al. [5] and Lawrence and Giles [6] and Kaptein et al. [7] 
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showed how the external resources were important to improve the quality of data. 
However, the federated search is the last attempt to handle such problem, but 
generalizing Web search task involves more challenges than federated search for 
specializing Web search task [8]. Various resources in common topics mean 
encompassed several different algorithms because each resource is usually treated 
with combination of different features. Grouping high-level resources in different 
topical federated verticals is very important at this time. This helps efficient adhoc 
queries without need to create different indices for different sets of topics. Indexing 
real-time data for real-time query searches is challenge since new data, e.g. micro-
blogs, news, tweets... etc. created in a short term meanwhile user query functions 
remain permanently changeable  over time [9]. However, we aim to address all 
discussed challenges by exploiting the adaptation technology for developing our 
previous offline web search algorithm, which was the best ranking model according 
to the TREC evaluation campaign, to real-time search model. 

The rest of paper is organised as follows: Section 2 outlines some related works 
to our model. Section 3 describes how we formulated our approach by discussing 
features and other signals exploited in the algorithm. Section 4 details the 
experimental results. Section 5 lists some challenges that faced our experiments, and 
finally, Section 6 will provide conclusion remarks 

2. Related Work 
Federated  search, social search, real-time search and aggregated search are kinds of 
adaptive searches. Building an efficient adapted learning model remains challenge 
and several concerns faced this obstacle such as communication, scalability, 
heterogeneousness of data, and privacy. Researchers addressed some of the 
communication and scalability challenges in federated learning using some efficient 
communication in federated learning methods with provable performance 
guarantees. Meta adaptive index introduces valid alternatives for a large number of 
non-adaptive indexes or specialized indexes and improves runtime, robustness, and 
convergence speed over the standard methods [10]. Adaptive indexing in real time 
search e.g. twitter was proposed by [11] to provide trends including 
recommendations, recognition, and manual and automated searches. Arya et al. [8] 
proposed a personalized federated search at LinkedIn; they proved that federated 
searches for generalized Web search engines present more problems than federated 
searches for specialized tasks. Some heterogeneous methods simulate large set of 
particularized indexes. Experimental tests showed how the traditional real-time 
indexes were comparable with the traditional offline index, and there was a superior 
performance with different workloads and an average speed limit 2x. However, 
several researchers were argued for demonstrating the importance of adaptive 
search, e.g. [1, 12, 13, 14, 15, 16]. Nevertheless, unlike traditional Web search 
engines that typically blend either a block of results or individual results from 
different verticals [17]. Some models used particular offline data and resources for 
their indexes, researchers [22] explored additional idea for building an efficient 
index over offline Web page collection while their algorithm ranked as the best run 
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the context of real-time system design, we tend to be able to address many analysis 
problems like handling words with multiple meanings (polysemy), user modeling, 
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necessary to grasp the state-of-the-art applied to information quality and information 
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shortcomings that the system presents. Different resources used in every topic means 
different algorithms are involved since each resource associates with different 
features for its algorithm. Despite researchers have recommended using authoritative 
indexes for specific queries, but indices still require more information for each 
resource to produce reliable content. Learning to rank tends to be a solution to 
narrow diverse queries but it could not distinguish between authoritative and non-
authoritative content [4]. As a result, the probabilistic models for task specific 
category based grasping had been alternative solutions. Web connectivity is relevant 
topically and search services have turned to information of resources rather than web 
content itself, Ding et al. [5] and Lawrence and Giles [6] and Kaptein et al. [7] 
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in the Web diversity task. They managed the collection and exploitation of 
knowledge in Wikipedia for enhancing the relevancy of topics’ predictions and 
findings. Our proposed approach exploited this technique for aggregating individual 
results from verticals and/or blocks of verticals, normalized some difficult features, 
and finally, produced relevancy rank which is comparable across verticals’ results 
and its features (i.e., individual vs. block). When we started to scrape results from 
independent Web search resources in all predictive kinds, we hoped to inspire a 
research that is able to come up with elegant and efficient solutions to the distributed 
search. To the best of our knowledge is all existing real-time indexing techniques 
focus on creating only single dimensional indices that is not suited to an efficient 
and effective task. Traditional models fail to index large size of data in real-time, or 
sometimes, fall short of providing flexible data retrieval capabilities and scalable 
indexing services [1]. The University of Glasgow [27] used reformulations 
algorithm for the user’s initial query with a Terrier data-driven learning algorithm 
which was a learning-to-rank logistic regression platform for the fast computation of 
document features. The model was based on gradient-boosted regression trees. In 
logistic regression, interaction could be included through various degrees of terms’ 
interactions, and consequently, the uogTr algorithm technically faced computational 
challenges with model estimation and poor fit. The exponentially increasing Internet 
contents along with the rapid expansion of Web applications caused the problem of 
information overload. One solution to resolve the above problem is to personalize 
the network applications for individual users [18]. However, recommending web 
pages for users is another solution; Kim [19] proposed a system that learns user 
interests by reading the user's bookmark items and monitoring user’s behaviour. 
Based on the automatically constructed user profile, it collects and filters web pages 
to recommend related web pages as bookmark items.  

3. The Proposed Approach 
The goal of our approach, as shown in Figure 1, is to achieve and benefit from the 
popular global indices available in the public resources over the Internet while the 
cost of index creation is the main assumption. While hiding or minimizing index is 
important, it seems to turn side effects to read only queries into update transactions 
which sometimes form locking argument. Despite all the difficulties and the 
challenges that faced, concurrency controlling in the context of federated indices is 
very important. Implementing and controlling federated network rigorously 
separates index structures from index contents which minimizes the requirements 
and other constraints during index creation. It confirms the fact that federated 
indices iterated continuously and take advantages of concurrency assumptions. 
However, federated index must: (a) preserve its advantages even when evolving to 
run synchronizing queries, (b) utilize the parallelism opportunity for concurrent 
queries, and (c) follow the overheads of federated behavior, e.g. the number of 
concurrent conflicts and other concurrency assumption. The federated search 
requires centralized coordination of the searchable resources, and this assumption 
does not exist in distributed search. This involves both coordination of the queries 
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transmitted to the individual search algorithms and fusion of the search results 
returned by each algorithm. Our proposed algorithm is composited from several 
resources bunched topically in labeled verticals. The technique for selecting the 
relevant resources and grouping them in verticals will be discussed below. 
 

 

Figure 1. Our overall approach  

3.1. Verticals Modeling 

Classifying and grouping articles topically into verticals is important to reduce the 
margining of user’s needs. Labelling vertical topics is an essential step in the 
federated indices [20]. Determining topics in the distributed resources requires a 
pool of intelligent data be able to classify the web resources into topical verticals. In 
Internet, knowledge is controlled by some important resources e.g. Word Press, 
Wikipedia, etc. Wikipedia is a knowledge-based system that continually being 
revised and updated, and articles on historic events can be accessed within minutes 
rather than months or years. Since professionals can update and improve it, 
Wikipedia has become the most comprehensive knowledge and information resource 
to date. In addition to quantity, contributors also address content quality, which 
makes Wikipedia a continuous work-in-progress with millions of articles in various 
stages of completion. As articles developed, they tend to become more diverse and 
balanced, and the quality improves over time as misinformation and other errors are 
removed or repaired. Due to these characteristics, our approach to vertical 
classifications is based on the relationship between the Wikipedia content and topic 
specification. Wikipedia has a list of major topic classifications that used to organize 
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the presentation of links to articles in various categories1. First of all, all articles in 
Wikipedia corpus have been read to tokenize the first blocks and extracting the 
required keywords. For example, the first block in the ‘lymphoma’ article is 
“Lymphoma is a group of blood cancers that develop from lymphocytes (a type of 
white blood cell). The name often refers to just the cancerous versions rather than 
all such tumors”. Hence, the target keywords are ‘cancer’, blood’, ‘cell’, and 
‘tumor’, and all keywords are related to a topic “disease” which later be label of 
vertical. Another example, a query “University of California” returns “The 
University of California (UC) is a public university system in the U.S. state of 
California. Under the California Master Plan for Higher Education…”; the target 
keywords are ‘Education’ and ‘University’. Table 1 shows sample of vertical names 
and the relative keywords. 
 

Keywords Verticals 

Actress, maker, player, born, former, president, minister, … People 

Benign, tissue, tumor, disease, diagnosis, cancer, blood, stomach, … Disease 

University, School, Faculty, Institution, Academy, Education, … Academic 

Diet, Overweight, Sport, Olympic, game, activity, skills, racing, … Sport 

Tax, Property, Money, Finance, Fund, taxpayer, income, payment, ... Finance 

Brand, Goods, Hardware, Software, Game, Machine, Money, … Shopping 

Sport, Diet, Overweight, Food, Recipe, Health, Well-being,…. Health 

Why, What, How, Where, Cause, Reason, Fact, Question, Answers, … Q /A 

Country, City, Capital, State, Location, Place, Geography, Street,, … Place 

Table 1. Vertical names and its keywords 

However, computing the impact of keywords in the first block of each article refers 
specifically to term impact in the entire document content [2]. Such an algorithm is 
relevant because Wikipedia also computes the relevancy of terms in the documents 
to classify their contents into different topics. The algorithm below shows pseudo 
codes for assigning vertical names. 
 
ALGORITHM 1: Vertical Modeling 
 
Inputs:   Individual keywords from Wikipedia (W) and Query (Q) 
Output:  Aggregated Resources in Vertical 

  Q ← query string, W ← Wikipedia vector, V ← Vertical, S← Resource 
   t[ ] tokenize Q, f[ ]  tokenize W 

 
1 https://en.wikipedia.org/wiki/Category:Main_topic_articles 



293

JIOS, VOL. 45. NO. 1 (2021), PP. 287-308

AL-AKASHI AND INKPEN REAL TIME WEB SEARCH FRAMEWORK... 

  

the presentation of links to articles in various categories1. First of all, all articles in 
Wikipedia corpus have been read to tokenize the first blocks and extracting the 
required keywords. For example, the first block in the ‘lymphoma’ article is 
“Lymphoma is a group of blood cancers that develop from lymphocytes (a type of 
white blood cell). The name often refers to just the cancerous versions rather than 
all such tumors”. Hence, the target keywords are ‘cancer’, blood’, ‘cell’, and 
‘tumor’, and all keywords are related to a topic “disease” which later be label of 
vertical. Another example, a query “University of California” returns “The 
University of California (UC) is a public university system in the U.S. state of 
California. Under the California Master Plan for Higher Education…”; the target 
keywords are ‘Education’ and ‘University’. Table 1 shows sample of vertical names 
and the relative keywords. 
 

Keywords Verticals 

Actress, maker, player, born, former, president, minister, … People 

Benign, tissue, tumor, disease, diagnosis, cancer, blood, stomach, … Disease 

University, School, Faculty, Institution, Academy, Education, … Academic 

Diet, Overweight, Sport, Olympic, game, activity, skills, racing, … Sport 

Tax, Property, Money, Finance, Fund, taxpayer, income, payment, ... Finance 

Brand, Goods, Hardware, Software, Game, Machine, Money, … Shopping 

Sport, Diet, Overweight, Food, Recipe, Health, Well-being,…. Health 

Why, What, How, Where, Cause, Reason, Fact, Question, Answers, … Q /A 

Country, City, Capital, State, Location, Place, Geography, Street,, … Place 

Table 1. Vertical names and its keywords 

However, computing the impact of keywords in the first block of each article refers 
specifically to term impact in the entire document content [2]. Such an algorithm is 
relevant because Wikipedia also computes the relevancy of terms in the documents 
to classify their contents into different topics. The algorithm below shows pseudo 
codes for assigning vertical names. 
 
ALGORITHM 1: Vertical Modeling 
 
Inputs:   Individual keywords from Wikipedia (W) and Query (Q) 
Output:  Aggregated Resources in Vertical 

  Q ← query string, W ← Wikipedia vector, V ← Vertical, S← Resource 
   t[ ] tokenize Q, f[ ]  tokenize W 

 
1 https://en.wikipedia.org/wiki/Category:Main_topic_articles 

JOURNAL OF INFORMATION AND ORGANIZATIONAL SCIENCES 

  

   forEach (m)  in (T),  forEach (n)  read  (f) 
   if  (m==n) then for i=1 to length(V) 
   V→ List.Add(Si) 

 Return:  Resources List  

3.2. Resources Modeling  

Federated search often integrates disparate information resources within a single 
large organization ("enterprise") or for the entire web. Researchers typically classify 
web resources and type of user queries into three categories: navigational, 
information, and transactional [21]. Similarly, information belong to one category is 
specified to a particular area of interest, and resources belong to the same category 
were not ranked equally. Global rankings based on ‘Alexa.net2’ ranks resources 
differently and the weight of resource is equal to the number of visits. Our approach 
for resource selection is adequate to use this assumption, that is, each vertical selects 
the top resources that utilize better services than others as reported by a global rank. 
The key abstraction of data in REST may be a resource. Any data provider is a 
resource, e.g. document or image, temporal service (e.g. "today's weather in Los 
Angeles"), group of alternative resources, non-virtual object (e.g. in alternative 
words, associative conception which may be the target of an author's machine-
readable text reference that matches among the definition of a resource. A resource 
may be an abstract mapping to a group of entities, not the entity that corresponds to 
the mapping at any specific purpose in time. It is vital to select the proper resources 
and model them at the proper graininess. GitHub API is an example of a fairly 
elegant API model that used within the right resources. A resource must capture 
dataflow and dependencies among the functional elements in federated systems, at 
that point, each vertical might hold few or several resources belong to similar topics. 
Given a query, a list of resources and related knowledge about resource feedback 
and network conditions are important to exploit. The resource selection approach 
produces a ranking list of resources ordered by the query and the impact on the 
network conditions. Resource selection includes balancing network resource 
consumption against response quality [9]. We can look at the properties of specific 
search terms or introduce ancillary query components such as the information 
sought. The resource specification algorithm creates search plan in two steps, in the 
first step, resources are ranked with respect to the query and current network 
conditions, and in the second step, concurrency must be computed as the number of 
resources simultaneously searched. Resources are ranked by predicting which has 
the highest probability to return relevant results, which includes hosting a query 
score in the server with the expected waiting time and the number of results returned 
in specific interval. The query score is computed by determining the relevancy 
weight for each resource that corresponds to the query terms, which means, the 
weights are divided by the total feedback of resources that returned from a vertical.  
 

 
2 http://www.alexa.com 
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For a user’s query, the method includes identifying highly-relevant resources 
that match the query, wherein each online resource is associated with returned 
results in particular time interval. Obtaining a respective query-specific score for 
each resource matches the query, identifying one or more relevant resources 
according to the query specific scores. Thus, the query score 𝑄𝑄𝑟𝑟,𝑞𝑞 of resource ‘r’ and 
query string ‘q’ was computed as: 

                     𝑄𝑄𝑟𝑟,𝑞𝑞 = ∑ 𝑤𝑤𝑡𝑡,𝑟𝑟
 𝑊𝑊𝑟𝑟𝑡𝑡∈𝑞𝑞                                                       (1) 

where 𝑤𝑤𝑡𝑡,𝑟𝑟 is the weight of query term t in resource r, and 𝑊𝑊𝑟𝑟 is the sum of all 
weights for resource r matches query q. 

The scores were normalized by adding the performance information of resource, 
by which, the five most recent queries for resource r used to compute the average 
number of hits 𝐻𝐻𝑟𝑟 and average response time 𝑇𝑇𝑟𝑟. The performance information of 
resources was combined in the fraction: 

 Pr = 𝐻𝐻𝑟𝑟
100 .𝑇𝑇𝑟𝑟

                                                             
(2) 

The denominator is multiplied by an arbitrary constant of 100, making the 
performance data and magnitude smaller than the score data. The goal was to rank 
the better resources utilizing index data alone, and then normalized with respect to 
the global world rank using resource popularity rank 𝑃𝑃𝑃𝑃𝑃𝑃𝑟𝑟 which was utilized at 
Alexa.net3. The two computations were combined to determine the overall rank 𝑅𝑅𝑟𝑟,𝑞𝑞: 

   𝑅𝑅𝑟𝑟,𝑞𝑞=(𝑄𝑄𝑟𝑟,𝑞𝑞+𝑃𝑃𝑟𝑟) /𝑃𝑃𝑃𝑃𝑃𝑃𝑟𝑟                                        (3) 

Appendix (A) shows the topical classification of our selected resources in each 
vertical whereas Appendix (B) shows the topical classification of resources in each 
vertical involved by related approaches.  

On another side, simultaneous between resources is the first and foremost 
challenge that every federated network has to face. The purpose of simultaneous 
calculation is to reduce the resources costs generated by queries in a period of high 
network disturbance and machine traffic. Concurrency is inversely proportional to 
query cost; the higher cost of submitting resource search queries, the fewer search 
services will be queried. Concurrency is computed from three cost variables: global 
network load, local CPU load, and query discrimination value. Ideally, long queries 
mean high discrimination and low CPU cost, and vice versa. In addition, the 
expected network load should be estimated by timely inter-networks traffic, and 
since this is difficult to assess, the typical load must be computed at a particular time 
of day, as shown in Figure 2.  

A high value of concurrency contribution occurs during periods of low network 
load, (e.g. 3:00 am), and vice versa. The discrimination value addresses how many 
resources are likely needed for each vertical to find a satisfactory response, by 

 
3 http://www.alexa.net  
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3 http://www.alexa.net  
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measuring how specified or generalized the query is against the resources. If a term 
has a relatively high number of results and contributions of resources (e.g. London), 
it presumably represents an area with many resources covering the topic; thus, we 
expect fewer resources will need to be queried. If a query has little or no results, 
(e.g. Cheilitis), we need to search more resources to find relevant results. 

 

 
Figure 2. Overall traffic throughout the day 

3.3. Query Processing  

Query processing is an essential part in the federated search, as it includes: 
determining the type, searching, and normalizing of a query. To ascertain the type, it 
was submitted subsequently to three web resources: Wikipedia, Twitter, and Word 
Press, the responses were analyzed to find the requested verticals. More contrast, 
submitting a query “lipoma” to the Wikipedia web service using a request REST 
API; it will return “A lipoma is a benign tumor made of fat tissue. They are 
generally soft to the touch, movable, and painless. They usually occur just under the 
skin, but occasionally may be deeper.” The target keywords are ‘benign’, ‘tumor’, 
‘tissue’, and ‘skin’ that point to the vertical “Disease”. We used a syntactic 
similarity keywords matching as shown in Table 1 for corresponding vertical name 
and its topic. If a vector is specified, the system will forward the query to all 
resources belong to that vertical, wherein the returned results will be stored for 
strictly ranking. Although term frequency is important for measuring the 
occurrences of terms and then specifying the topics of documents in resources, it is 
important to look for different types of document configurations. Two document 
vectors with the same term occurrences might have different relevancy, because the 
user preferences are not the same as our current preferences. Al-akashi and Inkpen 
[22] addressed this by applying ‘term impact’ rather than term frequency. Term 
impact computes the weight of each term in a vector based on certain features. Each 
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vector was mapped to the resource impact factor computed by cosine similarity 
between two vectors. The first vector represents the occurrences of terms in a 
document, and the second represents the query terms. The length of a document 
vector is inversely proportional to the terms in the query vector. The normalized 
cosine similarity formula is shown below: 

                                  Similarity (D, Q) = ∑ (𝑄𝑄𝑗𝑗)2

√(𝑄𝑄𝑗𝑗)2  ∗ √ ∑ 𝑡𝑡𝑓𝑓(𝑄𝑄𝑖𝑖) 
 
2𝑛𝑛

𝑖𝑖=1

𝑚𝑚
𝑗𝑗=1                         (4) 

where m denotes the length of the query terms, Q represents the occurrence of terms 
in document vector D, Qj denotes the occurrence of the query term j in D, n 
represents the number of terms in D and tf(Qi)  denotes the impact of the query term 
i in D. 

In order to filter out non-relevant vectors and establish the best similarity 
impact, our model assigned a strict threshold value that used several sampling 
vectors to determine only the vectors that had a high impact for all query terms. 
Below shows a complete algorithm used to resort the aggregated document vectors 
and generate the final ranking list: 
 
ALGORITHM 2: Result Ranking 
 
Q ← query string, V ← document vector, K ← Scoring, T ← Scoring threshold 

• If length (Q) = length (URL) → V = 1.0. 
• If length (Q) = length (title) → V = 0.9. 
• If length (Q) ∩ length (description) and Q in consecutive location → V = 

0.8. 
• If length (Q) = length (title) and Q distributed over title → V = 0.7. 
• If length (Q) ∩ title; K>T and T>0.5 → V = 0.6. 
• If length (Q) ∩ snippet; K>T and T>0.5 → V = 0.5 

However, the average query search duration was 4.9 ± 3.2s (N = 1000 searches 
or queries). The mean search duration to each individual resource was between 0.05s 
and 4.55s. The average system runtime or system overhead was 0.12s, whereas, the 
deadline for receiving responses from all resources over the network was 10s. 

3.4. Query Expansion  

Search engines use query expansion and optimization techniques to enhance the 
quality of search results and improve efficiency [31]. It is assumed that users do not 
always formulate search queries to expand the initial results and narrow the final 
results to satisfy user needs [23]. As a consequence, rather than using fuzzy-wuzzy 
techniques, external resources play a significant roles in this paradigm, e.g. Word 
Net, used word sense disambiguation for automatic query expansion for long queries 
in addition to short queries [11]. Since Wikipedia feedback is suitable for query 
expansion, researchers [2, 24] exploited the behavior of some Wikipedia writers who 
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adopted the preferences in the dynamic properties of the Wikipedia collection. 
However, we proposed two techniques, firstly, we used the inter-links between 
articles, by which, we generally assume that an article ‘A’ and ‘B’ are related to 
each other and shared similar topics if they are inter-linked together. Thus, if a 
user’s query is ‘A’, the alternative query is ‘B’ and vice versa. Secondly, we 
exploited the synonyms and morphologic variation for titling the articles if involved 
similar contents but titled differently. If the first title matches the user’s query and 
returns few results, the second title will be used alternatively. 

However, query expansion and reformulation was not used for all queries, it 
was used only when the initial ranking list was short and the resulting list contained 
at least one Wikipedia label that matched the user’s query. For example, while the 
initial results for a query ‘angular chelitis’ were considered few; the alternative 
query ‘angular stomatitis’ would improve the final results. Another obstacle faced 
our query processing algorithm was fuzzy queries, e.g. ‘fibromyalgia’, which are 
one of the most powerful features. To address and resolve this complexity, we 
applied a computational linguistic algorithm using n-gram string similarity. The n-
grams dictionary terms were typically collected from the Wikipedia corpus. For 
single-word queries we used a unigram model, for multi-words queries we used 
bigram and trigram models. This helps to search for similar words across hundreds 
of documents on the index. Wikipedia implication was highly improved the 
relevancy of our real-time approach even with or without query expansion, the 
precision was improved from 0.405 to 0.584 whereas the nDCG was improved from 
0.214 to 0.430, because Wikipedia was returned 977 out of 1000 results over all 
queries.  

4. Experimental Evaluation 
The TREC evaluation campaign provides training and testing sets of queries, 
whereas the relevance judgments team provides the proposed solutions for each 
query. Experimentally, web information retrieval approaches evaluated in two tasks: 
diversity and adhoc. The diversity task is similar to the adhoc task but it differs in 
the evaluation metrics and judging process. The final goal is to provide a complete 
coverage and ranked list of pages for a query that aim together to avoid excessive 
redundancy. The primary effectiveness measure for both tasks is specified by 
measuring the graded precision of top ten results or graded precision at k, in which 
documents can be judged as Nav, Key, Hrel, Rel or Non-relevant. The relevancy of 
selected resource is determined by calculating precision in the subset of results [25, 
26]. While the Normalized Discounted Cumulative Gain (nDCG) is the metric of 
measuring ranking quality for maximizing the relevancy as a whole, it takes into 
account the graded relevance levels of documents within top ten. Similarly, selecting 
a best vertical for a given query is determined by running best search query in all 
resources in that vertical. That means the relevancy of vertical is computed by 
maximizing the precision of its resources. In the final analysis, the precision of 
vertical is specified by a threshold since some queries have a small set of relevant 
verticals, we assumed 0.5 is a threshold of relevant precision).  However, if no 
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vertical was selected for a given query, the top vertical with maximum relevancy 
had been selected as relevant. In terms of testing queries, we used the same set of 
queries proposed by TREC web track, whereas for training, we used the set of 
queries in the Million Query track4. The testing and training queries involve both 
tasks adhoc and diversity to represent different complexities of relevancy. Follows is 
the comparison between our real time algorithm with offline and real time related 
approaches. 

4.1. Comparison with Real-time Approaches  

In the information retrieval, comparisons between models must be within similar 
cluster of training and test dataset.  Despite the proposed systems used in our 
comparisons are little bit old, but it is important to show how real-time search is 
more efficient than offline search when used with similar dataset and resources. 
While the similar models used 200 resources distributed among 24 agents, our 
approach used 59 resources distributed in 20 agents. Recent studies have used single 
resources for particular topics which are not bearing on the matter being considered 
except some specifications, and recently, various models have been used large 
realistic data collections sampled from multitude of online search engines.  Table 2 
shows the comparison between our mode, Sama, which used custom resources and 
agents with other top models that used a large collection of agents and resources. 
The best proposed effective models used similar techniques that aggregate indices 
from tremendous retrieval algorithms. The best effective models [29] proposed 
indexes with only documents (rather than snippets) and mix results were improved 
from the traditional retrieval algorithms like variations; but however, they failed to 
use external resources efficiently, e.g. Wordnet and Wikipedia. Wikipedia results 
were showed the content is necessary for features extraction. We have a tendency to 
assume that for a given query all search results were readily available but more 
realistic strategies would be initially make selection of a small number of relevant 
engines to increase recalls and re-rank results again. A notable exception was the 
RS_clue baseline that used the assortments’ of snippets together with the 
ClueWeb’09 collection to form size estimations. The most efficient model was 
proposed by the Chinese Academy of Sciences (ICTNET) [30] ranked 0.402 on 
nDCG@20 scores in all queries. The organizers’ baseline runs used the static 
rankings from the equivalents size-based resource baselines. In our perspective, 
querying the TREC FedWeb 2013 indices is totally different from the realistic 
collections. Despite the results of the best run were not qualified well compared to 
our results, querying several resources at the same time and selecting only five 
resources deemed the internet to shut down from overload which was not applicable 
when real-time tasks were involved. Also, one more thing that makes real-time 
algorithms better than offline algorithms is that in real-time algorithm all spam 

 
4 The goal of this track is to run a retrieval task similar to standard ad-hoc retrieval, but to 
evaluate large numbers of queries incompletely, rather than a small number more 
completely.   Participants run 10,000 queries and random of 1,000 or so were evaluated. 
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documents did not have implication and did not affect the overall retrieval 
performance because most of documents in the web search resources were filtered 
out by their administrators. Table 2 shows the comparison between the result of 
proposed approach “SAMA “ and the results of the best approaches that used real-
time contents of 157 online resources, including traditional search engines, in order 
for representing the whole picture of the retrieval methodologies as well as 
involving heterogeneous content sorts for each approach. The online test set queries 
is shown on Appendix (C); whereas Million Queries Track5 was used for training 
our approach. 

. 
Table 2. Overall comparisons between top real time approaches using real time queries 

 
5 https://trec.nist.gov/data/million.query.html 



299

JIOS, VOL. 45. NO. 1 (2021), PP. 287-308

AL-AKASHI AND INKPEN REAL TIME WEB SEARCH FRAMEWORK... 

  

vertical was selected for a given query, the top vertical with maximum relevancy 
had been selected as relevant. In terms of testing queries, we used the same set of 
queries proposed by TREC web track, whereas for training, we used the set of 
queries in the Million Query track4. The testing and training queries involve both 
tasks adhoc and diversity to represent different complexities of relevancy. Follows is 
the comparison between our real time algorithm with offline and real time related 
approaches. 

4.1. Comparison with Real-time Approaches  

In the information retrieval, comparisons between models must be within similar 
cluster of training and test dataset.  Despite the proposed systems used in our 
comparisons are little bit old, but it is important to show how real-time search is 
more efficient than offline search when used with similar dataset and resources. 
While the similar models used 200 resources distributed among 24 agents, our 
approach used 59 resources distributed in 20 agents. Recent studies have used single 
resources for particular topics which are not bearing on the matter being considered 
except some specifications, and recently, various models have been used large 
realistic data collections sampled from multitude of online search engines.  Table 2 
shows the comparison between our mode, Sama, which used custom resources and 
agents with other top models that used a large collection of agents and resources. 
The best proposed effective models used similar techniques that aggregate indices 
from tremendous retrieval algorithms. The best effective models [29] proposed 
indexes with only documents (rather than snippets) and mix results were improved 
from the traditional retrieval algorithms like variations; but however, they failed to 
use external resources efficiently, e.g. Wordnet and Wikipedia. Wikipedia results 
were showed the content is necessary for features extraction. We have a tendency to 
assume that for a given query all search results were readily available but more 
realistic strategies would be initially make selection of a small number of relevant 
engines to increase recalls and re-rank results again. A notable exception was the 
RS_clue baseline that used the assortments’ of snippets together with the 
ClueWeb’09 collection to form size estimations. The most efficient model was 
proposed by the Chinese Academy of Sciences (ICTNET) [30] ranked 0.402 on 
nDCG@20 scores in all queries. The organizers’ baseline runs used the static 
rankings from the equivalents size-based resource baselines. In our perspective, 
querying the TREC FedWeb 2013 indices is totally different from the realistic 
collections. Despite the results of the best run were not qualified well compared to 
our results, querying several resources at the same time and selecting only five 
resources deemed the internet to shut down from overload which was not applicable 
when real-time tasks were involved. Also, one more thing that makes real-time 
algorithms better than offline algorithms is that in real-time algorithm all spam 

 
4 The goal of this track is to run a retrieval task similar to standard ad-hoc retrieval, but to 
evaluate large numbers of queries incompletely, rather than a small number more 
completely.   Participants run 10,000 queries and random of 1,000 or so were evaluated. 
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4.2. Comparison with Offline Approaches  

To better focusing on the value and novelty of the proposed approach and its 
application, we compared our experiment with the best published approaches. For 
the adhoc task documents were assessed with respect to the topic as a whole. 
Relevance categories were similar in structure to the categories used in traditional 
Web search, including spam and junk removal. Also, the top two assessments’ 
structures were closely associated to the home page finding and topic distillation 
tasks. For the diversity task, documents were assessed based on the subtopics, as 
well as with respect to the topics as a whole. As a comparison, using assessment 
metrics shown in Table 3 could achieve the tradeoff between effectiveness (overall 
gains across queries) and robustness (minimizing the possibility of significant 
failure, relative to a given baseline). SAMA as our continual improvement of 
performance that compared with the best models in TREC Web track / the 
ClueWeb09 collection by using the same set of test queries (Appendix D). The best 
approach was proposed by [27] at the University of Glasgow (uogTr) used 
reformulations of the user’s initial query with a Terrier data-driven learning model 
which is a framework for the fast computation of document features. It used with a 
state-of-the-art learning-to-rank logistic regression algorithm based on gradient-
boosted regression trees. Realistically, the predictive model did not capture the 
complex interactions among the variables in data. In logistic regression, interaction 
can be included through various degrees of interaction terms, but uogTr approach 
normally leaded to computational challenges with model estimation and poor fit.  
Contrary to our proposed method, logistic regression does not provide a way to 
focus the computations on the smallest subset of variables linking decision variables 
to the target variable. The second ranked approach “DFalah” used terms impact in 
document content with query structures [22]. Chinese Academy of Sciences 
(ICTNET) [28] contacted Learning-To-Rank layer to aggregate several features 
simultaneously, but the effectiveness was very poor because of the low quality of 
training data. Quantum Interaction (QI) group proposed information about word 
associations used first and second order relationships in natural language known as 
syntagmatic and paradigmatic associations.  
 
Model P@20 NDCG@20 

University of Glasgow (uogTr) 0.453 0.238 
IBM Lab (Srchvrs) 0.315 0.176 
QUT's Quantum Interaction (QI) group  (QUT_Para) 0.305 0.167 
University of Twente (Utwente) 0.221 0.113 
Chinese Academy of Sciences (ICTNET) 0.257 0.110 
Mu ̃gla University IRRA (IR-Ra) group 0.367 0.143 
Univerity of Ottawa  (DFalah)                                                        0.405 0.214 
University of Ottawa (SAMA)                                                        0.584 0.430 

Table 3. Overall comparisons between the offline runs and our real-time run 
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5. The Faced Challenges 
We hereby introduce four of the problems faced our work with a solution while most 
of them are related to the communication between resources in the adapted network. 
These problems make an adaptive- learning realized from other traditional-learning, 
e.g. adaptive learning available in remotely data in each resource. 
 

• System Communication: Communication between a client and remotely 
resources is a critical bottleneck in adaptive networks since that incorporate 
with privacy issues over sending raw data. It requires data presented in each 
resource to be transferred to the user or client and combined concurrently 
with other results from other resources. Indeed, adaptive data are potentially 
consisted of a large number of resources, and if tons of resources shared 
similar topics, it makes communication in the network very slow. In order to 
make our approach to fit data produced by the resources in the adapted 
network, it is, therefore, urgently to develop efficient communication 
algorithm that recursively receive results from resources concurrently as 
fraction of the training process, as opposed to producing the results in the 
local resources. To assist minimize communication in such network, three 
issues are assumed: (1) minimizing the total number of communication 
cycles, (2) minimizing the size of transferred data at each cycle, and (3) 
synchronizing the data between resources. 

• Hardware Heterogeneity: The computation, storage, and link abilities 
between resources in adaptive networks for providing results might differ 
because of variability in hardware capability; e.g. CPU, memory, etc., or 
sometimes a resource communicates with other resources locally. Thus, the 
adaptive system must afford strong hardware. 

• Resource Trustworthiness: Most resources share similar topic in a vertical. 
Some resources might also be unreliable for some query results. It is critical 
for any selected resource to stop at a given time or cycle due to time-out 
connectivity and time-out for aggregating relevant data. Additionally, the 
network size represented by the number of resources at each request might 
high if the query is diverse. Also, system limitations between resources 
typically result when a small number of the active resources being selected 
instantly. As a result, at the moment of determining the type of query and 
specifying the relevant resources extremely increase the system challenges. 
Thus, adapted learning algorithms that are improved must therefore: (i) 
exploit a small amount of resources in irrelevant queries, (ii) stop slower 
resources in the network when time exceeded properly. 

6. Conclusion 
This paper proposes a novel algorithm for developing the ground-breaking research 
initiated at the University of Ottawa in 2012. A great deal of effort has been done for 
building a real-time web search algorithm for various types of queries to remedy 
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some drawbacks in context of related approaches. Building real-time approach with 
real-time events is not easy task. We showed how to implement an algorithm that 
uses the Web’s predominant application protocol to leverage REST’s tenets. We 
explained how Wikipedia is relevant in real-time task and how is relevant for 
specifying types of queries and topics of resources with low disk overhead. 
Exploiting multiple data sources simultaneously could thereby provide end-users 
with real-time query results directly from the desired information resources. Query 
results could be integrated to look as they are from one source, or can be displayed 
in separated sections of the same search resulting list. However, it can be difficult to 
rank results from disparate resources in real-time, as this requires application of 
multiple predictive algorithms and understanding deep learning concepts. Our 
framework6 faced many issues, including: coordination, synchronization, topic 
correlation, and controlling multiple autonomous web resources. 
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Appendix A: Real time resources used by our proposed approach 
Resources Agent / Topics  Resources Agent / Topics  

Indeed.co.uk  
Totaljobs.com  
Optnation.com  
Monster.co.uk  
Wikicfp.com  
Dblp.org   
Citeseerx.edu  
Univerzities.com  
Conferencealert.com 
Researchgate.com 
Taste.com  
Simplerecipes.com 
Saveland.ca 
Amazon.com 
Ebay.com 
Alibaba.com 
Answers.com  
Answers.yahoo.com 
Drugs.com  
Everydayhealth.com 

Jobs 
Jobs 
Jobs 
Jobs 
Academic 
Academic 
Academic 
Academic 
Academic 
Academic 
Recipes 
Recipes 
Shopping 
Shopping 
Shopping 
Shopping 
Q/A 
Q/A 
Health 
Health 

Wikihow.com  
Mapquest.com  
Embassypasges.com 
Zoominfo.com  
Foursquare.com  
Openweathermap.org 
Wikipedia.org  
Nationsonline.com 
Gov.uk   
Geonames.org  
Nationsonline.org  
Reference.com                                  
Thoughtco.com                                 
NPR.org  
News-medical.net                            
Uptodate.com                                   
Verywell.com  
Mayoclinic.org 

Thebalance.com  

Q/A 
Local 
Local 
Local 
Local 
Weather 
Encyclopedia 
Encyclopedia 
Encyclopedia 
Encyclopedia 
Encyclopedia 
Encyclopedia 
Encyclopedia 
Encyclopedia 
News 
Health 
Health 
Health 
Finance 
Finance 

 
6 http://site.uottawa.ca/~falak081 



303

JIOS, VOL. 45. NO. 1 (2021), PP. 287-308

AL-AKASHI AND INKPEN REAL TIME WEB SEARCH FRAMEWORK... 

  

some drawbacks in context of related approaches. Building real-time approach with 
real-time events is not easy task. We showed how to implement an algorithm that 
uses the Web’s predominant application protocol to leverage REST’s tenets. We 
explained how Wikipedia is relevant in real-time task and how is relevant for 
specifying types of queries and topics of resources with low disk overhead. 
Exploiting multiple data sources simultaneously could thereby provide end-users 
with real-time query results directly from the desired information resources. Query 
results could be integrated to look as they are from one source, or can be displayed 
in separated sections of the same search resulting list. However, it can be difficult to 
rank results from disparate resources in real-time, as this requires application of 
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Nhs.uk   
Patient.info ` 
derm101.com                                     
Cntravel.com                
Hotelscombined.com 
Tripsavvy.com                
Tvguide.com 
Hollywoodlife.com      
Imdb.com 
Thespruce.com                                  
Investopedia.com  

Health 
Health 
Health 
Health               
Travel 
Travel 
Travel 
Shows 
Shows 
Shows 
Home 

Historynet.com  
Twitter.com 
Facebook.com 
Wordpress.com  
Thefreedictionary.com 
Merriam-webster.com 
Cambridge.org  
Google.com  
Worldcat.org  
360daily.com                                     
Vimeo.com 

History 
Social 
Social 
Blog 
Dictionary 
Dictionary 
Dictionary 
Scholar 
Scholar 
Video 
Video 
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Appendix C: Online Test Queries 

  

Appendix D: Offline Test Queries 
151:403b 
152:angular cheilitis 
153:pocono 
154:figs 
155:last supper painting 
156:university of phoenix 
157:the beatles rock band 
158:septic system design 
159:porterville 
160:grilling 
161:furniture for small spaces 
162:dnr 
163:arkansas 
164:hobby stores 
165:blue throated hummingbird 
166:computer programming 
167:Barbados 
168:lipoma 
169:battles in the civil war 
170:scooters 

176:weather strip 
177:best long term care insurance 
178:pork tenderloin 
179:black history 
180:newyork hotels 
181:old coins 
182:quit smoking 
183:kansas city mo 
184:civil right movement 
185:credit report 
186:unc 
187:vanuatu 
188:internet phone service 
189:gs pay rate 
190:brooks brothers clearance 
191:churchill downs 
192:condos in florida 
193:dog clean up bags 
194:designer dog breeds 
195:pressure washers 



306

JIOS, VOL. 45. NO. 1 (2021), PP. 287-308

AL-AKASHI AND INKPEN REAL TIME WEB SEARCH FRAMEWORK... 

  

171:ron howard 
172:becoming a paralegal 
173:hip fractures 
174:rock art 
175:signs of a heartattack 

196:sore throat 
197:idaho state flower 
198:indiana state fairgrounds 
199:fybromyalgia 
200:ontario california airport 
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Abstract 
Temporary employment is not influenced by the unemployment rate, but shows a 
positive relation with the social protection expenses of the companies. Poland is the 
country with the highest percentage of temporary workers (2013). The objective of this 
research is to study this flexibility, by obtaining empirical evidence in the European 
Union, using a quantitative research method. Research is still missing towards a better 
understanding of the relation between temporary employment and unemployment. The 
relevance of understanding of the effects of temporary employment in the European 
Labor Market. As future research, it is suggested that this study be replicated for the 
time span of 2006 to 2020. This research focuses on the geographical area studied, 
providing a better understanding of the relation between temporary employment and 
unemployment. This research is based on quantitative research using a European Union 
secondary database (Eurostat). 
Keywords: European Union, Employment, Social Protection Expenses, Temporary 
employment and Unemployment 

1. Introduction 
Global economic transformation and financial crises increase job insecurity, 
employee’s vulnerability and even the social risk of exclusion [1], [2]. Thus, 
temporary work agencies have addressed this vulnerability, because the vast majority 
of people have failed to ensure a permanent and secure job, and are continuously 
unemployed [3]. As it can be seen, the use of the temporary work force was promoted 
by the globalization phenomena, and its implications in institutional and 
organizational environments have been widely studied [4]. 

Work flexibility can provide, through the temporality of their workers, more 
flexible human resources structures [5], allowing for the reduction of their labour costs 
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[6]. Thus, this flexibility is understood as the capacity of the companies to use 
temporary employees as a valid work force [7]. 

Regarding the theoretical framework, the choice was based on the resource-based 
view, in which the company is seen as a set of tangible and intangible resources [8]–
[11]. Teece, Pisano, & Shuen  [12] state that there are three aspects essential to the 
dynamic configuration of resources and competences. The first aspect is related to 
sensing features of individual capacities of organizational process, to collect 
information through a scan of the market in order to discover new opportunities. The 
following is concerning seizing, it refers to adapting products to needs, according to 
a product and architecture selection, within the scope of a business model. Finally, 
reconfiguring is also of great interest, since it characterizes the possibility of 
transforming resources and skills, according to the needs of customers, based on 
specialization and knowledge management. Dynamic capabilities support new 
challenges and protect knowledge, achieving a competitive advantage [12], [13]. Due 
to the need for constant adaptation, dynamic capabilities are organizational indicators 
based on resources, with the goal of competitiveness, since without the support of 
dynamic capabilities, organizations regress in their competitive advantage [14]. These 
capacities reflect the potential of the organization in integrating, creating, 
reconfiguring internal and external competences, in order to correspond to market 
fluctuations [12]. Eisenhardt & Martin [15] report, that the primary value of dynamic 
capabilities is not linked to capabilities per se, but to resource configuration. It is the 
configuration of resources and skills that will allow them to have a dynamic 
characterization. These stand out in highly dynamic markets, as they aspire to 
advantage in an unpredictable scenario, which requires that they exceed the 
characteristics of the resource-based theory, named RBV [16], [17]. 

Despite a significant number of research topics in this area, the literature on the 
link between the evolution of temporary work and total unemployment is limited, thus 
this research gap was identified for the present study. Total employment and social 
expenditure in the 28 member-European Union [18], lead countries to make deep 
reforms in their labour markets due to the financial crisis (2008), which, among others, 
created high rates of unemployment. In view of the above, the aim of this article is to 
analyse the relationship between job flexibility and unemployment, employment and 
associated social expenditure, in the European context in the year 2013. In this 
context, the following research question is raised: What influence do unemployment 
rates, employment rates and social protection expenses have on temporary work 
(European context)? 

2. Literature Review 
Given the complexity of the labour market, there has been a decrease in 
stable/permanent jobs in favour of other forms of employment, with greater 
contractual flexibility, working hours and more quantitative benefits to the employer, 
as  is the case of temporary work [19]. To this author, in the world context, where the 
financial logic and short-term income continue to be predominant, there is an 
incessant pressure for a greater flexibility of the labour market, as companies want a 
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workforce that responds quickly, easily and at a low cost to market fluctuations. Due 
to these constant changes ,the adaption to the market’s requirements are crucial [12], 
[20], [21]. 

Thus, in the recent decades, and in numerous countries, there has been a 
significant increase in the number of temporary workers, reflecting an increased 
competition between companies and markets (globalization), which implied that they 
had to adapt swiftly to the changes in the conditions of supply and demand [22]. On 
the other hand, the global economic recession caused by the 2008 crisis also reduced 
the bargaining power of workers and their opportunities to continue to have permanent 
jobs, and in the countries where there was some recovery in employment, this focused 
on the temporary employment, the same authors concluded.  

In view of the above, in the last decades, the increase of temporary work has been 
a response to high unemployment in many countries, however the legal framework 
differs from country to country [23]–[25]. Kovacs [19]argued that there was empirical 
evidence that flexible work has been increasing all over Europe, despite the 
subsistence of differences among countries. This type of job has been considered to 
be the main way for unemployed people (e.g. women, young people and people with 
low qualifications) to enter working life, that is, the labour market [19], [26]. These 
temporary jobs, with short-term contracts, can act as a springboard to better paid 
employment or be a vehicle of transition between school and employment [27]. Also 
Kyyrä  [28] said that the option of the individuals for this form of employment is, to 
an extent, involuntary because of the difficulty in getting a better job in some countries 

In short, temporary work can be the vehicle for regular employment [29], 
[30][31], [32], as well as a way to reduce the unemployment rate, if competent entities 
set social security programs with benefits for the employer and the employee [33]. 

Costa [34] argued that it is only possible to create more jobs for people through 
flexible labour legislation and working conditions (e.g., Socials). De Graaf-Zijl et al. 
[30] so as recently Caroleo, Rocca, Mazzocchi, Quintano [35] concluded that there is 
a growing trend of temporary work in many countries and there is a broad debate 
about the benefits of this type of job in relation to the unemployment numbers. It 
means that if a temporary worker gets a permanent job, they will have the possibility 
of obtaining a higher remuneration than when they were effectively unemployed, 
explained these authors. Pulignano & Doerflinger [36] considered that this type of 
work can be seen as a protection for the maintenance of permanent jobs, especially in 
situations of economic crisis. On the other hand, the dispersed legislation about labour 
relations in the labour market has contributed to contractual flexibility, where 
companies have the option of having seasonal workers [7]. These authors argued that 
this seasonality brings benefits for the companies both in terms of fixed costs and 
future burdens of eventual redundancies. According to Chen and Funke [37] a rigid 
labour legislation may increase the demand for temporary workers, but although there 
are different legislative frameworks, they follow the recommendations of the 
European Union [38]. Also, many of the people who use temporary work have low or 
medium skillsand as such are seeking short-term jobs, allowing subcontractors to have 
minor expenses [39]. This means that temporary work companies reduce the labour 
costs of contracting companies, since they are the first to support wages and taxes, 
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and there are even some companies that provide adequate training for contracted 
employees [40]. The growing demand for this form of employment by companies is 
largely related to the need to reduce their labour costs, since these labour contracts are 
flexible [19]. 

As it turns out, the use of temporary workforce has become a global phenomenon, 
so researchers have a growing interest in the implications of its use around the world 
[38]. An organization can better manage its human resources this way because of its 
flexible human resource structure [5]. In addition, organizations seek a temporary 
workforce to reduce their labour costs [6], [41], so resorting to temporary agencies is 
a way to achieve this reduction. In this context, temporary work can contribute to 
improving the enterprises’  economic performance by allowing them to reduce fixed 
labour costs (such as social protection) associated with permanent workers [42]–[45]  
and also to solve the work cycles recessions depending on the market [44], [46]. From 
another point of view, Osuna and García-Pérez [47] argued that temporary work does 
not necessarily reduce the unemployment rate, since this reduction is related to the 
level of social expenses that companies have to bear towards the type of contractual 
relationship with the worker. Also to Kopycińska and Kryńska [44], measures must 
be taken to strengthen the temporary workers’ social protection and the wage balance 
must prevail regardless of the type of contractual relationship, among others. 

The exposure to global competition, the volatility of the demand and supply law, 
the development of new production processes and the current degree of uncertainty 
are relevant factors [49]–[51]. Consequently, there is the need of flexible employment 
contracts from the point of view of the employer companies, once they always seek a 
strategy of efficiency [52]. Of course this situation has resulted in the segmentation of 
the labour market, originated by a wide institutional negotiation process around the 
world [52]. In the last decades, many economists have argued repeatedly that Europe’s 
high unemployment rate should be reduced by making labour markets more flexible 
[53], in particular by introducing efficient education mechanisms to enable continuous 
and dynamic learning, which may lead to better wage conditions and a strong 
protection against lay-off. Thus, all over Europe, there is a duality of the labour 
market, which contrasts being employed to being unemployed, but in between the two 
there is temporary work in the middle of which comes the temporary work with lower 
rights, less protection, but leads to the reduction of social expenses of the companies 
[54]. These authors pointed out that the regulations of this type of work in Europe aim 
to fight the high unemployment and to maintain the competitiveness of companies. In 
particular, with regard to western Europe, the researchers identified an increase in  
temporary work from the 80s and in the middle of the 90s they noticed a significant 
positive evolution [38], e.g., in the 90s, Spain suffered a high demand for temporary 
workers by companies, reaching one third of the workers in its business fabric. 
Specifically, Koene and Ansari [55] argued that the appearance of a new labour 
market in Spain was sustained by institutional changes. According to these authors, 
temporary work was legalized in Spain in 1994, in the context of wide institutional 
reforms implemented in this market that aimed to construct a long term sustainable 
labour market. These authors argued that temporary work has grown quickly in Spain 
since the middle of the 80sbecause in the previous periodits legislation was strict in 
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the protection of employment. However, the growing internationalization of the 
economy and the economic crisis helped to trigger market reforms in 1984, which 
were directed towards flexibility and temporary contracts [56]. Thereby, Spain 
developed a dual labour market in the early 90s, where protectionism for permanent 
jobs coexisted with low-quality temporary labour with little protection. In Spain, there 
is a high percentage of temporary workers because the relevant legislation is more 
flexible and less bureaucratic, as a way to avoid an increase in the rate of job 
destruction [47]. 

Thus, based on the literature review conducted, the following research hypothesis 
arise. 

Hypothesis 1: Unemployment leads to Temporary work. 
Hypothesis 2: Employment may be increased by Temporary work. 
Hypothesis 3: Temporary work has a positive relation with companies’ social 

expenses. 
Hypothesis 4: Spain is the European country with the largest number of 

temporary workers. 

3. Research methodology 
The research method used was quantitative research using a European Union 
secondary database (Eurostat) which provides a variety of statistical information on 
the member countries of the European Union- In this study, only data related to 
population and social conditions will be taken into account. 

Table 1 presents a summary of the methodology and Table 2 the essential aspects 
considered. 

 

Table 1. Structure of the methodology 

Unit of analysis Countries 
Research countries  28 European Union countries 

Geographical area Europe 

Data collection Eurostat secondary data – Population and Social Conditions 

Analysis period 2013 
Quantitative software IBM SPSS Statistic (version 24) 
Data analysis This analysis is divided into two distinct parts: 

Research planning (introduction 
and review of the literature)  
 

Definition of the subject to be investigated and its 
framework in terms of literature review. 
 

Data collection and preparation 
 

Identification of the database to be used, compilation and 
harmonization of the data, to be comparable and subject to 
statistical analysis. 

Data analysis Identification of the statistical techniques to be used and the 
interpretation and discussion of  results, according to 
Marôco (2014); Pestana & Gageiro (2014) 
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• Descriptive statistics (tables and graphs) 
• Construction of 4 regression models, until a model with 

statistically significant independent variables was obtained, 
to conclude on the previously defined research hypothesis 
(1, 2, 3). Research hypothesis 4 is analysed with descriptive 
statistics only. 

Table 2. Essential aspects followed 

4. Presentation and Discussion of Results 
In order to make a statistical treatment of the obtained raw data, a harmonization of 
the data was made. In other words, in order to be able to use the regression model, the 
data from different dimension countries, the absolute data relative to the number of 
employees, unemployed and temporary employees had to be put in perspective, so  
the active population was used, calculating the % values of employees, unemployed 
and temporary employees by the active population. Note that the global data from 
Europe are only presented for comparative purposes with other countries’ data, once 
only data from 28 countries will be used in the regression. Data on the unemployed 
are for a wider age range, between 15 and 74 years old, in contrast to the remaining, 
that are for an age range between 15 and 64 years old. However, this approach had to 
be used, since there was no other information regarding the unemployed in the data 
base.  
 

Country 
% Temporary 

Employees 
% 

Unemployed 
% 

Employees  
Social Protection 

Expenses 

European Union (28 countries) 10,20% 11,03% 89,01% 7.416,10 

European Union (27 countries) 10,20% 10,98% 89,06% 7.460,33 

European Union (15 countries) 10,26% 11,22% 88,82% 8.853,25 

Euro area (19 countries) 11,08% 12,13% 87,91% 8.348,87 

Euro area (18 countries) 11,16% 12,13% 87,91% 8.407,71 

Euro area (17 countries) 11,21% 12,13% 87,91% 8.448,97 

Belgium 6,35% 8,50% 91,51% 10.116,40 

Bulgaria 4,30% 13,13% 86,94% 979,19 

Czech Republic 7,00% 7,08% 92,96% 2.936,85 

Denmark 7,50% 7,16% 92,85% 14.425,99 

Germany 11,33% 5,35% 94,67% 9.715,54 

Estonia 2,90% 8,96% 91,15% 2.106,85 

Ireland 7,19% 13,38% 86,68% 8.084,11 

Greece 4,67% 27,81% 72,30% 4.291,27 

Spain 14,09% 26,26% 73,78% 5.567,60 
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• Descriptive statistics (tables and graphs) 
• Construction of 4 regression models, until a model with 

statistically significant independent variables was obtained, 
to conclude on the previously defined research hypothesis 
(1, 2, 3). Research hypothesis 4 is analysed with descriptive 
statistics only. 

Table 2. Essential aspects followed 

4. Presentation and Discussion of Results 
In order to make a statistical treatment of the obtained raw data, a harmonization of 
the data was made. In other words, in order to be able to use the regression model, the 
data from different dimension countries, the absolute data relative to the number of 
employees, unemployed and temporary employees had to be put in perspective, so  
the active population was used, calculating the % values of employees, unemployed 
and temporary employees by the active population. Note that the global data from 
Europe are only presented for comparative purposes with other countries’ data, once 
only data from 28 countries will be used in the regression. Data on the unemployed 
are for a wider age range, between 15 and 74 years old, in contrast to the remaining, 
that are for an age range between 15 and 64 years old. However, this approach had to 
be used, since there was no other information regarding the unemployed in the data 
base.  
 

Country 
% Temporary 

Employees 
% 

Unemployed 
% 

Employees  
Social Protection 

Expenses 

European Union (28 countries) 10,20% 11,03% 89,01% 7.416,10 

European Union (27 countries) 10,20% 10,98% 89,06% 7.460,33 

European Union (15 countries) 10,26% 11,22% 88,82% 8.853,25 

Euro area (19 countries) 11,08% 12,13% 87,91% 8.348,87 

Euro area (18 countries) 11,16% 12,13% 87,91% 8.407,71 

Euro area (17 countries) 11,21% 12,13% 87,91% 8.448,97 

Belgium 6,35% 8,50% 91,51% 10.116,40 

Bulgaria 4,30% 13,13% 86,94% 979,19 

Czech Republic 7,00% 7,08% 92,96% 2.936,85 

Denmark 7,50% 7,16% 92,85% 14.425,99 

Germany 11,33% 5,35% 94,67% 9.715,54 

Estonia 2,90% 8,96% 91,15% 2.106,85 

Ireland 7,19% 13,38% 86,68% 8.084,11 

Greece 4,67% 27,81% 72,30% 4.291,27 

Spain 14,09% 26,26% 73,78% 5.567,60 

JOURNAL OF INFORMATION AND ORGANIZATIONAL SCIENCES 

France 12,28% 10,00% 90,03% 10.262,71 

Croatia 9,94% 17,54% 82,50% 2.199,65 

Italy 8,82% 12,37% 87,67% 7.633,22 

Cyprus 12,31% 16,21% 84,00% 4.650,19 

Latvia 3,36% 12,21% 87,93% 1.631,94 

Lithuania 2,08% 12,01% 88,02% 1.708,34 

Luxembourg 6,02% 5,90% 94,02% 19.442,71 

Hungary 8,74% 10,26% 89,77% 2.113,56 

Malta 6,05% 6,49% 93,51% 3.372,81 

Netherlands 15,73% 7,40% 92,70% 11.333,50 

Austria 7,66% 5,43% 94,58% 11.011,37 

Poland 18,87% 10,48% 89,54% 1.966,04 

Portugal 14,60% 17,07% 82,99% 4.243,66 

Romania 0,93% 7,39% 92,61% 1.050,67 

Slovenia 12,33% 10,28% 89,70% 4.275,88 

Slovakia 4,94% 14,28% 85,76% 2.435,89 

Finland 12,28% 8,36% 91,65% 11.338,88 

Sweden 13,52% 8,30% 91,76% 13.376,66 

United Kingdom 4,78% 7,78% 92,29% 8.859,72 

Table 3. Relative data under analysis for the year 2013    

In terms of descriptive statistics, , for the quantitative variables in the study we 
present some relevant data – table 4 – and illustrative graphs of the values distribution 
in each variable, figures 1 to 4. 

 

 N Average 
Standard 
deviation 

Coefficient 
of variation Minimum Maximum 

% Temporary employees 28 8,59% 4,55% 53% 0,93% 18,87% 

% Unemployed 28 11,34% 5,60% 49% 5,35% 27,81% 

% Employed 28 88,71% 5,58% 6% 72,30% 94,67% 

Social protection expenses 
(euros per capita) 28 6468,97 4846,87 75% 979,19 19442,71 

Table 4. Variables descriptive statistics 

In the sample, the % of temporary employees presents an average value of 8.59%, 
with a dispersion of values of 53%. The minimum and maximum values are, 
respectively, 0.93% and 18.87%. It can be observed that the distribution of values of 



316

JIOS, VOL. 45. NO. 1 (2021), PP. 309-327

RODRIGUES, OLIVEIRA AND SILVA THE FLEXIBILITY OF TEMPORARY EMPLOYMENT... 

the % of temporary employees mainly occurs between 2.5% and 15%. In the sample, 
the % of unemployed presents an average value of 11.34%, with a dispersion of values 
of 49%. The minimum and maximum values are respectively 5.35% and 27.81%. It 
can be observed that the distribution of values of the % of unemployed mainly occurs 
between 5% and 15%, and while all values over 20% (for Greece and Spain) are 
outliers, extreme cases that go out of the distribution normal values. In the sample, the 
% of employees present an average value of 88.71%, with a dispersion of values of 
6%. The minimum and maximum values are, respectively, 72.30% and 94.67%. It can 
be observed that the distribution of values of % of employees is mainly between 
82.5% and 95%, and while all values below 80% (for Greece and Spain) are outliers, 
extreme cases that go out of the normal distribution of values. In the sample, social 
protection expenses have an average value of 6 468.97 €, with a dispersion of values 
of 75%. The minimum and maximum values are, respectively, € 979.19 and € 
19.442,71. Turning now to the multiple linear regression model, the following formula 
is given: 

𝒀𝒀𝒏𝒏 =  𝜷𝜷𝟎𝟎 + 𝜷𝜷𝟏𝟏𝑿𝑿𝟏𝟏+𝜷𝜷𝟐𝟐𝑿𝑿𝟐𝟐+𝜷𝜷𝟑𝟑𝑿𝑿𝟑𝟑 + 𝜺𝜺 

Thus, the dependent variable is the % temporary employees (𝑌𝑌𝑛𝑛) and the % 
employees (𝑋𝑋1), the % employees (𝑋𝑋2) and the social protection expenses (𝑋𝑋3) are 
the independent variables. n corresponds to the 28 countries of the European Union. 
Thus, the determination coefficients are shown in table 5. 
 

Model R R Square Adjusted R Square Std. Error of the Estimate 

1 ,339a ,115 ,004 4,53646 

a. Predictors: (Constant), social protection expenses, % employees, % employees  

Table 5. Model Summary Source: own elaboration 

The coefficient of determination r2=0,115 indicating that 11,5% of the variation 
occurs in the % temporary employees is explained by the variables included in this 
model. The coefficient of determination adjusted ra

2=0,004 is 0,4%. 
To determine if this model is globally significant, table 6 and 7 are presented. 
 

Model Sum of Squares df Mean Square F Sig. 

1 Regression 63,931 3 21,310 1,036 0,395 

Residual 493,908 24 20,579   

Total 557,839 27    

a. Dependent Variable: % temporary employees 

b. Predictors: (Constant), Social protection expenses, % employees, % unemployed 

Table 6. ANOVA 
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The F test, to the global significance of the model, is not validated because it 
presents a probative value higher than 5% (p=0,395) which does not allow to reject 
the hypothesis. 

 

Model 

Unstandardized 
Coefficients 

Standardized 
Coefficients 

t Sig. B Std. Error Beta 

1 (Constant) -1042,333 1537,065  -,678 ,504 

% Unemployed 10,603 15,306 13,069 ,693 ,495 

% Employee 10,468 15,368 12,840 ,681 ,502 

Social protection expenses ,000 ,000 ,346 1,641 ,114 

Table 7. Variables’ coefficients in the model and level of significance 

The variables included in the model indicate that there are no significant variables 
for the model, that is, for the explanation of the dependent variable % temporary 
employees. 

On the other hand, Pearson’s correlation coefficient was applied to study the 
nature of the relationship between the dependent variable and the independent 
variables, and it was concluded that there are no statistically significant relationships 
between the dependent variable and the independent ones. 

However, since this model includes 3 independent variables, tests were performed 
on the assumptions associated with it, that is, multicollinearity (Pearson’s correlation 
matrix), in which it was concluded that there is multicollinearity between % 
unemployed and % employees. In this context, since the violation of this assumption 
is so evident, it makes no sense to proceed with the analysis of this regression model. 

Thus, a new regression model is presented without one of the variables that 
present a strong multicollinearity between them, being the variable % employees the 
excluded variable. Thus, the model only has as independent variables the % 
unemployed and the social protection expenses (Table 8). 

 

Model R R Square Adjusted R Square 
Std. Error of the 

Estimate 

1 ,312a ,097 ,025 4,48757 

a. Predictors: (Constant), social protection expenses, % unemployed b. Dependent Variable: % 
temporary employees 

Table 8. Model Summary 

The determination coefficient r2=0,097 indicating that 9,7% of the variation 
occurs in % temporary employees is explained by the independent variables included 
in the model, having decreased relatively to the first model, since it presents an 
independent variable less. The adjusted determination coefficient ra

2=0,025 is 2,5%, 
and has increased considerably, with respect to the first model, which indicates that 
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this model is better, in explanatory terms, of the % temporary employees. For the 
overall evaluation of the model, the following tests were performed (Tables 9 and 10). 

 
Model Sum of Squares df Mean Square F Sig. 

1 Regression 54,383 2 27,191 1,350 ,277b 

Residual 503,456 25 20,138   

Total 557,839 27    

Table 9. ANOVA 

The F Test, to the model’s global significance, is again not validated because it 
presents a test value higher than 5% (p=0,277). 

 

Model 

Unstandardized 
Coefficients 

Standardized 
Coefficients 

t Sig. B Std. Error Beta 
1 (Constant) 4,629 2,762  1,676 ,106 

% Unemployed ,178 ,167 ,219 1,069 ,295 

Social Protection expenses ,000 ,000 ,320 1,560 ,131 

Table 10. Coefficients of the variables and level of significance 

The variables included in the model indicate that there are no significant variables 
for the model, that is, for the explanation of the percentage of temporary employees 
none of the two variables chosen for this new model are statistically significant for 
the explanation of the variation observed in the % temporary employees. 

In view of this result, standardized residues were analyzed, where Poland was 
identified as an outlier. From the analysis of the standardized residues, shown in the 
graph above, the detection of outliers allows us to identify as outlier the case 
corresponding to Poland. 

The new model of regression integrates now the % unemployed and the social 
protection expenses (Tables 11,12 and 13). 

 

Model R R Square Adjusted R Square 
Std. Error of the 

Estimate 

1 ,462a ,214 ,148 3,83012 

a. Predictors: (Constant), social protection expenses, % unemployed b. Dependent Variable: % 
temporary employees 

Table 11. Model Summary 

The coefficient of determination 𝑟𝑟2= 0.214 indicates that 21.4% of the variation 
occurring in the % temporary employees is explained by the two independent 



319

JIOS, VOL. 45. NO. 1 (2021), PP. 309-327

RODRIGUES, OLIVEIRA AND SILVA THE FLEXIBILITY OF TEMPORARY EMPLOYMENT... 

this model is better, in explanatory terms, of the % temporary employees. For the 
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The variables included in the model indicate that there are no significant variables 
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the explanation of the variation observed in the % temporary employees. 

In view of this result, standardized residues were analyzed, where Poland was 
identified as an outlier. From the analysis of the standardized residues, shown in the 
graph above, the detection of outliers allows us to identify as outlier the case 
corresponding to Poland. 

The new model of regression integrates now the % unemployed and the social 
protection expenses (Tables 11,12 and 13). 

 

Model R R Square Adjusted R Square 
Std. Error of the 

Estimate 

1 ,462a ,214 ,148 3,83012 

a. Predictors: (Constant), social protection expenses, % unemployed b. Dependent Variable: % 
temporary employees 

Table 11. Model Summary 

The coefficient of determination 𝑟𝑟2= 0.214 indicates that 21.4% of the variation 
occurring in the % temporary employees is explained by the two independent 

JOURNAL OF INFORMATION AND ORGANIZATIONAL SCIENCES 

variables included in the model, having increased considerably compared to the 
previous model. The adjusted coefficient of determination 𝑟𝑟𝑎𝑎2 = 0.148 is 14.8% also 
significantly increased in relation to the previous model, which indicates that this 
model is better in terms of the % temporary employees. 

 
Model Sum of Squares df Mean Square F Sig. 

1 Regression 95,592 2 47,796 3,258 ,056b 

Residual 352,075 24 14,670   

Total 447,667 26    

a. Dependent Variable: % temporary employees b. Predictors: (Constant), social protection expenses, 
% unemployed 

Table 12. ANOVA 

The F test, to the global significance of the model, remains uncorrected because 
it presented a test value higher than 5% (p = 0.056). 

 

Model 

Unstandardized Coefficients Std. Coefficients 

t Sig. B Std. Error Beta 

1 (Constant) 2,878 2,419  1,189 ,246 

% Unemployed ,228 ,143 ,313 1,593 ,124 

Social Protection 
expenses 

,000 ,000 ,484 2,459 ,022 

Table 13. Coefficients of the variables and level of significance 

It is concluded that the percentage of temporary employees increases significantly 
with the increase of social protection expenses. Also in this model, multicollinearity, 
the normal distribution of residues and the assumption of homoscedasticity were 
absent. In order to better understand the effects of multicollinearity, we present a 
regression model with % employees and social protection expenses, without Poland 
(Tables 14,15 and 16). 

 

Model R R Square Adjusted R Square 
Std. Error of the 

Estimate 

1 ,460a ,212 ,146 3,83420 

a. Predictors: (Constant), social protection expenses, % employees b. Dependent Variable: % 
temporary employees 

Table 14. Model Summary 

The determination coefficient r2=0,212 indicates that 21,2% of the variation 
occurring in the % temporary employees is explained by the two independent 
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variables included in the model, similar to the previous model. The adjusted 
determination coefficient ra

2=0,146 is 14,6% and is also similar to that of the previous 
model, which indicates that the latter two models are similar in explanatory terms of 
the % temporary employees. 

 
Model Sum of Squares df Mean Square F Sig. 

1 Regression 94,840 2 47,420 3,226 ,057b 

Residual 352,827 24 14,701   

Total 447,667 26    

a. Dependent Variable: % temporary employees  b. Predictors: (Constant), social protection expenses, 
% employees 

Table 15. ANOVA 

The F Test, to t the global significance of the model, remains not validated, as it 
presents a test value higher than 5% (p=0,057). 

 

Model 

Unstandardized 
Coefficients 

Standardized 
Coefficients 

t Sig. B Std. Error Beta 

1 (Constant) 25,554 12,376  2,065 ,050 

% employees -,226 ,144 -,310 1,575 ,128 

Social protection expenses ,000 ,000 ,482 2,449 ,022 

Table 16. Coefficients of the variables and level of significance 

It can be concluded that the % temporary employees increases significantly with 
the rise in social protection expenses. For the % employees, the results are inverse to 
those of the previous model to the % unemployed, since the relation between these is 
inversely proportional. In this model, all standardized residues are now within 
desirable limits, so there is no outlier in this new model. We also verify the absence 
of the multicollinearity assumption, the normal distribution of residues and the 
homoscedasticity assumption. 

Finally, by the application of the Backward method and the Pearson correlation, 
it can be concluded that between the % temporary employees and the % unemployed 
and the % employed and the social protection expenses there are no statistically 
significant relationships in an isolated way. 

Regarding the comparison of the results with the literature review for each of the 
defined research hypothesis, we conclude that: 

Hypothesis 1: Unemployment leads to Temporary work 
This hypothesis is not confirmed, as there is no significant correlation between 

the % of unemployed and the percentage of temporary employees in any of the 
presented models, more specifically in the final model, that is, the 1% increase in the 
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model, which indicates that the latter two models are similar in explanatory terms of 
the % temporary employees. 
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presents a test value higher than 5% (p=0,057). 
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t Sig. B Std. Error Beta 

1 (Constant) 25,554 12,376  2,065 ,050 

% employees -,226 ,144 -,310 1,575 ,128 

Social protection expenses ,000 ,000 ,482 2,449 ,022 

Table 16. Coefficients of the variables and level of significance 

It can be concluded that the % temporary employees increases significantly with 
the rise in social protection expenses. For the % employees, the results are inverse to 
those of the previous model to the % unemployed, since the relation between these is 
inversely proportional. In this model, all standardized residues are now within 
desirable limits, so there is no outlier in this new model. We also verify the absence 
of the multicollinearity assumption, the normal distribution of residues and the 
homoscedasticity assumption. 

Finally, by the application of the Backward method and the Pearson correlation, 
it can be concluded that between the % temporary employees and the % unemployed 
and the % employed and the social protection expenses there are no statistically 
significant relationships in an isolated way. 

Regarding the comparison of the results with the literature review for each of the 
defined research hypothesis, we conclude that: 

Hypothesis 1: Unemployment leads to Temporary work 
This hypothesis is not confirmed, as there is no significant correlation between 

the % of unemployed and the percentage of temporary employees in any of the 
presented models, more specifically in the final model, that is, the 1% increase in the 
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% unemployed causes an average increase of the % temporary employees of B = 
0.228, however, this relation is not statistically significant (p = 0.124) (table 13). The 
non-verification of this hypothesis contradicts the arguments that temporary 
employment would be a half or one influential factor in reducing unemployment. 

Hypothesis 2: Employment may be increased by Temporary work 
This hypothesis is not confirmed, as there is no  significant correlation between 

the % unemployed and the percentage of temporary employees in any model , in 
particular in the final model, that is, the 1% increase in the % unemployed causes an 
average decrease of the % temporary employees of B = -0.226, however, the 
relationship is not statistically significant (p = 0.128) (table 16). In addition, there is 
no significant relationship between the % employees and the percentage of temporary 
employees because the relationship that occurs even has a negative signal, which 
contradicts the hypothesis presented. Although some authors consider temporary 
employment as a means to increase employment [19], [26]–[28], this was not the case. 
For Osuna & García-Pérez [47] the reduction of the unemployment rate is more 
related to the cost of social expenses to be borne by companies. This type of 
employment will only have positive effects on unemployment if there is less rigid 
legislation and labour markets  [34], [59]. 

Hypothesis 3: Temporary work has a positive relationship with social expenses 
of companies. 

This hypothesis is verified for the final model developed, since there is a 
significant correlation between social protection expenses and the % temporary 
employees, where the increase of one euro in social protection expenses per inhabitant 
causes an average increase of the % temporary employees of B = 0.000413, the ratio 
being statistically significant (p = 0.0022) (table 16). Therefore, we can affirm that for 
each increase of 1,000 euros in social protection expenses per capita, the percentage 
of temporary employees increases by 0.413 percentage points, on average, as we can 
see in hypothesis 3. This positive relation is corroborated by several authors [39], who 
showed that this type of employment allows for the reduction of human resources and 
the lower rigidity of the structure [5]. On the other hand, this positivity can improve 
the financial performance of companies, especially in times of recession/economic 
crisis  [42], [48], [60]. 

Hypothesis 4: Spain is the European country with the largest number of 
temporary workers 

 

Country 
% Temporary 

employees 
Poland 18,87% 

Netherlands 15,73% 

Portugal 14,60% 

Spain 14,09% 

Sweden 13,52% 
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Slovenia 12,33% 

Cyprus 12,31% 

France 12,28% 

Finland 12,28% 

Germany 11,33% 

Croatia 9,94% 

Italy 8,82% 

Hungary 8,74% 

Austria 7,66% 

Denmark 7,50% 

Ireland 7,19% 

Czech Republic 7,00% 

Belgium 6,35% 

Malta 6,05% 

Luxembourg 6,02% 

Slovakia 4,94% 

United Kingdom 4,78% 

Greece 4,67% 

Bulgaria 4,30% 

Latvia 3,36% 

Estonia 2,90% 

Lithuania 2,08% 

Romania 0,93% 

Table 17. Relative data in analysis, for the year 2013 

This hypothesis is not verified either, since the country with the highest 
percentage of temporary employees in 2013 is Poland with 18,87%, contrary to what 
Osuna & García-Pérez [47] argue. Below, we have a summary table of the Hypotheses 
of this Research, with their Status (table 18): 

 
Hypothesis Results 

1 Not confirmed 

2 Not confirmed 

3 confirmed 

4 Not confirmed 

Table 18. Final Results 
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5. Conclusions 
In line with the research question, we can conclude that the increase of temporary 
employment in the European Union has not achieved the desired performance in terms 
of reducing unemployment and, inherently, increasing employment. However, it has 
been found that this increase is related to companies’ aim to reduce their fixed costs 
with human resources and to make their structure less rigid being an effective way to 
improve financial performance. On the other hand, in the analysed period, Poland has 
more temporary employees than Spain. 

Considering the limitations of this study, it might be considered that the analysed 
timespan should be improved, in further studies, as the used database only allows for 
the timespan from 2014 to 2015 of the 28 members of the European Union. 

The contributions of this article are related to the scope of the geographical area 
studied, as most of the research focuses on a specific geographic context, furthermore 
it provides a better understanding of the relation between temporary employment and 
unemployment. 

For future research, we suggest the replication of this study for the time period 
2006-2015, which would provide comprehensive and relevant empirical evidence for 
a longer time span. Furthermore, it would be relevant to understand the reasons why 
Poland is the country with the highest % of temporary employees. 
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Abstract 
Lossless data compression algorithms can use statistical redundancy to represent data 
using a fewer number of bits in comparison to the original uncompressed data. Run-
Length Encoding is one of the simplest lossless compression algorithms in terms of 
understanding its principles and software implementation, as well as in terms of 
temporal and spatial complexity. If this principle is applied to individual bits of original 
uncompressed data without respecting the byte boundaries, this approach is referred to 
as bit-level Run-Length Encoding. Algorithm for lossless data compression, proposed 
in this paper, optimizes bit-level Run-Length Encoding data compression, uses special 
encoding of repeating data blocks, and, if necessary, combines it with delta data 
transformation or representation of data in its original form intending to increase 
compression efficiency compared to a conventional bit-level Run-Length Encoding 
approach. The advantage of the algorithm proposed in this paper is in the increase of 
the compression ratio in comparison to the bit-level Run-Length Encoding, with the 
higher time and space consumption as the trade-off. Test results, that were obtained by 
compression of the segmentation metadata of different volume datasets take place in 
the last part of the paper. 
Keywords: data compression, lossless data compression, run-length encoding, RLE, 
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1. Introduction  
Information and Communication Technologies (ICT) produce enormous amounts of 
data daily. Some are discarded after they are created, transferred, and used, but a large 
portion is subsequently archived, extending the total amount of data currently 
included in ICT. The data transfer itself represents a significant burden for ICT, so we 
are looking for ways how to model, optimize and minimize it [1][2]. A large amount 
of data exists in multiple copies - in uncompressed or compressed forms. In practice, 
some types of data are even preferentially and almost exclusively stored and 
transmitted in a compressed version and often happens that they exist in their original 
form only for a short period of time - during their acquisition and initial processing. 
Examples are multimedia data such as images, audio sequences, and especially video 
sequences. A feature film in compressed form requires a storing capacity in GBs of 
the secondary storage device depending on the required quality and the encoder used. 
Its uncompressed version of 1920×1080 pixels (FullHD) at 24b/pixel and 25 frames 
per second with a recording time of 120 minutes requires up to 1TB of storage space 
on the secondary storage device. Storage of the uncompressed version and its 
distribution whether through storage media for the secondary storage devices or over 
computer networks would be impractical and costly for mass use.  

Lossy data compression with a higher compression ratio is mostly used in 
multimedia. Lossless compression usually does not reach such high compression 
ratios but may be similarly successful in certain cases with domain-specific 
algorithms. An example could be the compression of a geometry of voxelized three-
dimensional images. While in the uncompressed form its binary representation at the 
resolution of 64K3 voxels (65536 × 65536 × 65536) at 1b/voxel may have a volume 
up to 32TB. The compression using octant trees and the data structures derived from 
them allows lossless compression to compress the data down to hundreds of MB 
depending on the image content. Data structures useful for storing a compressed form 
of this geometry of voxelized image data include Sparse Voxel Octrees (SVO), 
Efficient Sparse Voxel Octrees (ESVO) [3], Sparse Voxel Directed Acyclic Graphs 
(SVDAG) [4] or Symmetry-aware Sparse Voxel Directed Acyclic Graphs (SSVDAG) 
[5]. Out-of-Core compression algorithm for creating the SVO data structure is 
described in detail in [6]. 

In both lossless and lossy algorithms, there are universal as well as domain-
specific compression algorithms with different data compression success rates. Their 
existence is given not only by historical development but also by different temporal 
and spatial complexity which justifies the use of less efficient compression algorithms 
that provide lower memory requirements and processing power of the processor while 
keeping a lower but sufficient compression ratio. Often, such lightweight compression 
algorithms are implemented on devices that have a significantly limited amount of 
memory, lower processing power or there is a requirement of a high data throughput 
such as in data streaming. 

Run-Length Encoding (RLE) is one of the simplest methods of lossless data 
compression that replaces sequences (runs) of the same elements by single element 
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code and the number of elements in the run (length of the symbol sequence). Element 
code and related encoded length of the run is called the RLE packet (RLEP). 

The history of RLE employment dates back to 1967, when it has been used in 
television signal transmission [7]. Data that are about to be encoded can be a one-
dimensional (1D) stream of data, or may be multidimensional as in the case of images 
that are a two-dimensional (2D) grids of pixels or a volumetric data that are a three-
dimensional grids of voxels (3D). 

RLE schemes used for image compression are divided into bit-level, byte-level, 
and pixel-level compression schemes depending on the type of an encoding atomic 
element. 

Bit-level compression schemes encode runs of bits while ignoring byte or even 
word boundaries. Typically, one byte is needed for the RLE packet encoding where 
one of the bits is used to represent the respective bit of the symbol and the 7 other bits 
represent an unsigned integer representation of the number of these bits in the run. 
Their number can be in the range < 0; 127 >. The byte-level encoding schemes 
encode runs of identical bytes and most often they create double-byte RLE packets 
where one byte is the run length in the range < 0; 255 > and is referred to as a count 
value and the second byte represents the value of the symbol itself and is referred to 
as a run value. Three-byte schemes use an extra byte referred to as a flag value which 
is a sign that two more bytes of the RLE packet would follow that encode the symbol 
and the run length. Thus, sequences of uncompressed data and RLE compressed data 
can be combined. Pixel level encoding schemes consider multi-byte information that 
is forming the code of the pixel as the one symbol, and run length is the number of 
those multi-byte symbols in the run. There is typically one byte used to represent this 
length value. 

RLE variants are known, while encoding images, in which there are scanlines 
parallel to the x-axis or the y-axis. Zig-zag patterns or 2D tiles are also used. 
Linearization of data using Morton order [8] is often used in volumetric datasets. 
Repeat scanline packet or vertical replication packet is an encoding scheme in which 
the RLE packet contains information on how many times the scanline is consecutively 
repeated. This uses an image property when several scanlines placed in the image in 
the sequence do not differ from each other. 

Also, there are lossy versions of RLE compression, when different approaches to 
information discarding, which makes it lossy, are used. For example, changing the 
overall value of a particular symbol in the stream to make the run homogenous and 
run-length bigger or changing the Least Significant Bits (LSB) of encoded symbols 
are used. This approach results in a compression ratio increase when applying RLE. 

This paper aims to propose an Out-of-Core algorithm for lossless data 
compression, which, thanks to the proposed optimization of the bit-level RLE data 
encoding, along with an alternative application of the delta data transformation, would 
increase the compression ratio compared to the classical lossless RLE compression, 
while it still maintains low spatial and temporal complexity. Another goal is to reduce 
the potential negative effect when unwanted and sometimes significant inflation of 
data could occur in case of RLE compression of data that is not suitable for 
compression using this kind of compression algorithm. 
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Contribution of the paper is in: 
• Design of the Out-of-Core lossless compression algorithm using optimized bit-

level Run-Length Encoding along with an alternative application of the delta data 
transformation as well as the design of a binary data structure intended to store 
such compressed data. 

• Optimization of the bit-level run-length encoding by modifying the structure and 
length of the bit-level RLE packet in which only the length of the run is encoded 
in its binary representation and the symbol itself is encoded by the RLE packet 
position in the stream of these RLE packets. 

• Optimization of the RLE packet binary representation when it is composed of the 
variable number of encoding words whose binary representation has a variable 
length in number of bits. 

• Encoding words length optimization separately for each original data block with 
simultaneous dissociation for encoding word lengths for 0 and 1 symbols. 
The structure of the paper is as follows. 
Section 2 deals with the related works in the field of lossless data compression 

using Run-Length Encoding (RLE) paying particular attention to lossless RLE 
compression schemes and especially the bit-level RLE compression. There are also 
areas, where the RLE compression has been applied to, mentioned. Because of the 
broad range of publications in the field, especially when the application of RLE in 
different fields is taken into account, the section is focused on the papers that are 
closely related to the work presented in this paper. 

Section 3 of the paper presents a detailed description of the data structure proposed 
as part of this research for the storage of data after ΔRLE data compression. Four 
different types of data blocks are mentioned and described in detail. 

Section 4 of the paper introduces the ΔRLE algorithm for lossless data 
compression. 

Section 5 of the paper summarizes the results of testing within this paper designed 
ΔRLE lossless compression algorithm using real-life volumetric binarized medical 
images. Those were obtained by multiple medical imaging methods including 
Computed Tomography (CT) and Nuclear Magnetic Resonance (NMR), which have 
been thresholded in the preprocessing phase. The classical bit-level RLE algorithm is 
compared with different degrees of optimization of the bit-level RLE compression 
and finally with the full-featured bit-level ΔRLE compression algorithm proposed in 
this paper with the application of all four types of data blocks, including delta data 
transformation and optimized RLE data encoding. 

Section 6 of the paper presents conclusions, that summarizes the success of the 
proposed algorithm in data compression. Conclusions were made by testing the 
algorithm on various volumetric datasets. 

2. Related works 
Algorithms for data encoding which are incorporating Run-Length Encoding are often 
part of the data gathering, processing, transmitting, and storing in different kinds of 
medical applications. In [9] Run-Length Encoding was used in the compression of 
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Section 2 deals with the related works in the field of lossless data compression 

using Run-Length Encoding (RLE) paying particular attention to lossless RLE 
compression schemes and especially the bit-level RLE compression. There are also 
areas, where the RLE compression has been applied to, mentioned. Because of the 
broad range of publications in the field, especially when the application of RLE in 
different fields is taken into account, the section is focused on the papers that are 
closely related to the work presented in this paper. 

Section 3 of the paper presents a detailed description of the data structure proposed 
as part of this research for the storage of data after ΔRLE data compression. Four 
different types of data blocks are mentioned and described in detail. 

Section 4 of the paper introduces the ΔRLE algorithm for lossless data 
compression. 

Section 5 of the paper summarizes the results of testing within this paper designed 
ΔRLE lossless compression algorithm using real-life volumetric binarized medical 
images. Those were obtained by multiple medical imaging methods including 
Computed Tomography (CT) and Nuclear Magnetic Resonance (NMR), which have 
been thresholded in the preprocessing phase. The classical bit-level RLE algorithm is 
compared with different degrees of optimization of the bit-level RLE compression 
and finally with the full-featured bit-level ΔRLE compression algorithm proposed in 
this paper with the application of all four types of data blocks, including delta data 
transformation and optimized RLE data encoding. 

Section 6 of the paper presents conclusions, that summarizes the success of the 
proposed algorithm in data compression. Conclusions were made by testing the 
algorithm on various volumetric datasets. 

2. Related works 
Algorithms for data encoding which are incorporating Run-Length Encoding are often 
part of the data gathering, processing, transmitting, and storing in different kinds of 
medical applications. In [9] Run-Length Encoding was used in the compression of 
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data for electrocardiography (ECG) and [10] incorporates compression of ECG data 
using not only RLE but also Discrete Wavelet Transform (DWT) compression 
algorithm. The compression of data obtained by Electroencephalography (EEG) 
combining Discrete Cosine Transform (DCT) and Run-Length Encoding was 
proposed in [11]. In [12] was performed analysis of hybrid lossy and lossless 
compression using RLE. 

Run-Length Encoding was used for enhancement of user experience in the field 
of volume datasets reading from secondary storage when bit-level RLE compressed 
three-dimensional binary images were used as the metadata describing volume data-
sets [13]. In [14] evaluation of four different encoding schemas for optimization of 
bit-level Run-Length Encoding within lossless compression of binary images was 
performed. 

Lossless data compression schemes for volume datasets compression, including 
RLE were considered in [15] and in [16] volume datasets compression using RLE was 
mentioned. RLE encoded sparse level sets were introduced in [17]. Volumetric 
datasets characterization using a set of Run-Length Encoding features has been 
described in [18]. 

Interesting sources of information regarding data compression in general, that 
mention also different versions of Run-Length Encoding lossless and lossy 
compression of text, images - including binary images - and other kinds of data are 
[19] [20] [21] [22]. Very interesting overview of the compression techniques 
including lossless compression and RLE represents [23]. 

3. Description of the proposed ΔRLE data structure 
The next chapter of the paper deals with a detailed description of the binary data 
structure intended for storing the target data compressed using the ΔRLE compression 
algorithm. 

3.1. Data structure 

Data structure has its own Global Head (GH) described in section 3.1.1. The original 
data ready for compression is forming the stream of bits that is divided into blocks 
with a length of 𝑛𝑛 bits. Since the number of bits of the original data does not 
necessarily be divisible by 𝑛𝑛, the last block may be shorter. A Data is thus divided 
into m original data blocks (ODB). Data block can be left uncompressed as original 
data block and in that case a Raw Data Block (RawDB) is created - in more detail 
described in section 3.1.2. A bit-level RLE compression can be applied to the data 
block creating an RLE Data Block (RleDB) - in more detail described in section 3.1.3. 
Alternatively, a delta transformation followed by a bit-level RLE compression can be 
applied, creating a Delta-transformed Data Block (DelDB) - in more detail described 
in section 3.1.4. If the current block of data is the same as the previous block of data, 
the Repeating Data Block (RepDB) is used - see section 3.1.5 for details. Information 
on which of the alternatives was used along with related parameters setup is stored in 
the header by which each of the m data blocks is extended as shown in Figure 1.  
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Figure 1. The original data consisting of 160b is divided into blocks with a length of 64b. 

Two blocks of a standard length 64b were created – named ODB0 and ODB1. the last block 
named ODB2 is shorter and has a length of 32b. Compressed data consists of three 

Compressed Data Blocks (CDB) labeled CDB0 to CDB2 each with its own header labeled H0 
to H2. There is a Global Head (GH) of the whole data structure in its introductory part. 

3.1.1. Global Head 

The Global Head (GH) consists of two encoding packets. 
The first one is the GLobal Size Packet (GLSP) which carries the number of bits 

of the source data to be compressed. GLSP consists of one or more consecutive 32b 
encoding words (EW). The number of bits of source data can be calculated as the sum 
of the values that are encoded by the individual EWs in the GLSP packet. GLSP makes 
it possible to stop the decompression algorithm upon obtaining the last bit of the 
original data. 

The second part of the GH is the Data Block Size Packet (DBSP) which consists 
of one or more consecutively stored 16b EWs. The DBSP carries information about 
the number of bits comprised in the Original Data Block (ODB). The value can be 
calculated as the sum of the values that each EW of the DBSP encodes. This 
information allows the algorithm to stop decompression of Compressed Data Block 
after the last bit of the corresponding Original Data Block was obtained. 

EW meaning can be seen in Table 1. It is possible to find out if another EW will 
be concatenated using the value of EW as it is shown in Table 1. For GLSP 𝑚𝑚𝑚𝑚𝑚𝑚 =
232 − 1 and for DBSP 𝑚𝑚𝑚𝑚𝑚𝑚 = 216 − 1. 

 
EW Value Another EW concatenation 

< 1;𝑚𝑚𝑚𝑚𝑚𝑚 − 1 > < 1;𝑚𝑚𝑚𝑚𝑚𝑚 − 1 > NO 
𝑚𝑚𝑚𝑚𝑚𝑚 𝑚𝑚𝑚𝑚𝑚𝑚 YES 

0 𝑚𝑚𝑚𝑚𝑚𝑚 NO 

Table 1. Encoding Word values for GLobal Size Packet and Data Block Size Packet. 

3.1.2. Raw Data Block 

If it is not possible to achieve a sufficient reduction in the length of the binary 
representation of the original data block (ODB) consisting of n bits (it means the 
number of bits after compression of ODB is greater or equal to n + 2), by using an 
optimized bit-level RLE compression or by applying a delta transformation and 
subsequent optimized bit-level RLE compression, then this data block in the target 
data structure is represented in its original, uncompressed form. Such a block of data 
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is referred to as Raw Data Block (RawDB) in the target data structure. It consists of a 
RawDB Head (RawDBH) having a binary representation of '00' and occupying a 
constant length of 2b and an uncompressed binary representation of ODB consisting 
of n bits as shown in the Figure 2. 
 

 
Figure 2. Original Data Block (ODB) with 𝑛𝑛 bit length is transformed into Raw Data Block 
(RawDB) by creating a RawDBH header consisting of '00' and attaching original data of 𝑛𝑛 

bit ODB in unchanged form. 

3.1.3. RLE Data Block 

The original data can be compressed using in this paper proposed optimized bit-level 
Run Length Encoding. Rle Data Block (RleDB) has an RLE Data Block Header 
(RleDBH) followed by an RLE packet stream (RLEPs). Each of these RLE packets 
has a serial number in the stream (counting starts at 0) so it can be determined for each 
RLEP whether its serial number is even or odd as can be seen in Figure 3. 
 

 
Figure 3. The Rle Data Block (RleDB) consists of the RleDBH header and the RLE packet 
stream (RLEPs). RLEPs are labeled by a serial number starting from 0. In this figure, there 

are x RLE packets referred to as RLEP0 to RLEPx-1. 

3.1.3.1 Rle Data Block Header 

The RleDBH header contains a two-bit string '01' identifying that a given block of 
data is compressed using the bit-level RLE. Then, there is a bit labeled as S indicating 
by its value, which symbol (0 or 1) run-lengths will encode RLEPs with an even 
sequence numbers. The odd RLEPs then encode the run-length of the inverted bit 
value (another symbol). 

Follows 0 𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿ℎ (0𝑊𝑊𝑊𝑊) represented by 4b. This parameter shows the 
number of bits used in the EWs in the RLEPs that encode lengths of runs of the symbol 
0. The last parameter is 1 𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿ℎ (1𝑊𝑊𝑊𝑊) represented by 4b and this parameter 
shows the number of bits used in the EWs in the RLEPs that encode lengths of runs 
of the symbol 1 as shown in Figure 4. Allowed values for 0𝑊𝑊𝑊𝑊 and 1𝑊𝑊𝑊𝑊 are from the 
range < 2; 15 >. The RleDBH header has a constant length of 11b. 
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Figure 1. The original data consisting of 160b is divided into blocks with a length of 64b. 

Two blocks of a standard length 64b were created – named ODB0 and ODB1. the last block 
named ODB2 is shorter and has a length of 32b. Compressed data consists of three 

Compressed Data Blocks (CDB) labeled CDB0 to CDB2 each with its own header labeled H0 
to H2. There is a Global Head (GH) of the whole data structure in its introductory part. 

3.1.1. Global Head 

The Global Head (GH) consists of two encoding packets. 
The first one is the GLobal Size Packet (GLSP) which carries the number of bits 

of the source data to be compressed. GLSP consists of one or more consecutive 32b 
encoding words (EW). The number of bits of source data can be calculated as the sum 
of the values that are encoded by the individual EWs in the GLSP packet. GLSP makes 
it possible to stop the decompression algorithm upon obtaining the last bit of the 
original data. 

The second part of the GH is the Data Block Size Packet (DBSP) which consists 
of one or more consecutively stored 16b EWs. The DBSP carries information about 
the number of bits comprised in the Original Data Block (ODB). The value can be 
calculated as the sum of the values that each EW of the DBSP encodes. This 
information allows the algorithm to stop decompression of Compressed Data Block 
after the last bit of the corresponding Original Data Block was obtained. 

EW meaning can be seen in Table 1. It is possible to find out if another EW will 
be concatenated using the value of EW as it is shown in Table 1. For GLSP 𝑚𝑚𝑚𝑚𝑚𝑚 =
232 − 1 and for DBSP 𝑚𝑚𝑚𝑚𝑚𝑚 = 216 − 1. 

 
EW Value Another EW concatenation 

< 1;𝑚𝑚𝑚𝑚𝑚𝑚 − 1 > < 1;𝑚𝑚𝑚𝑚𝑚𝑚 − 1 > NO 
𝑚𝑚𝑚𝑚𝑚𝑚 𝑚𝑚𝑚𝑚𝑚𝑚 YES 

0 𝑚𝑚𝑚𝑚𝑚𝑚 NO 

Table 1. Encoding Word values for GLobal Size Packet and Data Block Size Packet. 

3.1.2. Raw Data Block 

If it is not possible to achieve a sufficient reduction in the length of the binary 
representation of the original data block (ODB) consisting of n bits (it means the 
number of bits after compression of ODB is greater or equal to n + 2), by using an 
optimized bit-level RLE compression or by applying a delta transformation and 
subsequent optimized bit-level RLE compression, then this data block in the target 
data structure is represented in its original, uncompressed form. Such a block of data 
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is referred to as Raw Data Block (RawDB) in the target data structure. It consists of a 
RawDB Head (RawDBH) having a binary representation of '00' and occupying a 
constant length of 2b and an uncompressed binary representation of ODB consisting 
of n bits as shown in the Figure 2. 
 

 
Figure 2. Original Data Block (ODB) with 𝑛𝑛 bit length is transformed into Raw Data Block 
(RawDB) by creating a RawDBH header consisting of '00' and attaching original data of 𝑛𝑛 

bit ODB in unchanged form. 

3.1.3. RLE Data Block 

The original data can be compressed using in this paper proposed optimized bit-level 
Run Length Encoding. Rle Data Block (RleDB) has an RLE Data Block Header 
(RleDBH) followed by an RLE packet stream (RLEPs). Each of these RLE packets 
has a serial number in the stream (counting starts at 0) so it can be determined for each 
RLEP whether its serial number is even or odd as can be seen in Figure 3. 
 

 
Figure 3. The Rle Data Block (RleDB) consists of the RleDBH header and the RLE packet 
stream (RLEPs). RLEPs are labeled by a serial number starting from 0. In this figure, there 

are x RLE packets referred to as RLEP0 to RLEPx-1. 

3.1.3.1 Rle Data Block Header 

The RleDBH header contains a two-bit string '01' identifying that a given block of 
data is compressed using the bit-level RLE. Then, there is a bit labeled as S indicating 
by its value, which symbol (0 or 1) run-lengths will encode RLEPs with an even 
sequence numbers. The odd RLEPs then encode the run-length of the inverted bit 
value (another symbol). 

Follows 0 𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿ℎ (0𝑊𝑊𝑊𝑊) represented by 4b. This parameter shows the 
number of bits used in the EWs in the RLEPs that encode lengths of runs of the symbol 
0. The last parameter is 1 𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿ℎ (1𝑊𝑊𝑊𝑊) represented by 4b and this parameter 
shows the number of bits used in the EWs in the RLEPs that encode lengths of runs 
of the symbol 1 as shown in Figure 4. Allowed values for 0𝑊𝑊𝑊𝑊 and 1𝑊𝑊𝑊𝑊 are from the 
range < 2; 15 >. The RleDBH header has a constant length of 11b. 
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Figure 4. The RleDB Header (RleDBH) consists of an identifier represented by the string '01' 
followed by a bit indicating which symbols will encode even RLEPs followed by parameters 
0𝑊𝑊𝑊𝑊 and 1𝑊𝑊𝑊𝑊 which on 4b represent the number of bits in the RLEPs encoding words. 

3.1.3.2 RLE Packet 

An RLE packet is composed of one EW or a sequence of several EWs. Bit length 𝑙𝑙 of 
each EW is defined by the parameter 0𝑊𝑊𝑊𝑊 for the RLEPs for symbol 0 resp. 1𝑊𝑊𝑊𝑊 for 
the RLEPs for the symbols 1. The value of each EW can be determined according to 
Table 1 with the value 𝑚𝑚𝑚𝑚𝑚𝑚 = 2𝑙𝑙 − 1. 

The length of the symbol run encoded in RLEP is given as the sum of the values 
of the individual EWs concatenated in the given RLEP as shown in Figure 5. 
 

 
Figure 5. RLEP encodes the number of symbols in the run where each EW consists of 3 bits 
in this example and a) contains one EW set to 0 indicating that the run-length indicated by 
this EW0 is 7 (refer Table 1) and that no other EW will be concatenated, b) the RLE Packet 
consists of two EWs, the first EW0 is set to 7 and encodes a run-length of 7 while indicating 
that one more EW will follow. This EW1 is set to 3 and therefore the run-length encoded by 
this EW is 3. At the same time, it indicates that no further EW will follow in a given RLEP. 

Overall, those two EWs indicate that 10 consecutive symbols will follow in a single run 
(7+3). 

If too low 0𝑊𝑊𝑊𝑊 or 1𝑊𝑊𝑊𝑊 is selected, then it is necessary to use more concatenated 
EWs to represent a specific run length which increases the number of bits needed for 
encoding beyond their optimal number. If too large value of 0𝑊𝑊𝑊𝑊 or 1𝑊𝑊𝑊𝑊 is selected, 
then the EWs contain too many leading 0s which again causes the non-optimal number 
of bits to be used for encoding as shown in the example in Figure 6. Therefore, it is 
advisable to determine, based on the analysis of the particular data, the optimal length 
of EW which allows the use of a minimum number of bits concerning the selected 
encoding. Since for each RLEP it is possible to determine whether it encodes the run 
of symbols 0 or 1, it is possible to search for the optimal length separately for EWs 
encoding run-lengths of symbol 0 and separately for symbol 1. Since the data of the 
source file is divided into data blocks such an optimum can be found for each data 
block separately. This procedure of finding and using the optimal EW length for each 
data block, dissociated for EWs for symbols 0 and 1, is the basis of the bit-level RLE 
optimization proposed in this work. 
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Figure 5. RLEP encodes the number of symbols in the run where each EW consists of 3 bits 
in this example and a) contains one EW set to 0 indicating that the run-length indicated by 
this EW0 is 7 (refer Table 1) and that no other EW will be concatenated, b) the RLE Packet 
consists of two EWs, the first EW0 is set to 7 and encodes a run-length of 7 while indicating 
that one more EW will follow. This EW1 is set to 3 and therefore the run-length encoded by 
this EW is 3. At the same time, it indicates that no further EW will follow in a given RLEP. 

Overall, those two EWs indicate that 10 consecutive symbols will follow in a single run 
(7+3). 

If too low 0𝑊𝑊𝑊𝑊 or 1𝑊𝑊𝑊𝑊 is selected, then it is necessary to use more concatenated 
EWs to represent a specific run length which increases the number of bits needed for 
encoding beyond their optimal number. If too large value of 0𝑊𝑊𝑊𝑊 or 1𝑊𝑊𝑊𝑊 is selected, 
then the EWs contain too many leading 0s which again causes the non-optimal number 
of bits to be used for encoding as shown in the example in Figure 6. Therefore, it is 
advisable to determine, based on the analysis of the particular data, the optimal length 
of EW which allows the use of a minimum number of bits concerning the selected 
encoding. Since for each RLEP it is possible to determine whether it encodes the run 
of symbols 0 or 1, it is possible to search for the optimal length separately for EWs 
encoding run-lengths of symbol 0 and separately for symbol 1. Since the data of the 
source file is divided into data blocks such an optimum can be found for each data 
block separately. This procedure of finding and using the optimal EW length for each 
data block, dissociated for EWs for symbols 0 and 1, is the basis of the bit-level RLE 
optimization proposed in this work. 
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Figure 6. Run-length encoding with the number of symbols 14 while selecting different 
lengths of EWs where a) the EW length set to 3 requires the concatenation of two EWs 

which means the use of overall 6b b) the use of an EW with a length of 4b allows optimal 
encoding and c) using an EW with the length of 5b means unnecessarily long bit sequence 

with one leading 0. 

3.1.4. Delta-transformed Data Block 

To achieve a higher compression ratio, it is possible to perform a delta transformation 
of the original data when differential information is generated between the original 
data of the Previous Data Block (PDB) and the currently compressed original data 
block, called Actual Data Block (ADB) by applying the XOR function to the 
respective pairs of bits.  
 

 
Figure 7. The Delta Data Block (DDB) is derived from the Previous Data Block (PDB) and 
the Actual Data Block (ADB) using the XOR function on the respective bit pairs. DDB can 

yield a higher compression ratio over the compression of the original ADB data. 

If those two bits match, the result is symbol 0, if they do not match, the result is 
symbol 1. This creates a Delta Data Block (DDB) and in some cases this information 
can be better compressed using optimized bit-level RLE than the original ADB data 
as it shown in Figure 7. 
 

 
Figure 8. The Delta-transformed Data Block (DelDB) consists of a DelDBH header and a 
stream of RLE packets that are identified by a serial number starting from 0. There are 𝑥𝑥 RLE 
packets visible in the figure labeled as RLEP0 to RLEPx-1. 

DDB is then compressed using an optimized bit-level RLE as described in section 
3.1.3 and that is how Delta-transformed Data Block (DelDB) is created with the 
structure that can be seen in Figure 8. 

DelDB header (DelDBH) contains a two-bit string '10', symbol 𝑆𝑆 and 4-bit 0𝑊𝑊𝑊𝑊 
and 1𝑊𝑊𝑊𝑊 with the same meaning as it was described in the subchapter 3.1.3.1. The 
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DelDBH header has a constant length of 11b as it can be seen in Figure 9 and is 
followed by a stream of RLEPs with a structure analogous to that described in section 
3.1.3.2. 

 
Figure 9. The Delta-transformed Data Block Header (DelDBH) consists of an identifier that 

is represented by a '10' string followed by a symbol S and 4-bit 0𝑊𝑊𝑊𝑊 and 1𝑊𝑊𝑊𝑊. 

3.1.5. Repeating Data Block 

If a particular data block (encoded with Raw Data Block, Rle Data Block, or Delta-
transformed Data Block) is followed by several other data blocks, containing the same 
information, then it is possible to represent repeating blocks by Repeating Data Block 
(RepDB). This block is represented the RepDBH header whose two bits are constantly 
set to '11'. This identifier is followed by one or more 3-bit EWs that encode the number 
of consecutive data block repetitions. The value of each EW can be determined using 
Table I when 𝑚𝑚𝑚𝑚𝑚𝑚 = 7. 

If multiple EWs are concatenated, the number of repeating data blocks is 
determined as the sum of their repeating data block counts as shown in the example 
in Figure 10. Thus, for example if 6 same original data blocks are consecutive then 
the first one is represented as either a Raw Data Block, an RLE Data Block, or a Delta-
transformed Data Block followed by a RepDB that indicates its 5 repetitions. 

The total length of the 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑙𝑙𝑙𝑙𝑙𝑙 can be calculated by the formula: 
 

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑙𝑙𝑙𝑙𝑙𝑙 = 2 + ⌈ℎ7⌉ × 3[𝑏𝑏] (1) 

 
where h is the number of repetitions: 
 

 
Figure 10. RepDB Header (RepDBH) contains an identifier set to '11' and there are a) one 

EW that encodes 7 repetitions of the data block, and the EW indicates that no other EW will 
be concatenated b) two EWs where the first one encodes 7 repetitions of the data block and 

at the same time indicates the concatenation of the next EW which encodes 6 further 
repetitions while indicating that no further encoding word will be concatenated. This means a 

total of 13 repetitions of the previous data block. 

4. ΔRLE compression algorithm 
Compression algorithm assumes input that consists of: 
• Stream of original data intended for compression, 
• parameter 𝑚𝑚 representing overall length of input stream in bits, 
• parameter 𝑛𝑛 representing length of Original Data Block (ODB) in bits.  
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Compression algorithm comprises following steps: 
 

1. PDB(n - 1 : 0) = 0; REPS = 0;     // PDB – Previous Data Block 
2. LOAD ADB(n - 1 : 0);      // ADB – Actual Data Block 
3. IF (ADB(n – 1 : 0) = = PDB(n – 1 : 0)) { REPS++; GOTO 2; } 
4. IF (REPS > 0) {CREATE RepDB(REPS); STORE RepDB; REPS = 0;} 

        // RepDB – Repeating Data Block 
5. min = n + 2; 
6. [minRleDB0, Rle0WL] = findMin(ADB(n – 1 : 0), 0, 2, 15); 
7. [minRleDB1, Rle1WL] = findMin(ADB(n – 1 : 0), 1, 2, 15); 
8. minRleDB = minRleDB0 + minRLEDB1; 
9. DDB(n – 1 : 0) = PDB(n - 1 : 0) XOR ADB(n – 1 : 0);  // DDB – Delta Data Block 
10. [minDelDB0, Del0WL] = findMin(DDB(n – 1 : 0), 0, 2, 15); 
11. [minDelDB1, Del1WL] = findMin(DDB(n – 1 : 0), 1, 2, 15); 
12. minDelDB = minDelDB0 + minDelDB1; 
13. IF (minRleDB < min AND minRleDB ≤ minDelDB) { 

CREATE RleDB(ADB(n - 1 : 0), Rle0WL, Rle1WL); STORE RleDB; GOTO 16; } 
       // RleDB – RLE Data Block 

14. IF (minDelDB < min AND minDelDB < minRleDB) { 
CREATE DelDB(DDB(n - 1 : 0), Del0WL, Del1WL); STORE DelDB; GOTO 16; } 

 // DelDB – Delta-transformed Data Block 
15. CREATE RawDB; STORE RawDB;    // RawDB – Raw Data Block 
16. IF (m = = 0) EXIT; 
17. PDB(n – 1 : 0) = ADB(n – 1 : 0); 
18. IF (m > n)  { m = m – n; } 

      ELSE { n = m; m = 0; } 
19. GOTO 2; 
 

Function [a, b] = findMin(D(n – 1 : 0), S, L, H) is the function which: 
• finds the minimal sum of bits of all RLE packets for symbol S and data block D(n 

- 1 : 0) when all encoding word lengths from the range <L; H> are tested and 
returns that minimal length as the output a, 

• finds the optimal EW length for symbol S for data block D(n-1 : 0) and returns it 
as the output b.  

5. Tests and discussion 
One of the objectives of the algorithm design was to reduce the risk of significant 
inflation of data after compression in an unfavorable case. This goal has been met. In 
situations, when none of the original data blocks can be effectively compressed, each 
of these blocks is represented by RawDB in the target data structure. Each original 
data block is in that case accompanied by a two-bit header. Assuming that the original 
data is divided into m blocks and for simplicity, each of these blocks has the same 
number of n bits (including the last data block) then the size of the binary 
representation after the ΔRLE compression is quantifiable as 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑚𝑚𝑚𝑚𝑚𝑚: 
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Compression algorithm comprises following steps: 
 

1. PDB(n - 1 : 0) = 0; REPS = 0;     // PDB – Previous Data Block 
2. LOAD ADB(n - 1 : 0);      // ADB – Actual Data Block 
3. IF (ADB(n – 1 : 0) = = PDB(n – 1 : 0)) { REPS++; GOTO 2; } 
4. IF (REPS > 0) {CREATE RepDB(REPS); STORE RepDB; REPS = 0;} 

        // RepDB – Repeating Data Block 
5. min = n + 2; 
6. [minRleDB0, Rle0WL] = findMin(ADB(n – 1 : 0), 0, 2, 15); 
7. [minRleDB1, Rle1WL] = findMin(ADB(n – 1 : 0), 1, 2, 15); 
8. minRleDB = minRleDB0 + minRLEDB1; 
9. DDB(n – 1 : 0) = PDB(n - 1 : 0) XOR ADB(n – 1 : 0);  // DDB – Delta Data Block 
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14. IF (minDelDB < min AND minDelDB < minRleDB) { 
CREATE DelDB(DDB(n - 1 : 0), Del0WL, Del1WL); STORE DelDB; GOTO 16; } 

 // DelDB – Delta-transformed Data Block 
15. CREATE RawDB; STORE RawDB;    // RawDB – Raw Data Block 
16. IF (m = = 0) EXIT; 
17. PDB(n – 1 : 0) = ADB(n – 1 : 0); 
18. IF (m > n)  { m = m – n; } 

      ELSE { n = m; m = 0; } 
19. GOTO 2; 
 

Function [a, b] = findMin(D(n – 1 : 0), S, L, H) is the function which: 
• finds the minimal sum of bits of all RLE packets for symbol S and data block D(n 

- 1 : 0) when all encoding word lengths from the range <L; H> are tested and 
returns that minimal length as the output a, 

• finds the optimal EW length for symbol S for data block D(n-1 : 0) and returns it 
as the output b.  

5. Tests and discussion 
One of the objectives of the algorithm design was to reduce the risk of significant 
inflation of data after compression in an unfavorable case. This goal has been met. In 
situations, when none of the original data blocks can be effectively compressed, each 
of these blocks is represented by RawDB in the target data structure. Each original 
data block is in that case accompanied by a two-bit header. Assuming that the original 
data is divided into m blocks and for simplicity, each of these blocks has the same 
number of n bits (including the last data block) then the size of the binary 
representation after the ΔRLE compression is quantifiable as 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑚𝑚𝑚𝑚𝑚𝑚: 
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𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑚𝑚𝑚𝑚𝑚𝑚 = 32 × ⌈ 𝑠𝑠
232 − 1⌉ + 16 × ⌈ 𝑛𝑛

216 − 1⌉ +  𝑚𝑚 × (𝑛𝑛 + 2)[𝑏𝑏] (2) 

  
Where: 

𝑠𝑠 is the number of bits of the source data 
𝑛𝑛 is the number of bits in the original data block 
𝑚𝑚 is the number of original data blocks 
 
𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑚𝑚𝑚𝑚𝑚𝑚 is at the same time the largest number of bits that can be generated as 

the target data structure from the respective source data. 
Maximum inflation 𝐼𝐼𝐼𝐼𝐼𝐼𝑚𝑚𝑚𝑚𝑚𝑚 for individual original data blocks is then quantifiable 

as the ratio of the Raw Data Block size (𝑛𝑛 + 2) to the corresponding size of Original 
Data Block (𝑛𝑛) so it can be written as: 
 

𝐼𝐼𝐼𝐼𝐼𝐼𝑚𝑚𝑚𝑚𝑚𝑚 = 𝑛𝑛 + 2
𝑛𝑛  

 

(3) 

 
With increasing value 𝑛𝑛 the 𝐼𝐼𝐼𝐼𝐼𝐼𝑚𝑚𝑚𝑚𝑚𝑚 is approaching 1 as it is shown in the 

following statement: 
 

𝐼𝐼𝐼𝐼𝐼𝐼𝑚𝑚𝑚𝑚𝑚𝑚 = lim
𝑛𝑛→∞

𝑛𝑛 + 2
𝑛𝑛 = 1 

 

(4) 

 
This implies that the larger the selected original data blocks are, the smaller the 

potential data inflation after compression is. If 𝑛𝑛 = 256 then 𝐼𝐼𝐼𝐼𝐼𝐼𝑚𝑚𝑚𝑚𝑚𝑚 = 1,00781 
while when 𝑛𝑛 = 1024, the 𝐼𝐼𝐼𝐼𝐼𝐼𝑚𝑚𝑚𝑚𝑚𝑚 = 1,00195. 

The most favorable (theoretical) case is when the compressed data is made up of 
the run of only one symbol 0. For compression then it can be advantageous that the 
Previous Data Block (PDB) buffer is at the start of compression homogenously filled 
with the symbol 0. The first Original Data Block of the source data is also 
homogeneously filled with the symbol 0 and therefore the Repeating Data Block 
(RepDB) can be used immediately. If it is possible to split data into m data blocks of 
n bits, then this RepDB will include all original data blocks of the source data. 

To minimize the total number of bits used in the target data structure 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑚𝑚𝑚𝑚𝑚𝑚, it 
is important that the value of m is as low as possible, which means the number of the 
original data blocks is as low as possible. This is achieved by maximizing the value 
of n which is the number of bits in the original data block. Then 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑚𝑚𝑚𝑚𝑚𝑚 can be 
calculated as  
 

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑚𝑚𝑚𝑚𝑚𝑚 = 32 × ⌈ 𝑠𝑠
232 − 1⌉ + 16 × ⌈ 𝑛𝑛

216 − 1⌉ + 2 + 3 × ⌈𝑚𝑚
7 ⌉ [𝑏𝑏] 

 

(5) 
 
where 

𝑠𝑠 is the number of bits of the source data 
𝑛𝑛 is the number of bits in the original data block 
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𝑚𝑚 is the number of original data blocks 
 

Thus, the lowest number of bits after data compression can be 53, if 𝑚𝑚 ≤ 7, 𝑛𝑛 ≤
65 535 and 𝑠𝑠 ≤ 458 745.  

5.1. Datasets 

In the tests of the proposed ΔRLE compression algorithm, there were used volumetric 
datasets consisting of regular three-dimensional grids of scalar values. In the range of 
< 0; 255 > values were saved to 8b and in the range of < 0; 4095 > to 16b. Datasets 
had been obtained through medical imaging techniques such as Computed 
Tomography (CT) or Magnetic Resonance Imaging (MRI). Above these volumetric 
data a thresholding was performed whose output was the regular three-dimensional 
grid of scalar values with 1b/vox. The data was then linearized and the stream of bits 
obtained was subjected to compression via the classical RLE algorithm, RLE 
algorithm with properties that are part of the proposed ΔRLE algorithm, and finally a 
full-featured proposed ΔRLE algorithm. Parameters of examples of individual 
volumetric datasets used in the tests are summarized in Table 2 and visualizations of 
two-dimensional sections of these volumetric datasets can be seen in Figure 10. 
 

 Volume 
dataset 

Volume 
dimensions 

Voxels 
[Millions] 

b/vox Size 
[MB] 

Threshold 

a Head 256 × 256 × 113 7.40 16 14.13 200 
b Brain 256 × 256 × 109 7.14 16 13.63 1150 
c Visual Cortex 1024 × 1024 × 314 329.25 8 314.00 25 
d Abdomen 512 × 512 × 174 45.61 16 87.00 200 
e Human Skull 256 × 256 × 256 16.78 8 16.00 25 
f Pancreas 240 × 512 × 512 62.91 16 120.00 225 

Table 2. Characteristics of medical imaging volume datasets that were binarized by using 
thresholding and used for the test purpose. 

5.2. Test Results 

In the first of the tests, a classical RLE algorithm was applied to the bit stream of the 
original uncompressed data which uses the 8b RLE packet for encoding in which one 
bit is used to encode the respective symbol and the other 7 bits are used to encode run-
length. In Table 3 this encoding is referred to as RLE-I. 
 In the second test, the RLE packet described in section 3.1.3.2 was used. The 
encoding word length of this packet was constantly set to 8b. In Table 3, this encoding 
is referred to as RLE-II. As shown in the test results the change in the RLE packet 
encoding resulted in an increase in the compression ratio of 1.058 to 1.819 times in 
comparison to the RLE-I encoding. 

In the third test, the RLE packet described in section 3.1.3.2 was used with 
the length of the binary representation of the encoding word of this packet 
being optimized ranging between < 2; 15 > bits. In Table 3 this encoding is 



342

JIOS, VOL. 45. NO. 1 (2021), PP. 329-349

MADOŠ, BILANOVÁ AND HURTUK ΔRLE: LOSSLESS DATA COMPRESSION ALGORITHM... 

  

referred to as RLE-III. For each dataset, there is also given the optimal EW 
length. 
 

 
Figure 10. Slices of volume datasets obtained by different medical imaging methods that 

were used in tests of designed ΔRLE lossless compression algorithm. 

 As shown in Figure 11 for the dataset a - Head, the optimal length of the encoding 
packet was set to 7b which allowed a further increase in the compression ratio 
compared to RLE-I 1.143 times and compared to RLE-II 1.040 times. For all the 
datasets mentioned in this paper this change in encoding to RLE-III produced from 
1.143 to 4.290 times higher compression ratio over RLE-I. Encoding word lengths 
from 6b to 12b have been shown to be optimal for the individual datasets. 

 
Figure 11. Optimization of encoding word length which is performed by the function 

findMin in compression algorithm (see chap. 4) allows to choose optimal encoding word 
length from the range of < 2; 15 >. For a particular dataset the optimal encoding word 
length is 7, when data after compression represent the smallest file size (1 494 549 b). 
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 The fourth test criteria were pretty much the same as in the previous test, the only 
change was made that for the symbol 0 and 1 the EW length of RLE packets were 
dissociated. In Table 3 this encoding is referred to as RLE-IV. As shown by the results 
of the tests, this change in encoding made a 1.150 to 7.030 times increase in 
compression ratio over RLE-I encoding. The EW lengths for the symbol 0 were from 
the range of < 2; 8 > b for different datasets and for the symbol 1 was in the range of 
< 3; 13 > b. The largest difference in the EW lengths was shown in the dataset f - 
pancreas where for the symbol 0 the EW length was 2b and for the symbol 1 it was 
13b. How the change in the EW length in the range of < 2; 15 > b separately for the 
symbols 0 and 1 in case of the dataset a – Head influenced the length of compressed 
data is shown in Figure 12. For this dataset, the optimum EW length for the symbol 0 
was set to 7b and for the symbol 1 to 6b. 

 The last of the tests applied all the properties of the algorithm proposed in this 
work when the data was divided into blocks with a length equal to the number of 
voxels on the edge of the respective dataset parallel to the x-axis. At the same time, 
encoding word length optimization was applied separately for the symbols 0 and 1 
and all four types of data blocks were used i.e. RawDB, RleDB, DelDB, and RepDB. 
This encoding is referred to as ΔRLE in the results table. Compared to the original 
data (thresholded), a compression ratio of 3.972 to 48.911 was achieved and compared 
to the classical algorithm (RLE-I), compression rates of 1.24 to 3.44 times higher were 
achieved. The comparison of the compression ratio of classical RLE algorithm 
(referred to as RLE-I) and ΔRLE algorithm, proposed in this work, can be seen in 
Figure 13.  

 
Figure 12. Optimization of EW length dissociated for symbol 0 and 1 allows to choose the 

optimal length of EW from the range of < 2; 15 > b, for symbol 0 and for symbol 1, 
separately. As it can be seen from the graph, for particular dataset the optimal length of EW 
for symbol 0 is 7b and for symbol 1 is 6b. In that case the data after compression represent 

the smallest file size (693 588 b + 791 042 b = 1 484 630 b). 
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Dataset 

a b c d e f 

Original data    7 405 568       7 143 424       329 252 864       45 613 056       16 777 216       62 914 560    

RLE-I    1 708 056       2 074 792       113 812 768          6 200 848          5 393 216          4 418 528    

  4.336*1 3.443 2.893 7.356 3.111 14.239 
  23.06*2 29.04 34.57 13.59 32.15 7.02 

RLE-II    1 553 680       1 913 272       107 207 224          4 906 792          5 096 336          2 429 064    

  4,766 3,734 3,071 9,296 3,292 25,901 
  20.98 26.78 32.56 10.76 30.38 3.86 

RLE-III    1 494 549       1 815 443          96 845 382          4 906 792          4 628 934          1 030 032    

  4.955 3.935 3.400 9.296 3.624 61.080 
  20.18 25.41 29.41 10.76 27.59 1.64 

WL [b] 7 7 6 8 6 12 
RLE-IV    1 484 630       1 749 466          78 515 216          4 902 737          3 892 132             628 533    

  4.988 4.083 4.193 9.304 4.311 100.097 
  20.05 24.49 23.85 10.75 23.20 1.00 

0WL / 1WL 
[b] 7 / 6 7 / 5 7 / 3 8 / 9 7 / 3 2 / 13 
ΔRLE    1 376 192       1 563 792          68 217 184          4 452 256          4 223 248    1 286 312 

  5.381 4.568 4.827 10.232 3.972 48.911 

  18.58 21.89 20.72 9.76 25.17 2.04 

Table 3. Size of original data and size of data after compression for individual compression 
algorithms and their settings for particular datasets. Compression ratios (*1) and the 

percentage of data size after compression as compared to the original data (*2) are shown, 
too. 

 
Figure 13. Compression ratio of classical RLE algorithm (referred to as RLE-I) and ΔRLE 

algorithm for individual datasets. 
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Table 4 and Figure 14 show the number of individual data block types and their 
percentage for each dataset. It was not necessary to use RawDB for compression. 
 

  

Dataset 

a b c d e f 

RawDB  
0 

0.00% 
0 

0.00% 
0 

0.00% 
0 

0.00% 
0 

0.00% 
0 

0.00% 

RleDB  
11 428 
39.50% 

13 221 
47.38% 

187 766 
58.40% 

48 024 
53,91% 

38 581 
58.61% 

41 775 
15.93% 

DelDB  
11 897 
41.13% 

7 646 
27.40% 

41 912 
13.03% 

13 461 
15.11% 

24 540 
37.70% 

124 
0.05% 

RepDB  
5603 
19.37 

7037 
25.22% 

91 858 
28.57% 

27 603 
30.98% 

2 415 
3.69% 

220245 
84.02% 

Table 4. The number of individual types of data blocks in the target data structure along with 
their percentage representation. 

 
Figure 14. Graphical representation of data block types in ΔRLE compressed data for 

individual datasets. 

Compression  

Dataset 

a b C d e f 

RLE  

Time [s] 0.017 0.016 0.740 0.099 0.038 0.134 

Data throughput [MB] 52.73 52.89 53.02 55.00 52.80 55.81 

ΔRLE  

Time [s] 0.051 0.051 2.071 0.185 0.133 0.058 

Data throughput [MB] 17.25 16.68 18.95 29.38 15.08 129.46 

  Ratio 3.06 3.17 2.80 1.87 3.50 0.43 

Table 5. Compression time and data throughput for RLE and ΔRLE algorithms for various volume 
datasets. Data throughput is calculated in relation to uncompressed data amount. 

(*1) Ratio represents time of DRLE compression / time of RLE compression. 

Execution time measurement was performed using program implementation in C 
language, applying the same programming approaches where it was applicable, in 
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  4.336*1 3.443 2.893 7.356 3.111 14.239 
  23.06*2 29.04 34.57 13.59 32.15 7.02 

RLE-II    1 553 680       1 913 272       107 207 224          4 906 792          5 096 336          2 429 064    

  4,766 3,734 3,071 9,296 3,292 25,901 
  20.98 26.78 32.56 10.76 30.38 3.86 

RLE-III    1 494 549       1 815 443          96 845 382          4 906 792          4 628 934          1 030 032    

  4.955 3.935 3.400 9.296 3.624 61.080 
  20.18 25.41 29.41 10.76 27.59 1.64 

WL [b] 7 7 6 8 6 12 
RLE-IV    1 484 630       1 749 466          78 515 216          4 902 737          3 892 132             628 533    

  4.988 4.083 4.193 9.304 4.311 100.097 
  20.05 24.49 23.85 10.75 23.20 1.00 

0WL / 1WL 
[b] 7 / 6 7 / 5 7 / 3 8 / 9 7 / 3 2 / 13 
ΔRLE    1 376 192       1 563 792          68 217 184          4 452 256          4 223 248    1 286 312 

  5.381 4.568 4.827 10.232 3.972 48.911 

  18.58 21.89 20.72 9.76 25.17 2.04 

Table 3. Size of original data and size of data after compression for individual compression 
algorithms and their settings for particular datasets. Compression ratios (*1) and the 

percentage of data size after compression as compared to the original data (*2) are shown, 
too. 

 
Figure 13. Compression ratio of classical RLE algorithm (referred to as RLE-I) and ΔRLE 

algorithm for individual datasets. 
 

JOURNAL OF INFORMATION AND ORGANIZATIONAL SCIENCES 

  

Table 4 and Figure 14 show the number of individual data block types and their 
percentage for each dataset. It was not necessary to use RawDB for compression. 
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Compression  

Dataset 

a b C d e f 

RLE  

Time [s] 0.017 0.016 0.740 0.099 0.038 0.134 
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Data throughput [MB] 17.25 16.68 18.95 29.38 15.08 129.46 
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Table 5. Compression time and data throughput for RLE and ΔRLE algorithms for various volume 
datasets. Data throughput is calculated in relation to uncompressed data amount. 

(*1) Ratio represents time of DRLE compression / time of RLE compression. 

Execution time measurement was performed using program implementation in C 
language, applying the same programming approaches where it was applicable, in 
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compression and decompression programs for RLE and ΔRLE. Tests were performed 
on the computer with Intel(R) Core(TM) i5-3470 CPU @ 3.20GHz, 8GB RAM, 
Debian Linux version 4.19.0-6, gcc version 8.3.0. To eliminate influence of the data 
transfer from secondary storage, that can be of different technology and data transfer 
speed, the time measurement started when all input data were stored in operating 
memory and stopped when output data were also stored in the operating memory. Due 
the binary representation of the ΔRLE compressed data, that is not byte aligned, and 
time consuming analysis of optimal encoding word lengths, compression time of 
ΔRLE was 3.50 times longer in comparison to RLE in the worst case. However, 
effective work with repeating data blocks, especially when there is higher number of 
those blocks consecutively in ΔRLE, allowed ΔRLE compression to use 0.43 of the 
time in comparison to RLE in most optimistic case, as it is shown in the Table 5. Same 
reasons allowed slower decompression time of ΔRLE ranging from 2.66 times in the 
worst case to 1.73 times in the best case, in comparison to RLE, as it is shown in the 
Table 6. 

 

Decompression  

Dataset 

a b c d e f 

RLE  

Time [s] 0.007 0.007 0.321 0.037 0.017 0.045 

Data throughput [MB] 124.66 124.04 122.34 146.96 114.67 167.41 

ΔRLE  

Time [s] 0.018 0.018 0.772 0.084 0.046 0.077 

Data throughput [MB] 49.45 47.22 50.83 64.65 43.17 96.87 

  Ratio*1 2.52 2.63 2.41 2.27 2.66 1.73 

Table 6. Decompression time and data throughput for RLE and ΔRLE algorithms for various 
volume datasets. Data throughput is calculated in relation to uncompressed data amount. 

(*1) Ratio represents time of DRLE decompression / time of RLE decompression. 

Memory consumption for variables storing includes the use of 64b variable for 
storing the information on the size of uncompressed data, for both RLE and ΔRLE 
and another 32b for storing of the data block size in case of ΔRLE. Overall size of the 
space for storing variables is 12B for both RLE compressor and decompressor and 
57B for ΔRLE compressor and 33B for ΔRLE decompressor. ΔRLE compressor and 
decompressor include also 2 × 𝑛𝑛 bits space for the storage of two data blocks of 𝑛𝑛-
bits size and 32B Look-Up-Table. ΔRLE also uses another 64B data structure for 
encoding words length optimization. 

6. Conclusions 
The paper deals with the problematics of data compression and specifically lossless 
data compression as part of the research of the domain-specific data structures 
dedicated to volume data representation. 

 There is an introduction of the Run-Length Encoding compression principle and 
several modifications of RLE, including bit-level RLE, byte-level RLE, and pixel-
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level RLE with scan-line option were mentioned in the first part of the paper. Related 
works in the field of RLE compression principle and their use in different application 
areas including medical applications are mentioned in the related works part of the 
paper. 

In the second part of the paper enhanced bit-level ΔRLE algorithm is introduced, 
which optimizes the RLE packet and brings multi encoding word RLE packets with 
various number of encoding words and with optimized and variable encoding word 
lengths. Dissociation of RLEPs for symbol 0 and symbol 1 are part of this 
modification as well.  ΔRLE algorithm includes the possibility to use four different 
data blocks - raw data block, RLE encoded data block, delta transformed RLE 
encoded data block, which combines processing of the data block into the form of 
differential information, which is then encoded similarly as the RLE encoded data 
block, and last of them is repeating data block, which indicates that the data block is 
identical with the previous data block. This allows not only to optimize RLE encoding 
but also to choose the best possibility of how to encode each data block. This results 
in a better compression ratio. 

In the last part of the paper there are results of tests described, in which volumetric 
datasets that were obtained by medical imaging methods and then thresholded were 
compressed, using the classical RLE method, alternatively using to the different levels 
optimized RLE methods and finally using ΔRLE algorithm introduced in this paper. 
The results show that in all volume dataset cases there was a possibility to compress 
data with the compression ratio higher than 1. In comparison to the classical RLE 
compression algorithm, the compression ratio was higher in all cases, when 1.24 to 
3.43 times higher compression ratio in comparison to the classical RLE was obtained. 

There is a possibility to get potentially even higher compression ratio optimizing 
the length of data blocks according to a particular dataset when each data block has 
the same size (except last data block) or optimizing the length of each data block 
separately. This optimization was not included in this research and proposed data 
structure and algorithm of its construction.  
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Abstract 
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3. Introduction  
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