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Abstract

Discrete event simulation (DES) software is often used in business process
management (BPM) projects, in order to support modeling, change and automatization
of process modeling. However, the current research lacks systematic overview of the
benefits and pitfalls of using DES software for BPM. The goal of this paper is to provide
a systematic analysis of research paper related to the operations research, computer
science, business and management that report the usage of DES in BPM projects, in
order to shed some light in this area. Results of this analysis could be useful to
academics and business practitioners in their projects.

Keywords: Discrete event simulation, business process management, project, literature
review

1. Introduction

Business process management (BPM) is widely used for managing processes, from
design and analysis through implementation, to monitoring and ongoing optimization
[1]. Software solutions that are widely used in order to support BPM, are often called
business process management system (BPMS).

Discrete event simulation (DES) is developed for the purpose of analyzing
behavior of the systems and conducting experiments with the changes in system
structure, using discrete variables for the description of the systems. DES is often
used as a method and tool for the support of BPM, and is then referred to as business
process simulation. In most of the BPMSs, the DES facilities are included in order to
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support business users in modeling current and proposed processes, and utilize
simulation for conducting experiments that are basis for the process optimization.

The goal of the paper is to present a systematic review of papers that present
implementation of BMP projects with the application of DES, with the specific focus
to the role of DES in BPM projects’ outcomes. In our research we focus to the papers
in the fields of operational research, computer science, business and management.

In order to attain this goal, we have conducted a systematic literature review. This
work has been fully supported by Croatian Science Foundation under the project
PROSPER - Process and Business Intelligence for Business Performance (IP-2014-
09-3729). The PROSPER project aims to explore the adoption of process and business
intelligence in organizations and their impact on the organizational performance with
the special focus on using modern technologies in their implementation.

Research goals of the project are: (RQ1) to analyze the longitudinal trend of the
DES reporting in BPM projects, (RQ2) to analyze the industries with case studies that
report usage of DES in BPM projects. Third goal (RQ3) of the project is to analyze
the impact of DES implementation on the success of BPM projects, which is also one
of the objectives of the PROSPER project.

The paper has been organized as follows. After the introduction, the next section
of the paper provides a theoretical background concerning DES, particularly its
applications in BPM. The research methodology description is followed by the
analysis and discussion of the research results. Finally, a short conclusion with the
limitations and plans for future research is given.

2. Theoretical background

According to Banks [2], “simulation is used to describe and analyze the behavior of a
system, ask “what if” questions about the real system and aid in the design of real
systems”. It refers to a variety of model types, from models developed as spreadsheets,
over models based on system dynamic simulations to complex DES models. DES is
used to analyze systems whose behavior can be analyzed through tracking change of
state variables while they are describing discrete sequences of events that occur in
time. Since it is suitable to be used for evaluating various process scenarios within
business process improvement, business process reengineering and other process
related endeavors, the implementation of simulation for this purpose is also referred
to as business process simulation [3].

BPMS are software applications “that enable the modelling, execution,
monitoring and user representation of business processes and rules” [4]. The authors
mostly refer to a variety of terms, such as BPM tool, suite and platform. According to
Margherita [5] “a BPMS consists of four subsystems: (1) process strategy; (2) process
model; (3) process execution; and (4) process performance”. The process model
subsystem is dealing with the overall structure of company’s processes and “includes
value chain and system model; process models and simulation; stakeholders and
process roles; and business rules and governance” [6]. So, DES is considered a
constituted part of modelling and analysis which are the first phase of the BPM
lifecycle by the Service Oriented Architecture [7]. Process simulation supports
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process analysis in the sense that business users can construct “what if”” scenarios to
see how AS-IS processes perform, to compare the outcomes of potential alternative
process designs and to propose modifications of the original model [8], [9].

Many researchers advocate the use of DES for the modeling of process dynamics
and for analyzing their operational performance [10]. According to Bolsinger et al.
[11] there is a high demand for practical approaches to business process performance
analysis, and DES is considered a good method to achieve this goal. It is highly
suggested to use in BPM projects as it allows business users to get the knowledge
about the essence of business system, to propose the changes and to understand the
impact of proposed changes on process performance. The research results showed that
the application of DES helps to avoid failure of BPM projects [12], [13], [9]. Besides,
“only an integrated simulation approach that includes both the business processes and
organizational structure” [14] can significantly affect business process performance.
Many BPMS vendors provide simulation functionality as an added component to their
platforms. According to Dumas et al. [15] it is convenient to use business process
simulation for fine-gained analysis since it allows deriving process performance
measures and data about the resources involved in the processes. Still, BPMS are
offering limited simulation functionality compared to the features that have
specialized simulation software [16].

Despite the numerous advantages of simulation, Bisogno et al. [10] emphasize
that researchers in organizational and management studies did not regularly use
simulation and tended to overlook its potential contribution to their work. Most BPM
projects teams turn to specialists to undertake simulation studies, and those specialist
often prefer to use especially designed and the more sophisticated simulation tools
[16]. However, during the last two decades the simulation approaches began to be
more frequently published in the major management, information systems, computer
science and operations research management journals. Through the years DES is
being widely used in manufacturing but also in areas such as health care, military,
traffic modeling and service industry [9].

3. Research Approach

In our research we have used the literature review, as a mean to summarize past
findings in a research field, in our case usage of DES in BPM projects [17], [18]. Our
selection process of the papers for the literature review is presented in figure 1.

First, we identified relevant databases for our research, and we have decided to
focus to the peer-review journals that are cited in Scopus and WoS (SSCI and SCI
papers). Tables 1 and 2 present our search strategies in WoS (SSCI and SCI) and
Scopus, with the time span (1994-2015).

We conducted a search using the scientific databases Web of Science (WoS) and
Scopus in February 2016. Through the first part of the search we checked WoS and
Scopus using keywords: “business process” AND “discrete” AND “simulation”. The
search was focused on peer-reviewed papers in journals. This approach resulted with
420 hits (89 hits in Scopus and 331 hits in WoS).
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In the next step, the search strategy was refined. Since DES is applied in different
avenues of scientific research we decided to limit our research to the papers in the
fields of operational research, computer science, business and management. This
criterion was related to Scopus subject areas and WoS categories (Table 1 and 2). The
following WoS categories are used: Operations research management science,
Computer science, Interdisciplinary applications, management, Computer science
information systems, Economics. The following Scopus categories are used:
Operational Research, Decision making, Business, Computer science and Economics.
This approach resulted with 134 hits (74 hits in Scopus and 60 hits in WoS).

Search strategy Hits Time | Indexes
span
((business process) AND (discrete AND 89 All SCI-
simulation)) years | EXPAND.,
SSCI, A&HCI,
ESCI
Refined by: WoS CATEGORIES: 60 All SCI-
(OPERATIONS RESEARCH years EXPAND.,
MANAGEMENT SCIENCE OR COMPUTER SSCI, A&HCI,
SCIENCE INTERDISCIPLINARY ESCI

APPLICATIONS OR MANAGEMENT OR
COMPUTER SCIENCE INFORMATION
SYSTEMS OR ECONOMICS )

Table 1. WoS (SSCI, SCI) search strategy (1994-2015)

Search strategy Hits Time Indexes
span

TITLE-ABS-KEY 331 All Scopus

( ((business process ) AND ( discrete AND years

simulation ) ) )

SUBJAREA (mult OR arts OR busi OR 74 All Scopus

deci OR econ OR psyc OR soci) AND LIMIT- years

TO (SUBJAREA,"DECI") OR LIMIT TO
(SUBJAREA , "BUSI") OR LIMIT TO
(SUBJAREA , "COMP") OR LIMIT TO
(SUBJAREA , "ECON")) AND (LIMIT TO
(DOCTYPE, "ar"))

Table 2. Scopus search strategy (1994-2015)

In our analysis we have included 134 papers (60 from WOS and 74 from Scopus).
However, after merging all papers, we excluded 26 papers which were found in both
databases. Therefore, 108 papers remained for the analysis. After reviewing the
abstracts and keywords of all 108 papers, we eliminated papers which did not report
the description of the DES appliance in the BPM project. We used the following
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criterion. Paper was considered relevant, if it specifically covers the case study of
discrete event simulation in BPM project.
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Figure 1. Selection process of the papers for the literature review

Finally, after applying this exclusion criterion 54 publications remained, and they
represent the basis for our further analysis. Next, we extracted and coded relevant data
of surveys (e.g. authors, title, and journal, year of publication, sample industry, BPM
and DES success factors) for our analysis.

4. Analysis of papers with described DES in BPM projects

Figure 2 depicts the annual number of publications from 1994 to 2015. A growing
trend of published papers is revealed. Most of the papers (39) were published from
2005 to 2015. This result is aligned with the results of the studies conducted by Shafer
and Smunt [19] and Harrison et al. [20] who showed that it was at the beginning of
the 1990s that DES began to appear more frequently in the scientific journals.

By summarizing papers according to the industry-type of companies that
conducted BPM projects, we derived 12 categories depicted in Table 3, which are in
line with the NACE industry classification. Detailed referenced results are listed in
Table 3.
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Table 3 portrays the detailed results of the industry-type per case study. First, it
has to be noted that some of the papers present more than one case study, with different
industries (e.g. ID 31 presents 6 case studies, from following industries: 3 case studies
from the manufacturing industries, 1 from Wholesale and retail trade, 1 from
Transport and storage, and 1 from Information and communication). Therefore,
number of case studies presented in the Table 4 (62) is larger than the number of the

papers (54).
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Figure 2. Number of papers published per year with described DES in BPM projects

The largest number of the case studies (19) is reported in Manufacturing, which is
followed by the Transportation and storage with 7 case studies. Industries related to
services, e.g. Financial and insurance activities reports only 3 case studies, which is
substantially lower in comparison with Manufacturing and Transportation and

storage.
Industry-type Case studies per Paper ID
industry-type

B Mining and quarrying 3 1,46, 51

C Manufacturing 19 4,8,9,11,15,16,17, 18, 21,
23, 25,26, 28, 31 (3 case

studies), 33, 35, 49

D Electricity, gas, steam and air 2 37,52

conditioning supply

G Wholesale and retail trade; 3 22,28, 31

repair of motor vehicles and

motorcycles

H Transportation and storage 7 12, 19, 20, 28, 31, 39, 54

I Accommodation and food 2 13, 31

service activities

J Information and communication 5 3,5,7,41, 48

K Financial and insurance 3 6, 15,30

activities
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M Professional, scientific and 2 38,43

technical activities

O Public administration and 2 24,32

defense; compulsory social

security

Q Human health and social work 4 27,29, 45, 50

activities

V No industry / Not applicable 10 2,10, 14, 34, 36, 40, 42, 44,
47,53

Total 62 54

Table 3. Industry-type presented in the case study

5. DES critical success factors in BPM projects

Though many researchers tried to identify a positive correlation between BPM project
and organizational success, the findings showed that BPM project success did not
always result in increased organizational performance [21]. According to Thompson,
Seymour and O'Donovan [22] BPM project success is achieved “only when BPM
initiative leads to measurable degrees of business success”. Some authors argue that
BPM success influence organizational performance indirectly, through process
performance improvement [22]. Besides, the researchers very often define a
theoretical BPM success model as a set of CSFs of BPM project [23], [24], [21]. The
same approach is applied in this research in order to investigate the link between the
introduction of DES in BPM projects and projects’ success.

No. | Project's success Paper ID # of
papers
1 Reported explicitly 1,3,4,5,6,7,9,11,12,13, 15, 37

18,19, 20, 22, 23, 24, 25, 27, 28,
29, 30, 31, 32, 33, 35, 37, 38, 39,
41, 43, 45, 49, 50, 51, 52, 54

2 Reported implicitly 2,8,10,14, 16,17, 21, 26, 36, 16
40,42, 44, 46, 47, 48, 53
3 | Not applicable 34 1

Table 4. BPM Project’s success in published papers

The implementation of DES is a time-demanding and complex endeavor and its
outputs depend on various factors. Evaluating and selecting simulation software is a
difficult process. This has led researchers to investigate methodologies for selecting
software evaluation criteria and evaluation techniques [25]. However, simulation
software selection is only one of many factors that may affect the success of DES
implementation in business process simulation projects [26], [27], [28]. Consequently,
many research studies aim to find and explain the critical success factors (CSFs) of
simulation projects [29], [30], [31]. Similarly, academics and business practitioners
are very often focused on identifying and explaining the CSFs of BPM projects [32].
Although general CSFs are well understood, we argue that specific CSFs must be
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taken into account in a case of DES implementation in BPM projects. Therefore our
literature review aims to provide brief insights into the most frequently identified DES
CSFs in BPM projects.

First, 54 papers are analyzed and distributed into two groups based on the report
on DES CSFs role in BPM project success. The results of this analysis reveal that in
37 papers DES CSFs and its’ significance for BPM success are explicitly described
while in the case of 16 papers these are described implicitly, but detailed enough to
be analyzed (Table 4). This classification criterion was not applicable for one paper
that was not available in English.

Next, the BPM success factors identified by Bai and Sarkis [33], Van Looy et al.
[34] and Buh et al. [32] are gathered and analyzed. Bai and Sarkis [33] identified 8
main CSFs in their study. Van Looy et al. [34] systemized 6 main capability areas
(modeling, deployment, optimization, management, culture and structure) and 17
subareas while Buh et al. [32] presented a comprehensive list of 13 factors (Appendix
2). Each of these factors describes a unique strategy that would positively influence
the success of BPM implementation. Based on the results of the analysis its’ elements
are mapped to 7 categories that seemed likely to explain most of the factors (Table 5).
Table 5 does not include CSFs related to performance measurement, optimization and
improvement (e.g. Bai and Sarkis [33]: 4; Van Looy et al. [34]: 4, 5, 6; Buh et al. [32]:
9, 12). These factors are implied if simulation project is conducted and therefore are
not further explored.

CSFs Categories of BPM projects Sources

PROVIDER Bai and Sarkis [33]: 3, 5
SOFTWARE Bai and Sarkis [33]: 6
Van Looy et al. [34]: 3
Buh et al. [32]: 6

Van Looy et al. [34]: 1, 2
Buh et al. [32]: 4

METHODS, MODEL DEVELOPMENT
AND DATA INPUT/OUTPUT

ORGANIZATIONAL CULTURE AND
PEOPLE

Bai and Sarkis [33]: 7
Van Looy et al. [34]: 10, 12, 13, 14
Buhetal. [32]: 3,7, 11

COMMUNICATION

Bai and Sarkis [33]: 8
Buh et al. [32]: 5

TOP MANAGEMENT SUPPORT AND
STRATEGIC ALIGNMENT

Van Looy et al. [34]: 7, 8,9, 11, 15
Buhetal. [32]: 1,2, 13

GOVERNANCE

Van Looy et al. [34]: 16, 17

Buh et al. [32]: 8, 10

Table 5. Categories of CSFs in BPM projects

Finally, the simulation success factors defined by Robinson [35], Robinson and
Pidd [36] are used to develop CSFs framework for DES implementation in BPM
projects. The study conducted by Robinson and Pidd [36] examines and analyzes gap
in expectations between simulation provider and customer in simulation projects. A
set of 19 dimensions in the delivery of a simulation project was developed (the 'Other’

JIOS, VOL. 41, NO. 2 (2017), PP, 137-159
144



JOURNAL OF INFORMATION AND ORGANIZATIONAL SCIENCES

category included a small number of factors that did not fit the other 18 groups,
according to Pidd [37]). The results of this study have also been adopted by some very
prominent researchers (e.g. Altsitsiadis [38], Jahangirian et al. [29]). For the purpose
of this research 19 dimensions of DES CSFs were mapped into previously defined 7
categories of CSFs for BPM (Table 5). The term “Provider” in Table 6 is used for
simulation project team, top-management, consultants and software providers. “The
Customer” is term used for internal customer (e.g. user) or enterprise that introduces

DES in BPMS project.

CSFs Categories of
BPM projects

Simulation success factors (dimensions) according to Robinson
and Pidd [36]

PROVIDER (Bai and
Sarkis [33])

1.1.

1.2.

1.3.

1.4.

Credibility of the Provider: trustworthiness, believability
and honesty of the provider and his/her organization
Competence of the Provider: possession of the necessary
skills and knowledge by the provider and his/her
organization to perform the simulation project
Professionalism: the provider's commitment (to the project,
to the customer and to quality), interpersonal skills and
appearance

Reliability of the Provider: consistency of performance and
dependability

SOFTWARE (Bai
and Sarkis [33], Van
Looy et al. [34], Buh

2.1.

Software: proprietary simulation software - ease of use,
suitability, flexibility, links to third party software,
confidence

et al. [32]) 2.2. Fees: correctly charging for the simulation project
METHODS, MODEL | 3.1. The Model: speed, aesthetics and ease of use
DEVELOPMENT 3.2. Confidence in the Model: trustworthiness and believability
AND DATA of the model and the results
INPUT/OUTPUT 3.3. The Data: availability and accuracy
(Van Looy et al. [34],
Buh et al. [32])
ORGANIZATIONAL | 4.1. Involvement: involving everybody (especially the customer)
CULTURE AND at all stages of the simulation project
PEOPLE (Bai and 4.2. Education: the customer learns about simulation and the
Sarkis [33], Van Looy model as the project progresses
et al. [34], Buh et al.
[32))
COMMUNICATION | 5.1. Communication and Interaction: frequency, clarity and
(Bai and Sarkis [33], appropriateness of communication and interaction with
Buh et al. [32] those involved in the simulation project
5.2. Interpersonal: the relationship between the customer and the
provider
5.3. Understanding the Customer: the provider makes every
effort to understand the customer's needs and expectations
5.4. Responsiveness: the provider gives a timely and appropriate
response to the customer's needs and expectations
TOP 6.1. The Customer's organization: the commitment of the
MANAGEMENT customer's organization to the simulation project
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SUPPORT AND
STRATEGIC
ALIGNMENT (Van
Looy et al. [34], Buh
et al. [32])
GOVERNANCE
(Van Looy et al. [34],

7.1. Recovery: recovering from problem situations

7.2. Access: approachability and ease of contact of the provider;
Buh et al. [32]) accessibility of the model

OTHER 8.1. Other

Table 6. CSFs framework for DES in BPM projects (sources: Bai and Sarkis [33], Van Looy
et al. [34], Buh et al. [32], Robinson [35], Robinson and Pidd, [36])

Table 7 presents the results of our analysis regarding the usage of different CSFs
categories as defined in Table 6.

The analysis was conducted based on the 53 papers that explicitly or implicitly
report the BPM project success, as identified in the Table 4. First, we have identified
the statements that are related to the success of DES in BPM projects. Second, we
have coded these statements according the CSFs categories of BPM projects. The
second column provides the number of papers that contain at least one statement that
reflects the appearance of the CSFs categories of BPM projects. Third column
provides the total number of CSF occurrences in the papers. For example, only 4
papers have statements that reflect the impact of the Provider to the success of BPM
projects (second column), but in these papers taken together we have identified 7
statements (third column). CSFs were not analyzed for one paper which was not
available in English. Fourth column presents the % of occurrences of CSF in papers.
For example, 7 occurrences among 143 (4,9%) were related to Provider. Finally, fifth
column presents paper ID where the occurrences were found with the number of CSF
occurrences in paper (in brackets).

CSFs categories | Number Total % of Paper ID and number of
of BPM projects | of papers | number of occurence | CSF occurencies in the
with the CSF s of CSF paper (in brackets)
CSF occurencies | in papers
category | in papers
Provider 4 7 4,9% | 6;7;14 (3); 17(2)
1(3):2; 3, 6; 8; 9(3); 11;
18(2); 20(4); 25; 27(3);
29(3); 32; 33(2); 35(4); 36;
37;41(2); 42(3); 43; 44(7);
Software 25 53 37,1% | 45(4); 47; 49;50
1(2); 25 3; 4; 5(4); 6; 7,
10(3); 11; 15;16(2); 18;
Methods, model 19(2); 22; 23(2); 24(2); 27,
development 28(3); 30(2); 31(2); 36; 37,
and data 39;40; 41; 42(2); 44, 45;
input/output 32 51 35,7% | 48; 50; 52(2); 53(3)

146
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Organizational
culture and 6;12;13;19; 21, 24;27; 32
people 12 14 9,8% | (2); 40; 44; 46(2); 54
6; 16; 19(2); 37; 38;
Communication 8 9 6,3% | 42;49;53
Top
management
support and
strategic
alignment 3 3 2,1% | 8;25;51
Governance 4 5 3,5% | 26;35(2); 49; 53
Other 1 1 0,7% 36
Total 89 143 100,0%

Table 7. Number of papers with the CSF category and total number of CSF occurrences in

papers

The results presented in the Table 7 indicate the following conclusions:

O

O

Software. According to the results of analysis simulation software criteria is
the most often mentioned (37% of occurencies) as an important factor for
project success. The results are quite expected and are well aligned with the
previously published studies. According to Tewoldeberhan [39] specific
simulation software features such as execution, animation, output analysis and
reporting, play very important role in project success. Since a specific
knowledge is required to use simulation software Hollocks [40] suggests the
introduction of new, additional software functionalities to make simulation
software more understandable and acceptable for new users and to ensure its
broader application.

Methods, Model Development and Data Input/Output. Close to it is model
development, modeling methods, data availability and accuracy (35% of
occurencies). The modelling evaluation criteria are related to ease of model
building, level of detail, formal semantics and verification of correctness,
workflow patterns, resource and data perspective, transparency and suitability
for communication [41]. According to Robinson [42] “simulation model
development requires more than just the use of software to code the model”
while “critical issues lie in the areas of conceptual modelling and validation”.
When evaluating simulation software features, simulation capabilities and
output analysis capabilities of the software are important [41].

Organization culture and people. Organizational culture and people CSF was
mentioned in 10% of reviewed papers. According to Diaz [43] there are several
aspects of simulation projects that are technically difficult and demanding for
project participants, such as: (1) the necessity of having team members who
understand not only software development and modeling techniques, but who
are also able to understand and synthesize the real-world system being
modeled, and (2) communication of a system abstraction to the process owner
and / or business champion. A particular emphasis should be placed on the role
of simulation sponsor whose main mission is to give support to simulation
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activities by disseminating knowledge or information on simulation
techniques, as well as the prepare, educate or train users on how to use
simulation software [44]. Business experts and researchers recognized the
human factors impact in the implementation of DES within a BPM approach
such as organizational culture, motivation means and leadership style [45].
Communication, provider, governance, top management and strategic
alignment. Communication is ranked next (6%), following with the provider
criteria (5%), governance (3%), top management support and strategic
alignment (2%) and other (1%). Besides, the analysis of one paper (1%) did
not provide applicable results. The lowest ranked CSFs indicate the lack of
awareness about the simulation capacity and benefits. The research conducted
by Jahangirian et al. [29] showed poor management support and simulation
knowledge in the customers’ organizations. The results suggest that provider’s
responsiveness to the customer’s needs and expectations holds the association
with the overall success of simulation projects. According to Pidd and
Robinson [36] the competence of the provider, communication and interaction
were very frequently cited as CSFs of great significance for project success.
Besides, formal and informal organizational structures should support
collaboration and teamwork throughout simulation project.

Table 8 presents the in-detailed description of the statements that occurred in the
papers related to different CSFs categories of BPM projects. The implication of the
findings above is that simulation-specific CSFs must be taken into account when DES
is used in BPM projects. The success is related, though not exclusively, to categories
Software and Methods, model development and data input/output. On the other hand,
a series of factors that relate to other categories (Table 8) are very common, so can be
applied in almost every BPM project, regardless simulation is used or not.

CSFs

categories of The most important issues related to CSFs framework category

BPM projects

Provider Research papers indicate the following issues related to provider that
impact the success of BPM project and DES usage: (1) providers use
tools they are familiar with; (2) there are not many analysts or
consultants that can effectively combine business and network
simulation skills; (3) the efficiency of the simulation application
crucially depends on the ,,simulationist* and his/her knowledge about
methods, tools and required theoretical basis.

Software Research papers indicate the following issues related to software that

impact the success of BPM project and DES usage: (1) the ability to
visualize and animate the behavior of the system is the critical issue for
the simulation project success; (2) the flexibility of programming
language, the capability of modelling complex processes, the speed of
simulation and the ability of accurate representation of complex
processes are very important characteristics of simulation software; (3)
the ability of reporting and exporting simulation results to a desired
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format or program/tool can influence the success of simulation project;
(4) user-friendliness and ease-of-use is recognized as a need; (5) other
issues, such as: existence of an interface with external modules (e.g.
databases), and the ability of a tool for executing simulation models
requiring no translation or conversion.

Methods,
model
development
and data
input/output

Research papers indicate the following issues related to methods,
model development and data input/output that impact the success of
BPM project and DES usage: (1)

a quality of data and the accuracy of model validation is identified as
the highest ranked requirements; (2) gathering intelligence from
available sources and fitting appropriate distributions to empirical input
data influence project results in a positive way; (3) the usage of
appropriate methods for validating the model or its output data (e.g.
sensitivity analysis, optimization); (4) simplicity of a method in order to
allow non-experts to understand, analyze or communicate issues related
to logic contained within a model; (5) trustworthiness of the model
concerning cost estimations in correspondence with reality; (6) the
attention must be turned to aesthetics of the model and model
composability issues.

Organizational
culture and
people

Research papers indicate the following issues related to organizational
culture and people that impact the success of BPM project and DES
usage: (1) education on simulation is important because “if business
professionals do not know much about simulations, programming
languages, or statistical packages, they cannot ask ad-hoc questions
about future outcomes of their business processes”’[paper ID 21]; (2) the
lack of interactivity between provider and customer can cause the
project failure; (3) readiness of organizations to understand and
implement the improvements is of great importance.

Communicatio
n

Research papers indicate the following issues related to
communication that impact the success of BPM project and DES
usage: (1) incorporating expert opinions in the re-engineering process,
seeing simulations “as an effective tool for communication between
model developers and users” [paper ID 37] and allowing mutual control
by the researcher and client; (2) decomposition of enterprise
requirements allows that analysis and understanding of process issues
becomes easier.

Top
management
support and
strategic
alignment

Research papers indicate the following issues related to top
management and strategic alignment that impact the success of BPM
project and DES usage: (1) management must give support through all
phases of simulation project; (2) management must encourage
communication so that experts “could contribute their knowledge and
information about the processes ” [paper ID 19]; (3) readiness of using
new optimization algorithms instead of relying on experience and
intuition of management can contribute the project success.

Governance

Research papers indicate the following issues related to governance
that impact the success of BPM project and DES usage: (1) provider’s
readiness to ensure “flexible data management for updating and
extending the model” [paper ID 35] is especially important; (2)
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providers and customers must initiate and support corrective actions for
continuous improvement and evolution of the simulation models in use.
Other Hardware characteristics, technical features, software compatibility and
coding aspects can be of relevance for the success of simulation.

Table 8. Description of the statements that relate to the delivery of DES in BPM projects and
its success

6. Conclusion

The goal of the paper was to present the results of the systematic literature review of
research papers that report usage of DES in BPM projects. The papers (54) were
selected from the WoS and Scopus databases that report the case studies of BPM using
DES. We have searched the period from 1994 to 2015, using the search based on the
specific keywords (business process) AND (discrete AND simulation).

Following conclusions emerge from our analysis. First, the longitudinal trend
analysis of the DES reporting in BPM projects (RQ1) revealed that most of the papers
were published from 2005 to 2015, which is in line with the research of other authors
[19], [20]. Our analysis indicated that the usage of DES in BPM projects is the most
often found in Manufacturing and Transportation and storage industries (RQ?2),
although several case studies were applied in service industries, like Financial and
insurance activities. Third research goal (RQ3) focusing to the impact of DES to
success of BPM achieved, through the analysis of DES CFSs that were reported as
important for BPM project success.

The most important contribution of our study is to present the systematic overview
of usage of DES in BPM with the focus on how the authors of the papers report on
that issue. Since we have found out that the authors of the papers scarcely and quite
rarely report on that issue our future research should focus on defining the standards
of DES reporting in BPM.

Limitation of our work stems from the fact that we have focused only to the
research papers, while full depth and breadth of BPM case studies using DES could
be investigated using other approaches, like action research, and multi case study.

Appendix A: List of selected papers

Paper | Paper reference
ID
1 Potter, A., Yang, B., Lalwani, C.: A simulation study of despatch bay
performance in the steel processing industry. EUROPEAN JOURNAL OF
OPERATIONAL RESEARCH Volume: 179 Issue: 2 Pages: 567-578 , 2007

2 Gutjahr, WJ., Strauss, C., Wagner, E.: A stochastic branch-and-bound approach
to activity crashing in project management. INFORMS JOURNAL ON
COMPUTING Volume: 12 Issue: 2 Pages: 125-135, 2000

3 Janssen, M., Verbraeck, A.: An agent-based simulation testbed for evaluating
internet-based matching mechanisms. SIMULATION MODELLING
PRACTICE AND THEORY Volume: 13 Issue: 5 Pages: 371-388, 2005
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Chan, KK., Spedding, TA.: An integrated multidimensional process improvement
methodology for manufacturing systems. COMPUTERS & INDUSTRIAL
ENGINEERING Volume: 44 Issue: 4 Pages: 673-693, 2003

Dorsch, C., Hackel, B.: Combining models of capacity supply to handle volatile
demand: The economic impact of surplus capacity in cloud service environments.
DECISION SUPPORT SYSTEMS Volume: 58 Special Issue: SI Pages: 3-14,
2014

Liston, P., Byrne, J., Byrne, PJ., Heavey, C.: Contract costing in outsourcing
enterprises: Exploring the benefits of discrete-event simulation.
INTERNATIONAL JOURNAL OF PRODUCTION ECONOMICS Volume:
110 Issue: 1-2 Pages: 97-114, 2007

Giaglis, GM., Paul, RJ., O'Keefe, RM.: Discrete simulation for business
engineering. COMPUTERS & INDUSTRIAL ENGINEERING Volume:
37 Issue: 1-2 Pages: 199-202, 1999

Doerner, K., Gutjahr, WJ., Kotsis, G., Polaschek, M., Strauss, C.: Enriched
workflow modelling and Stochastic Branch-and-Bound. EUROPEAN
JOURNAL OF OPERATIONAL RESEARCH, Volume: 175 Issue: 3 Pages:
1798-1817, 2006

Kumar, S., Nottestad, D.: A Flexible capacity design for the Focus Factory - a
case study. INTERNATIONAL JOURNAL OF PRODUCTION

RESEARCH Volume: 47 Issue: 5 Pages: 1269-1286 Paper Number: PII
783361911, 2009

10

Robinson, S.: General concepts of quality for discrete-event simulation.
EUROPEAN JOURNAL OF OPERATIONAL RESEARCH Volume:
138 Issue: 1 Pages: 103-117, 2002

11

Laurier, W., Poels, G.: Invariant conditions in value system simulation models.
DECISION SUPPORT SYSTEMS Volume: 56 Pages: 275-287, 2013

12

Andriulo, S., Elia, V. Gnoni, MG.: Mobile self-checkout systems in the FMCG
retail sector: A comparison analysis. INTERNATIONAL JOURNAL OF RF
TECHNOLOGIES-RESEARCH, Pages: 207-224, 2015

13

van der Vorst, JGAJ., Beulens, AJM., ; van Beek, P.: Modelling and simulating
multi-echelon food systems. EUROPEAN JOURNAL OF OPERATIONAL
RESEARCH Volume: 122 Issue: 2 Pages: 354-366, 2000

14

Ahmed, R., Robinson, S.: Modelling and simulation in business and insights into
the processes and practices of expert modellers. JOURNAL OF THE
OPERATIONAL RESEARCH SOCIETY Volume: 65 Issue: 5 Pages: 660-672,
2014

15

Mulekar, MS., Matejcik, FJ.: On selecting a process with the smallest number of
unfortunate events. JOURNAL OF THE OPERATIONAL RESEARCH
SOCIETY Volume: 57 Issue: 4 Pages: 416-422, 2006

16

Kleijnen, JPC., Smits, MT.: Performance metrics in supply chain management.
JOURNAL OF THE OPERATIONAL RESEARCH SOCIETY Volume:
54 Issue: 5 Pages: 507-514, 2003

17

Kosturiak, J., Gregor, M.: Simulation in production system life cycle.
COMPUTERS IN INDUSTRY Volume: 38 Issue: 2 Pages: 159-172, 1999

18

Son, YJ., Joshi, SB., Wysk, RA., Smith, JS.: Simulation-based shop floor control.
JOURNAL OF MANUFACTURING SYSTEMS Volume: 21 Issue: 5 Pages:
380-394, 2002

JIOS, VOL. 41, NO. 2 (2017), PP. 137-159
151



BosIL) VUKSIC, PEJI¢C BACH AND TOMICIC-PUPEK UTILIZATION OF DISCRETE EVENT SIMULATIONS...

19

Bevilacqua, M., Ciarapica, FE., Mazzuto, G., Paciarotti, C.:: The impact of
business growth in the operation activities: a case study of aircraft ground
handling operations. PRODUCTION PLANNING & CONTROL Volume:
26 Issue: 7, Pages: 588-604, 2015

20

Byrne, PJ., Heavey, C.: The impact of information sharing and forecasting in
capacitated industrial supply chains: A case study. INTERNATIONAL
JOURNAL OF PRODUCTION ECONOMICS Volume: 103 Issue: 1 Pages:
420-437, 2006

21

Balasubramanian, P, Tuzhilin, A.: Using query-driven simulations for querying
outcomes of business processes. DECISION SUPPORT SYSTEMS Volume:
16 Issue: 4 Pages: 275-295, 1996

22

Tan, WN., Xu,W., Yang, FJ., Xu, LD., Jiang, CQ.: A framework for service
enterprise workflow simulation with multi-agents cooperation. ENTERPRISE
INFORMATION SYSTEMS Volume: 7 Issue: 4 Pages: 523-542, 2013

23

Chongwatpol, J., Sharda, R.: Achieving Lean Objectives through RFID: A
Simulation-Based Assessment. DECISION SCIENCES Volume: 44 Issue:
2 Pages: 239-266, 2013

24

Zarei, B.: Simulation for business process re-engineering: case study of a
database management system. JOURNAL OF THE OPERATIONAL
RESEARCH SOCIETY Volume: 52 Issue: 12 Pages: 1327-1337, 2001

25

Kofjac, D., Kljajic, M., Rejec, V.: The anticipative concept in warehouse
optimization using simulation in an uncertain environment. EUROPEAN
JOURNAL OF OPERATIONAL RESEARCH Volume: 193 Issue: 3 Pages:
660-669, 2009

26

Vernadat, F., Shah, L., Etienne, A.,Siadat, A.: VR-PMS: a new approach for
performance measurement and management of industrial systems.
INTERNATIONAL JOURNAL OF PRODUCTION RESEARCH Volume:
51 Issue: 23-24 Pages: 7420-7438, 2013

27

Mustafee, N., Taylor, S., Katsaliaki, K., Dwivedi, Y., Williams, M.: Motivations
and barriers in using distributed supply chain simulation. INTERNATIONAL
TRANSACTIONS IN OPERATIONAL RESEARCH Volume: 19 Issue:

5 Pages: 733-751, 2012

28

Karagiannaki, A., Doukidis, G., Pramatari, K.,: A framework for mapping the
RFID-enabled process redesign in a simulation model, 2014, JOURNAL OF
THE OPERATIONAL RESEARCH SOCIETY Volume: 65 Issue: 11 Pages:
1700-1710, 2014

29

Mans, R., Reijers, H., Wismeijer, D., van Genuchten, M.: A process-oriented
methodology for evaluating the impact of IT: A proposal and an application in
healthcare, 2013, INFORMATION SYSTEMS Volume: 38 Issue: 8 Special
Issue: SI Pages: 1097-1115, 2013

30

Afshar-Kazemi, M.A., Toloie-Eshlaghy, A., Abadi, P.D.-S.: Application of
simulation of queue network for reengineering of business processes (case study:
Process of remittance and withdrawal from bank current account (ordinary and
golden), European Journal of Economics, Finance and Administrative Sciences,
(36), Pages: 7-18., 2011

31

Brigandi, AJ., Dargon, DR., Sheehan, MJ., Spencer, T.: AT&T’s call processing
simulator (CAPS) operational design for inbound call centers, 1994,
INTERFACES Volume: 24 Issue: 1 Pages: 6-28, 1994

152

JIOS, VOL. 41, NO. 2 (2017), PP. 137-159




JOURNAL OF INFORMATION AND ORGANIZATIONAL SCIENCES

32

Pecek, B,. Kovacic, A.: business process management: use of simulation in the
public sector, 2011, EKONOMSKA ISTRAZIVANJA - ECONOMIC
RESEARCH, Volume: 24 Issue: 1 Pages: 95-106, 2011

33

Liu, Y.,Iijima, J.: Business process simulation in the context of enterprise
engineering, 2015, JOURNAL OF SIMULATION Volume: 9 Issue: 3 Pages:
206-222,2015

34

Wei, D., Jin, Y., Wang, Z., Wu, E.-F., Yan, J.-Q.: Business process-based
simulation model for manufacturing system, 2004, Shanghai Jiaotong Daxue
Xuebao/Journal of Shanghai Jiaotong University, 38 (6), Pages: 8§70-873, 2004

35

Wohlgemuth, V., Page, B., Kreutzer, W.: Combining discrete event simulation
and material flow analysis in a component-based approach to industrial
environmental protection, 2006, ENVIRONMENTAL MODELLING &
SOFTWARE Volume: 21 Issue: 11 Pages: 1607-1617, 2006

36

Bosilj-Vuksic, V., Ceric, V., Hlupic, V.: Criteria for the evaluation of business
process simulation tools, 2007, Interdisciplinary Journal of Information,
Knowledge, and Management, 2, Pages:73-88, 2007

37

Cagnan, Z., Davidson, R.A.: Discrete event simulation of the post-earthquake
restoration process for electric power systems, 2007, International Journal of
Risk Assessment and Management, 7 (8), Pages: 1138-1156, 2007

38

Levine, LO., AURAND, SS.: Evaluating automated work-flow systems for
administrative processes, 1994, INTERFACES Volume: 24 Issue: 5 Pages:
141-151, 1994

39

Vazquez-Abad, F.J., Zubieta, L.: Ghost simulation model for the optimization of
an urban subway system, 2005, Discrete Event Dynamic Systems: Theory and
Applications, 15 (3), Pages: 207-235, 2005

40

Xie, Y., Tang, R.-Z., Wang, X.: Integrating IDEF3 and discrete event approach
for business process modeling and simulation, 2005, Journal of Harbin Institute
of Technology (New Series), 12 (SUPPL. 2), Pages: 21-28, 2005

41

Huhn, O., Markl, C., Bichler, M.: On the predictive performance of queueing
network models for large-scale distributed transaction processing systems, 2009,
INFORMATION TECHNOLOGY & MANAGEMENT, Volume: 10 Issue: 2-3
Pages: 135-149, 2009

42

Ryan, J., Heavey, C.: Process modeling for simulation, 2006, COMPUTERS IN
INDUSTRY, Volume: 57 Issue: 5 Pages: 437-450, 2006

43

Bottani, E.: Reengineering, simulation and data analysis of an RFID system,
2008, Journal of Theoretical and Applied Electronic Commerce Research, 3 (1),
Pages: 13-29, 2008

44

Houshyar, A.: Review of Extend (TM) performance in modeling a nuclear fuel
transfer activity, 1997, SIMULATION, Volume: 68 Issue: 6 Pages: 403-412,
1997

45

Amini, M., Otondo, RF., Janz, B.D., Pitts, M.G.: Simulation Modeling and
analysis: A collateral application and exposition of RFID technology, 2007,
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47 Wenzel, S., Jessen, U., The integration of 3-D visualization into the simulation-
based planning process of logistics systems, 2001, SIMULATION, Volume: 77
Issue: 3-4 Pages: 114-127, 2001

48 Wang, J., De Wilde, P., Wang, H.: Topological analysis of a two coupled

evolving networks model for business systems, 2009, EXPERT SYSTEMS
WITH APPLICATIONS, Volume: 36 Issue: 5 Pages: 9548-9556, 2009

49 Greasley, A.: Using simulation for facility design: A case study, 2008,
SIMULATION MODELLING PRACTICE AND THEORY, Volume: 16 Issue:
6 Pages: 670-677, 2008

50 Sobolev, B., Harel, D., Vasilakis, C., Levy, A.: Using the Statecharts paradigm
for simulation of patient flow in surgical care, 2008, Health Care Management
Science, 11 (1), Pages: 79-86, 2008

51 Bevilacqua, M., Ciarapica, F.E., Giacchetta, G.: Value Stream Mapping in
Project Management: A Case Study, 2008, PROJECT MANAGEMENT
JOURNAL, Volume: 39 Issue: 3 Pages: 110-124, 2008

52 Michael, S., Mariappan, V.: Strategic role of capacity management in electricity
service centre using markovian and simulation approach, 2012, International
Journal of Business and Systems Research, 6 (1), Pages: 59-88, 2012

53 Agyapong-Kodua, K., Wahid, B.M., Weston, R.H.: Towards the derivation of an
integrated process cost-modelling technique for complex manufacturing systems,
2011, INTERNATIONAL JOURNAL OF PRODUCTION RESEARCH,
Volume: 49, Issue: 24 Pages: 7361-7377, 2011

54 Johnstone, M., Le, V.T.; Zhang, J., Gunn, B., Nahavandi, S., Creighton, D.: A
dynamic time warped clustering technique for discrete event simulation-based
system analysis, 2015, EXPERT SYSTEMS WITH APPLICATIONS, Volume:
42, Issue: 21 Pages: 8078-8085, 2015

Appendix B: CSFs of BPM

2

CSFs of BPM
Bai and Sarkis | Van Looy et al. [34] Buh et al. [32]
[33]
Strategic Modelling: Top management support,
alignment (1) BP analysis (1); BP design management involvement (1)

Top management

Deployment:

Strategic alignment (linkage to

management (3)

(5); BP improvement (6)

support (2) implementation (3); organization strategy, alignment of
measurement and control process to organizational goals) (2)
4)

Project Optimization: BP evaluation | People (capable and motivated

employees, training and empowerment
of employees, personnel commitment)

3)

Performance
measurement (4)

Management: strategy and
KPIs (7); external
relationships and SLAs (8);
roles and responsibilities

Methods, methodology (4)
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(9); skills and training (10);
daily management (11)

User focus (5) Culture: values (12); Communication (5)

attitudes and behaviors (13);
appraisals and rewords (14);
top management
commitment (15)

Information Structure: organization chart | Information technology, technology

technology (6) (16); governance bodies support, level of IT investments (6)
an

Culture (7) Culture, organizational culture

(culture of change, culture of
collaboration) (7)

Collaborative Project management, change
environment (8) management, project champion

(clearly defined objectives, purpose
and plan of BPM project; defined
roles and responsibilities) (8)

Performance measurement
(measurable results) (9)

Governance (10)

Understanding the BPM concept,
understanding the process (11)

Continuous improvement, continuous
Optimization (12)

Clearly defined process owners (13)

References

[1] M. Rosemann and J. Vom Brocke, The Six Core Elements of Business
Process Management, Berlin, Heidelberg, Springer, 2015.

[2] J. Banks, Introduction to simulation, in Proc. 2000 Winter Simulation
Conference, Orlando, FL, 2000, pp. 9-16.

[3] M. Aguilar et al., Business process simulation: a fundamental step
supporting process centred management, in Proc. 1999 Winter Simulation
Conference, Phoenix, AZ, 1999, pp. 1383-1392.

[4] J.P.P. Ravesteyn and J. Versendaal, Success factors of business process
management systems implementation, in Cater—Steel, in Proc. 18th
Australasian Conference on Information Systems, Toowoomba, Australia,
2007, pp. 396-406.

[5] Margherita, Business process management system and activities: Two

integrative definitions to build an operational body of knowledge, Business
Process Management Journal, vol. 20, no. 5, pp. 642-662, 2014.

JIOS, VOL. 41, NO. 2 (2017), PP. 137-159
155



BosIL] VUKSIC, PEJIC BACH AND TOMICIC-PUPEK UTILIZATION OF DISCRETE EVENT SIMULATIONS...

[6] V. Bosilj Vuksic, et al., Business process management systems selection
guidelines: Theory and practice, in Proc. 39th International Convention on
Information and Communication Technology Electronics and
microelectronics, Opatija, Croatia, 2016, pp. 1476-1481.

[7] M.B. Juric and K. Pant, Business process driven SOA using BPMN and
BPEL, Birmingham — Mumbai, Packt publishing, 2008.

[8] W.M.P. Van der Aalst, Business Process Management: A Comprehensive
Survey, ISRN Software Engineering, vol. 2013, (2013), Available:
http://dx.doi.org/10.1155/2013/507984

[9] V. Bosilj Vuksic et al., Assesment of E-Business Transformation Using
Simulation Modeling, Simulation, vol. 78, no. 12, pp. 1-12, 2002.

[10] S. Bisogno et al., Combining modeling and simulation approaches,
Business Process Management Journal, vol. 22, no. 1, pp. 56-74, 2016.

[11] M. Bolsinger et al., Process improvement through economically driven
routing of instances, Business Process Management Journal, vol. 21, no. 2,
pp. 353-378, 2015.

[12] B. Pecek, and A. Kovaci¢, Business Process Management: Use of
Simulation in the Public Sector, Economic Research-Ekonomska
Istrazivanja, vol. 24, no. 1, pp. 95-106, 2011.

[13] M. Bertolini et al., Business process reengineering in healthcare
management: a case study, Business Process Management Journal, vol. 17,
no. 1, pp. 42-66, 2011.

[14] J. Lee et al., A business process simulation framework incorporating the
effects of organizational structure, International Journal of Industrial
Engineering, vol. 22, no. 4, pp. 454-466, 2015.

[15] M. Dumas et al., Fundamentals of Business Process Management, Berlin,
Heidelberg, Springer, 2013.

[16] A.Mahal, How Work Gets Done. Business Process Management, Basics
and Beyond, New Jersey, Technics Publications, 2010.

[17] H.M. Cooper, Research Synthesis and Meta-Analysis: A Step-by-Step
Approach, Los Angeles, CA, Sage Publications, 2010.

[18] J. Webster and R.T. Watson, Analyzing the past to prepare for the future:
writing a literature review, MIS Quarterly, vol. 26, no. 2, pp. 13-23, 2002.

[19] S.M. Shafer and T.L. Smunt, Empirical simulation studies in operations
management: context, trends, and research opportunities, Journal of
Operations Management, vol. 22, no. 4, pp. 345-354, 2004.

156

JIOS, VOL. 41, NO. 2 (2017), PP. 137-159



JOURNAL OF INFORMATION AND ORGANIZATIONAL SCIENCES

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[31]

J.R. Harrison et al., Simulation modeling in organizational and
management research, Academy of Management Review, vol. 32, no. 4, pp.
1229-1245,2007.

P. Trkman, The critical success factors of business process management,
International Journal of Information Management, no. 30, pp. 125-134,
2010.

G. Thompson, et al., “Towards a BPM Success Model: An Analysis in
South African Financial Services Organisations Enterprise”, In Business-
Process and Information Systems Modeling, T. Halpin, et al. Eds. Berlin,
Heidelberg: Springer, 2009, pp.1-13.

M. Rosemann, et al. “A model to measure Business Process Management
Maturity and improve performance”. In Business Process Management, J.
Jeston and J. Nelis Eds. Butterworth-Heinemann, London, 2006, pp. 299-
315.

P. Ravesteyn and R. Batenburg, Surveying the critical success factors of
BPM-systems implementation, Business Process Management Journal,
vol. 16, no. 3, pp. 492 — 507, 2010.

V. Bosilj Vuksic et al., Criteria for the Evaluation of Business Process
Simulation Tools, Interdisciplinary Journal of Information, Knowledge,
and Management, vol. 2, pp. 73-88, 2007.

R. McHaney et al., Simulation project success and failure: Survey findings.
Simulation and Gaming, vol. 33, no. 1, pp. 49-66, 2002.

N. Melao and M. Pidd, Use of business process simulation: A survey of
practitioners. Journal of the Operational Research Society, vol. 54, no. 1,
pp. 2—-10, 2003.

S.P. Murphy and T. Perera, Successes and failures in UK/US development
of simulation, Simulation Practice and Theory, vol. 9, no. 6-8, pp. 333—
348, 2002.

M. Jahangirian et al., Key performance indicators for successful simulation
projects, Journal of the Operational Research Society, (2016).
doi:10.1057/jors.2016.1

T.W. Tewoldeberhan et al., Implementing A Discrete Event Software
Selection Methodology for Supporting Decision Making at Accenture,
Journal of the Operational Research Society, vol. 61, no. 10, pp. 1446-
1458, 2010.

M. Pidd, Computer Simulation in Management Science, Chichester, John
Wiley & Sons, 2004.

JIOS, VOL. 41, NO. 2 (2017), PP. 137-159
157



BosIL] VUKSIC, PEJIC BACH AND TOMICIC-PUPEK UTILIZATION OF DISCRETE EVENT SIMULATIONS...

[32]

[33]

[34]

[37]

[38]

[39]

[40]

[41]

[44]

B. Buh et al., Critical success factors for different stages of business
process management adoption — a case study, Economic Research-
Ekonomska Istrazivanja, vol. 28, no. 1, pp. 243-258, 2015.

C. Bai and J. Sarkis, A grey-based DEMATEL model for evaluating
business process management critical success factors, Int.J. Production
Economics, vol. 146, no. 1, pp. 281-292, 2013.

A. Van Looy et al., A conceptual framework for classification of capability
areas for business process maturity, Enterprise Information Systems, vol.8,
no.2, pp. 188-224, 2014.

S. Robinson, Measuring service quality in the process of delivering a
simulation study: The customer's perspective, International transactions in
operational research, vol. 5, no. 5, pp. 357-374, 1998.

S. Robinson and M. Pidd, Provider and Customer Expectations of
Successful Simulation Projects, Journal of the Operational Research
Society, vol. 49, no. 3, pp. 200-209, 1998.

M. Pidd. Service quality in the management of simulation projects, /995
Winter Simulation Conference Proceedings, Arlington, VA, 1995, pp. 952-
962.

E. Altsitsiadis, Marketing health care simulation modelling: Towards an
integrated service approach, Simulation, vol. 5, no. 2, pp. 123-131, 2011,
doi:10.1057/j0s.2010.12.

T.W. Tewoldeberhan et al., An evaluation and selection methodology for
discrete-event simulation software, in Proc. 2002 Winter Simulation
Conference, San Diego CA, 2002, pp. 67-75.

B.W. Hollocks, Forty Years of Discrete-Event Simulation: A Personal
Reflection, Journal of the Operational Research Society, vol. 57, no. 12,
pp. 1383-1399, 2006.

M.H. Jansen-Vullers and M. Netjes, Business process simulation - tool
survey, The Seventh Workshop on the Practical Use of Coloured Petri Nets
and CPN Tools, DAIMI PB; 579, University of Aarhus, Aarhus, Denmark,
pp. 77-96, 2006.

S. Robinson, Discrete-Event Simulation: From the Pioneers to the Present,
What Next?, Journal of the Operational Research Society, vol. 56, no. 6,
pp. 619-629, 2005.

G.A. Diaz, A management methodology for simulation projects, in Global
Conference on Business and Finance Proc., Las Vegas, NV, 2015, Vol.10,
No.2, pp. 143-148.

H.J. Harrington and K. Tumay, Simulation Modeling Methods: To Reduce
Risks and Increase Performance, New York, NY, McGraw-Hill, 2000.

158

JIOS, VOL. 41, NO. 2 (2017), PP. 137-159



JOURNAL OF INFORMATION AND ORGANIZATIONAL SCIENCES

[45] A. Greasley, Using business-process simulation within a business-process
reengineering approach, Business Process Management Journal, Vol. 9,
No. 4, pp. 408 — 420, 2003.

JIOS, VOL. 41, NO. 2 (2017), PP. 137-159
159





