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Abstract

Digital competences should be considered in teacher education and professional
development. The Technological Pedagogical Content Knowledge (TPACK)
framework represents the knowledge required by teachers in order to successfully
integrate technology into the teaching process. The Survey of Pre-service Teachers’
Knowledge of Teaching and Technology (SPTKTT) is one of the inventories developed
to measure the TPACK framework. The aim of this study is to validate the SPTKTT
inventory in the context of the Croatian education system by the use of exploratory and
confirmatory factor analysis. Results showed that the new context structure of the
SPTKTT inventory consists of nine factors, while confirmatory factor analysis
established that the two Content Knowledge factors can actually be unified. This can
be explained by differing content organization in education systems. There were also
differences in the distribution of some of the remaining factors. Internal consistency of
the inventory shows high reliability.

Keywords: TPACK framework, SPTKTT inventory, validation, exploratory factor
analysis, confirmatory factor analysis

1. Introduction

The development of education in the 21st century has displayed the importance of
technology in improving the learning and teaching processes. Digital knowledge
sources are now more accessible to all, and the introduction of information and
communication technology (ICT) and new digital educational content requires
teachers, counselors, mentors, and trainees to master the ability to introduce new
approaches. Therefore, uninterrupted professional development is imperative for all
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educators and professional associates in order to aid the process of recognizing and
developing the technological competencies of their students. All higher educational
systems now emphasize the need for the development of digital knowledge, skills, and
accountability in both students and teachers alike. Croatian educational strategies also
stress that rapid technological changes create great challenges in the teaching
profession, requiring profound changes in education and learning [1].

The Croatian Education and Teacher Training Agency composed a strategy for
teacher training and professional development [2] that defines professional
advancement as improving knowledge of the specific subject matter, as well as
didactic methodology, and emphasizing the use of ICT in teachers’ work and
professional development. Competences in the area of education and training cover
subject-specific academic and didactic-methodical knowledge, such as personalized
learning outcomes. Basic teacher competences include working effectively with
information and communication technologies [2].

According to the Recommendation Concerning the Status of Teachers in the
Croatian education system, the term “teacher” is used for all persons responsible for
teaching until the completion of secondary education, including early childhood,
preschool, primary, technical, vocational, and artistic education [1].

Koehler and Mishra [3] have developed a framework of teacher knowledge for
technology integration called Technological Pedagogical Content Knowledge
(TPACK). The TPACK framework builds on Lee Shulman’s construct of Pedagogical
Content Knowledge (PCK) to include technological knowledge. It should be noted
that education for the 21st century involves not only the acquisition of knowledge but,
additionally, the development of skills and competences [4], [5]. By better describing
the types of knowledge teachers need (in the form of content, pedagogy, technology,
and their interactions) it allows teachers, researchers, and teacher educators to move
beyond oversimplified approaches that treat technology as an “add-on.” Instead, it
focuses upon the connections among technology, content, and pedagogy as they play
out in a classroom context [3]. The guidelines for progression in the TPACK
theoretical framework relate to the further development of instruments, as well as the
validation of existing ones, while being increasingly diverse in focus and method [6].

Schmidt et al. [7] created the inventory for measuring TPACK, named the Survey
of Pre-service Teachers’ Knowledge of Teaching and Technology (SPTKTT). The
authors of the instrument [7] carried out an exploratory factor analysis and confirmed
the theoretical structure with high factor loadings and Cronbach alpha coefficients.
However, Chai et al. [8] criticized their method for determining the factor structure of
the questionnaire [8], which highlights the need for further empirical research on this
measurement tool and its applications [9].

It should be noted that most quantitative studies have been conducted by Asian-
situated research groups. The TPACK surveys need to be validated in other contexts
to check for cultural differences [10]. Context is an important aspect of both
educational research and the TPACK theoretical framework, but it is often omitted in
TPACK research, or its meaning is not clearly indicated [11].

The Croatian education system is divided into four categories. There is first
preschool education, implemented in kindergartens and preschool institutions. The
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second is elementary education, beginning with enrollment into the first grade. It is
compulsory for all children, and in general, it begins at the age of six and lasts for
eight years. It is divided into two stages: grades one to four, when the students
generally have one teacher, and grades five to eight, when students change teachers
for each subject. Subjects areas covered in grades one to four are Croatian language,
Mathematics, Nature and Society, Visual and Music Art, and Physical Education. The
third education category is secondary education. After completing elementary school,
students have the opportunity to continue their education voluntarily in secondary
schools. They are, depending on the type of educational program, divided into high
schools, vocational schools, and artistic secondary schools. State graduation exams
are obligatory for high school students, but may be taken by students of other schools
as well. The final category is higher education, where students are enrolled at the
desired institution on the basis of their State graduation exam results [12].

Though education in the United States may vary some at the state level, it is
generally organized into three principal categories. The first is elementary school,
which is compulsory and begins at the age of five or six in most states and lasts to 12
or 14 years of age. Subject areas learned at this educational stage are Language Arts,
Mathematics, Social Studies/Citizenship, Science, Visual and Music Arts, and
Physical Education. Secondary school begins at the fourth or ninth grade, depending
on the duration of the previous education level, and leads to the high school diploma.
Higher education, the final category, is diverse. High school graduates who decide to
continue their education may enter a technical or vocational institutions, a two-year
college, or a four-year college or university [13].

Due to the distinctions within the educational systems, particularly concerning the
subject areas studied at the elementary stage, factor analysis was conducted to
determine possible differences in factor structure.

This research validates the SPTKTT inventory carried out by exploratory and
confirmatory factor analysis in the Croatian education system context and aims to
address the following questions:

1. What factors of the TPACK are perceived by Croatian students of primary
education study programs (pre-service teachers) when the SPTKTT inventory
is being used?

2. Do differences in educational systems affect the factor structure of the
TPACK framework measured by the SPTKTT inventory?

2. Technological Pedagogical Content Knowledge Framework

As noted above, Koehler and Mishra’s TPACK model emphasizes technological
knowledge, building Lee Shulman’s construct of PCK. The model consists of three
main components of teachers’ knowledge: Content (CK), Pedagogy (PK), and
Technology (TK). Equally important to the model are the interactions between and
among these bodies of knowledge, represented as: PCK (Pedagogical Content
Knowledge), TCK (Technological Content Knowledge), TPK (Technological
Pedagogical Knowledge), and TPACK (Technological Pedagogical Content
Knowledge), as shown in Figure 1. The interaction of these bodies of knowledge, both
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theoretically and in practice, produces the types of flexible knowledge needed to
successfully integrate technology into teaching [3].
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Figure 1. The TPACK framework (reproduced by permission of the publisher, © 2012 by

tpack.org)

Koehler and Mishra [3] explained each of the domains and their intersection in
the following way:

Content knowledge (CK) is teachers’ understanding concerning the subject
matter to be learned or taught, and it is of critical importance. This knowledge
includes concepts, theories, ideas, organizational frameworks, evidence, and
proof, as well as established practices and approaches for instruction
concerning the topic. It is pivotal that educators understand the deeper
fundamentals of the disciplines that they teach.

Pedagogical knowledge (PK) is teachers’ understanding concerning the
processes, practices, and methods of teaching and learning. This form of
knowledge applies to understanding how students learn, general classroom
management skills, lesson planning, and student assessment. A teacher with
in-depth pedagogical knowledge understands how students learn, what is
required for skill acquisition, and ways to ensure the development of good
mental habits and a positive disposition toward learning.

Pedagogical Content Knowledge (PCK) is similar to Shulman’s idea of
pedagogy, in that it is applicable to the teaching of specific content. In this
context, the notion of the “transformation” of a subject matter for teaching is
very important. This transformation occurs as the teacher interprets the topic,
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finds multiple ways to represent it, and adapts and tailors the instructional
materials to alternative concepts and students’ prior knowledge.

Technology Knowledge (TK), due to its nature, is difficult to define without
the danger of that definition becoming outdated. According to the TPACK
framework, this kind of knowledge requires a broad understanding of
information technology, with the ability to apply it productively at work and
in daily life, recognize when it can assist or impede the achievement of a goal,
and continually adapt to its changes.

Technological Content Knowledge (TCK) is an understanding of how
technology and content influence and constrain one another. Teachers need
to master more than the subject matter they teach; they must also have an in-
depth understanding of the manner in which the topic can be changed by the
application of particular technologies. Teachers need to understand which
specific technologies are best suited for addressing subject-matter learning in
their domains.

Technological Pedagogical Knowledge (TPK) is an understanding of how
teaching and learning can change when technologies are used in specific
ways. TPK is particularly important because most popular software programs
are not designed with education in mind. Teachers need to develop skills to
look beyond common uses for technologies, reconfiguring them for
customized pedagogical purposes. Thus, TPK requires an innovative and
open-minded use of technology for the sake of advancing student learning.
Technological —Pedagogical Content Knowledge (TPACK) is an
understanding that emerges from interactions among content, pedagogy, and
technology knowledge, building upon an understanding of all three individual
concepts. TPACK is the basis of truly effective and skilled teaching with
technology, requiring an understanding of the concepts that utilize it. It
encompasses pedagogical techniques that use technologies in constructive
ways to teach content; an understanding of how to integrate technology to
address possible learning difficulties; an assessment of students’ prior
knowledge and theories of epistemology; and the ability to use technologies
to build on existing knowledge, developing new methods or strengthening
previous ones.

The TPACK highlights knowledge transformation. Teachers rely on it when
designing and implementing curriculum to guide learning with digital technologies in
various content areas [14].

Literature Review

The most significant contributions of the TPACK framework are in the field of teacher
education and continuous professional development.

The instructional techniques and other factors that influence the development of
technological knowledge have been investigated in recent literature. Learning by
design appears to be an effective instructional technique to develop a deeper
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understanding of the complex web of relationships between content, pedagogy,
technology, and the contexts in which they function [15].

According to Kushner, Benson, Ward, and Liang [16, p. 16], it is clear that
technology cannot be considered an isolated solution for transforming education.
Their research supports the premise that PK and TPK are key factors to the
development of TPACK, even more so than extensive technology skills training.
Professional development focused solely on the development of technology
knowledge will not lead to effective integration. If narrow technology training is
carried out in order to successfully integrate it into the teaching process and these
initiatives fail, most look to the technology as the point of breakdown. However, it is
usually the absence of pedagogical, content, or implementation strategies that leads to
the lack of perceived success. Since the TPACK framework is pedagogically free [17],
it is important that TPACK-based professional development for teachers is flexible
and inclusive enough to accommodate the full range of teaching philosophies, styles,
and approaches [18].

One of the significant limitations of the TPACK framework is that it is neutral
with respect to the broader goals of education. For instance, the TPACK framework
does not address what kind of content needs to be covered and how it should be taught
[19]. Hence, the TPACK framework can be used for different pedagogical approaches
[17]. Koehler et al. [19, p. 109] emphasized the need for development in the area of
measuring how TPACK works in different disciplinary contexts, while Valtonen et
al. [17] distinguished two main challenges related to the available instruments;
namely, psychometric features and the nature of pedagogical knowledge. Several
TPACK measurement instruments have been developed. Their factor structure had
been determined, and ten of them are shown in Table 1.

Despite the construct validity of the TPACK framework being established,
Drummond and Sweeny [20] wanted to explore whether the self-reported knowledge
assessed by the TPACK scales might be supplemented by pre-service teachers’
objective knowledge in sub-areas of TPACK. After completing the TPACK-deep
survey [21], a series of statements about technology use for teaching was rated on a
six-point scale, with one indicating certainty that the statement is false and six
indicating certainty that the statement is true. The results suggest that the subjective
knowledge assessed by the TPACK scale (TPACK-deep) could be supplemented by
the inclusion of objective indices of technological pedagogical and content knowledge
to form a more complete picture of pre-service teachers’ TPACK.

Rosenberg and Koehler [11] note that some researchers have used TPACK
measurements to confirm the proposed TPACK framework structure with seven
domains, as represented in Fig. 1, while others have found support for fewer
components. Different studies resulted in various numbers of factors extracted during
the exploratory factor analysis: three [22], [23]; four [24]; five [8], [25], [26], [27];
six [17]; seven [7], [28]; eight [29]; and nine [10] (Table 1). A problem often
encountered in the TPACK survey research is the merging of factors during statistical
analyses for construct validation [10].

The authors of the SPTKTT inventory [7] conducted an exploratory factor
analysis over the inventory items and confirmed the factor structure with high factor
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loadings and Cronbach a coefficient values. Validation of the SPTKTT has been
questioned because the process of validation was conducted separately for each of the
seven domains of TPACK [8].

Number of .. Number of
Study items Participants (context) factors
(Schr;(;gtgf tal, 47 Undergraduate students 7
(g;igzglbza (1)1 ]lto()& 24 Online teachers 3
(Chai et al., 2010) 18 Singaporean preservice teachers 4
. Self-efficacy of Taiwanese
(Lee & Tsai, 2010) 30 teachers for web-based learning >
. Singaporean preservice teachers
(Chaietal,, 2011) 46 (ICT for meaningful learning) >
(Pamuk et al., 2015) 37 Preservice teachers 7
Preservice teachers (English as
(Baser et al., 2015) 39 foreign language) 5
(Valtonen et al., 36 Preservice teachers (ICT in the 6
2015) context of 21st century skills)
(Ritzhaupt et al., 47 Preservice elementary school 9
2016) teachers
(Luik et al., 2018) 56 Estonian preservice teachers 3

Table 1. Measurement instruments developed on the base of TPACK framework

Ritzhaupt et al. [9] also carried out the validation of the SPTKTT questionnaire
and found that there is no clear difference between the Pedagogical Knowledge,
Pedagogical Content Knowledge, Technological Pedagogical Knowledge, and
Technological Pedagogical Content Knowledge. These four subscales collapsed into
three unintended latent factors, one of which is composed of items from Pedagogical
Knowledge and Pedagogical Content Knowledge, while another includes items from
Technological Pedagogical Knowledge, Technological Pedagogical Content
Knowledge, Technology Knowledge, Social Science Content Knowledge, Science
Content Knowledge, Literacy Content Knowledge, Mathematics Content Knowledge,
and Technological Content Knowledge.

Pamuk et. al. [28] confirmed the structure of the seven factors of the SPTKTT
questionnaire. They suggested that further research studies carried out with the
proposed instrument in different contexts would be helpful in terms of not only
validating the instrument but also discussing the findings.
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4. Methodology

4.1. Sample

The data necessary to validate the inventory were collected during the 2015/16
academic year at five higher education institutions in the Republic of Croatia (Faculty
of Educational Sciences in Osijek and Slavonski Brod, Faculty of Teacher Education
in Zagreb and Cakovec, and Faculty of Humanities and Social Sciences in Osijek).
The sample consisted of 337 students and was collected through different study
programs that educate future preschool teachers (N=21), first through fourth grade
primary school teachers (N=301), and fifth through eighth grade primary school
teachers (N=15). The survey was collected on the undergraduate and graduate level
and includes all study years.

The most suitable sample size for factor analysis is not unanimously defined, and
there is a wide range of proposals on the subject. Sample size requirements are
decreasing over the years as the amount of research on a particular subject increases
([30, p. 372]). Some of the rules are as follows:

* The recommendations for minimal sample size N range from a minimum of 100
to 500 or even 1000 data. Kline [31, p. 73] states that a sample of 100 is quite
sufficient for data with a clear factor structure, and if the sample is smaller than
that, the results obtained should be confirmed in other samples.
* The recommendations for the minimum ratio of the sample size N and the number
of observed variables p range from 10:1 up to 2:1, where Kline [31, p. 74] states
that significant factors can clearly be extracted with the sample that was observed
at 2:1.
» The minimum sample size ratio N and the number of extracted factors should be
at least 20:1 [31].
» Lawley and Maxwell [32] suggest that the sample size should be higher than the
number of variables by 51.
All of the sample size recommendations above are fulfilled with the sample used in
this study.

4.2. Measurement Instrument

The Survey of Preservice Teachers' Knowledge of Teaching and Technology [7] is a
47-item Likert type scale survey with items (T1 — 47) that includes 10 subscale
measures for each TPACK domain, including four subscales for different areas of
content knowledge (Literacy, Social Studies, Mathematics, and Science) (Appendix
A). Participants rated their agreement with each item on a 5-point Likert type scale (5
= strongly agree, 4 = agree, 3 = neutral, 2 = disagree, 1 = strongly disagree). The
measure of TPACK domains used in this study represents participants' self-
assessment of their knowledge. Schmidt et al. described the development and
validation of this instrument and reported Cronbach's a coefficients for the subscales
ranging from .75 to .92. The survey was developed specifically for use with students
of the primary and/or early childhood education (pre-service teachers). It included
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multiple subscales to assess perceived content knowledge in all areas that the students
would potentially be teaching in their future classrooms, including Mathematics,
Science, Social Studies, and Literacy [33].

The SPTKTT focuses on very general pedagogical themes [17] and was used in
this research because of the generic nature of the items, since the sample consists of
students of elementary and/or early childhood education attending different study
programs and courses.

The original SPTKTT inventory was written in English. For the research
presented here, it was translated into Croatian using the double-translation method
and was proof-read.

5. Inventory Validation

5.1. Exploratory Factor Analysis

Considering the variations in the Croatian and American education systems, an
exploratory factor analysis (EFA) was conducted to find out potential differences in
factor structure. The exploratory factor analysis was carried out on the basis of all 47
items.

According to Norman [34], parametric statistics can be applied to data obtained
on a Likert scale, regardless of a small sample or a distribution that is abnormal or
contains uneven variance.

In the course of factor extraction, a principal components analysis was used, as
well as varimax normalized rotation for the purpose of an easier dimension
interpretation. In order to determine the number of factors, a Kaiser criterion of
eigenvalues > 1 was used [35]. The usage of Kaiser criterion resulted in the extraction
of nine factors which explain 67.9% of the variance (Table 2).

For the data interpretation, only factor loadings higher than 0.32 were considered
[36, p. 654]. Table 3 shows factor loadings for each item in relation to nine factors
after applying varimax normalized rotation.

Eigenvalues
Value Extraction: Principal components
Eigenvalue % Total Cumulative Cumulative
variance Eigenvalue %

1 14.63774 31.14413 14.63774 31.14413
2 3.74684 7.97200 18.38458 39.11614
3 3.00906 6.40226 21.39365 45.51840
4 2.47808 5.27251 23.87173 50.79091
5 2.24728 4.78144 26.11900 55.57235
6 1.84774 3.93136 27.96674 59.50371
7 1.45155 3.08841 29.41830 62.59213
8 1.32473 2.81857 30.74303 65.41070
9 1.18564 2.52264 31.92867 67.93333

Table 2. Eigenvalues and variances for each factor of the SPTKTT inventory extracted on the
base of Kaiser criterion (eigenvalues>1)
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Var. | Factor Loadings (Varimax normalized),
Extraction: Principal components (Marked loadings are >.32)

Factorl | Factor2 | Factor3 | Factor4 | Factor5 | Factor6 | Factor7 | Factor8 | Factor9

T1 0.1730 | 0.1317 0.0114 0.6675 | 0.1271 0.1960 | 0.1382 | 0.1175 | -0.0941

T2 0.0594 0.0826 0.1149 0.7314 | 0.1779 0.0250 | 0.1999 | 0.0637 | -0.1648

T3 0.0616 | -0.0055 0.1119 0.8003 0.0501 0.0097 | 0.0625 0.1651 | -0.0450

T4 0.0383 | -0.0058 0.1181 0.7763 | -0.1590 | 0.1060 | 0.0532 | 0.0107 | 0.2092

TS 0.0518 | 0.0352 0.0778 0.7797 | -0.0674 | 0.2166 | 0.1316 | 0.0983 | 0.1343

Té6 0.0542 | 0.1033 0.0273 0.6988 | 0.1732 | 0.1058 [ 0.1444 | 0.0141 0.0617

T7 0.2059 | 0.0420 0.0182 0.5909 | 0.1377 | 0.1134 | -0.0053 | 0.0762 | 0.1903

T8 0.0964 | 0.8537 0.0922 0.0835 [ 0.1101 0.0802 | 0.0588 | -0.0026 | -0.0217

T9 0.0633 0.8793 0.0306 0.1178 0.0860 0.1702 0.0071 0.0521 [ -0.0222

T10 | 0.0532 0.7425 -0.0046 0.0400 [ 0.0094 0.2382 0.1036 [ 0.1623 0.1870

T11 | 0.1052 0.0148 0.1318 0.2555 0.3395 0.5760 | -0.0208 | -0.0191 | 0.0963

T12 | 0.3729 | -0.0464 | 0.0767 0.0448 | 0.1759 | 0.6634 [ -0.1007 | -0.0648 | -0.0703

T13 | 0.1383 | -0.0120 0.0664 0.0728 0.1824 0.7061 0.0510 [ -0.0778 | 0.2607

T14 | 0.0364 | 0.2654 0.0742 0.1775 | 0.0979 | 0.7265 | 0.0319 | 0.1405 | -0.0456

T15 | -0.0191 | 0.1934 0.1140 0.1780 [ 0.0537 | 0.7757 | 0.1425 | 0.1938 | -0.0046

T16 | -0.0714 | 0.2580 0.0788 0.1224 | -0.0325 | 0.7331 0.1639 [ 0.2444 | 0.1023

T17 | 0.0618 0.1179 0.1014 0.1619 | 0.8032 0.1141 0.1179 [ 0.0399 [ -0.0082

T18 | 0.0866 0.1042 0.0926 0.0876 | 0.8290 0.1604 | 0.1569 | 0.0469 | 0.0241

T19 | 0.0810 | -0.0044 | 0.0931 0.0467 | 0.7653 | 0.2366 | 0.1088 | 0.1586 | 0.1530

T20 | 0.1000 | 0.0573 0.7605 0.1433 | 0.0866 | 0.0408 | -0.0812 | 0.1483 | -0.1128

T21 | -0.0220 | 0.0073 0.7658 0.0219 [ 0.0991 0.0551 0.2537 | 0.1398 [ 0.1188

T22 | -0.0123 | -0.0613 0.7384 0.0169 [ 0.0874 0.0660 | 0.2960 | 0.0792 | 0.1078

T23 | 0.1632 0.0637 0.7965 0.0397 [ 0.0686 0.0293 0.0705 0.0988 | 0.0518

T24 | 0.2463 | -0.0301 0.6543 0.0526 [ 0.0484 0.1204 | 0.2738 | 0.0760 | 0.1488

T25 | 0.3268 | 0.0132 0.5435 0.1330 [ -0.0468 [ 0.1325 0.0688 | -0.1805 [ 0.1027

T26 | 0.2031 0.1888 0.6038 0.1011 0.0382 | 0.1042 | -0.0058 | 0.1478 | 0.3353

T27 | 0.1812 | 0.3090 0.4913 0.1410 | 0.0071 0.0801 0.2301 0.1416 | 0.5548

T28 | 0.3003 | 0.0131 0.4385 0.1491 0.1176 | 0.2106 | 0.1299 | 0.0885 | 0.6444

T29 | 0.2016 0.1120 0.5067 0.1561 0.0244 0.3064 | 0.1953 0.2067 | 0.5163

T30 | 0.2533 | -0.0023 0.4482 0.0679 | 0.3111 0.0596 | 0.1822 | 0.1820 | 0.5646

T31 | 0.2003 0.3653 0.1502 0.1598 0.0274 | -0.0052 | 0.1152 | 0.7052 | 0.0902

T32 | 0.3330 | 0.0043 0.1644 0.1889 | 0.0500 | 0.1924 [ 0.1704 | 0.6485 | 0.1341

T33 | 0.2399 | 0.1079 0.1835 0.1324 | 0.0241 0.3726 | 0.1321 0.6944 | 0.0863

T34 | 0.3248 | -0.0578 | 0.1414 0.1257 | 0.2663 | 0.0332 | 0.2426 | 0.6585 | 0.0949

T35 | 0.3969 | 0.0188 0.2684 0.2163 | 0.2030 | 0.0163 | 0.4097 | 0.3842 | -0.0962

T36 | 0.4093 0.0158 0.2803 0.2097 | 0.2023 0.0071 0.4467 | 0.3843 [ 0.0077

T37 | 0.0510 0.0700 0.1425 0.0551 0.0426 | -0.0694 | 0.6144 | 0.1334 | 0.3139

T38 | -0.0019 | 0.0717 0.0643 0.1073 0.1060 0.1840 | 0.7194 | -0.0319 | 0.1279

T39 | 0.2822 | 0.0494 0.1776 0.2214 | 0.0830 | 0.0984 | 0.7151 | 0.1395 | 0.0385

T40 | 0.4109 | 0.0414 0.1429 0.1794 | 0.0661 | -0.0116 | 0.6467 | 0.2388 | -0.0490

T41 | 0.4310 | -0.0197 | 0.2792 0.0773 | 0.1435 | 0.0507 | 0.5357 | 0.1263 | -0.0142

T42 | 0.3901 0.0928 0.2580 0.2591 0.0995 0.1455 0.4369 | 0.1123 [ -0.0717

T43 | 0.4623 0.0784 0.1949 0.2224 | 0.1638 | -0.0331 | 0.4847 | 0.2242 | -0.0270

T44 | 0.6996 | 0.2890 0.1621 0.1307 | -0.0789 [ 0.0303 0.1802 [ 0.2193 0.0777

T45 | 0.7892 | -0.0216 0.1612 0.0993 0.1443 0.0753 0.1759 [ 0.1743 0.1755

T46 | 0.7627 | -0.0089 | 0.1594 0.1093 | 0.1215 | 0.1605 | 0.1580 | 0.1625 | 0.2590

T47 | 0.7339 | 0.1506 0.1586 0.1092 | 0.0086 | 0.1531 | 0.1708 | 0.2487 | 0.0734

Table 3. Factor loadings for all items of SPTKTT inventory after varimax normalized
rotation
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Items T1-T7 (Technological Knowledge), T20-T26 (Pedagogical Knowledge),
T27-T30 (Pedagogical Content Knowledge) and T31-T34 (Technological Content
Knowledge) were distributed in the same way as in the EFA that was conducted by
the authors of the inventory. Items T8-T19 were distributed among three factors,
varying from the inventory authors’ EFA ,where these items were loaded into four
factors. Items T35-T43 were loaded into one factor (Technological Pedagogical
Knowledge), as well as items T44-T47 (Technological Pedagogical Content
Knowledge). Items T40-T43 were also loaded into the Technological Pedagogical
Content Knowledge factor but with lower factor loadings.

5.2. Confirmatory Factor Analysis

Confirmatory factor analysis was carried out with the help of the structural equation
modelling software LISREL 9.2.

There are different fit indices that indicate a good fit between the theoretical
model and empirical data. A review by McDonald and Ho [37] states that the most
frequently cited fit indices are the comparative fit index (CFI), goodness of fit index
(GFI), normed fit index (NFI), and nonnormed fit index (NNFI). Although GFI is one
of the most frequently cited fit indices, research has indicated its inconsistency.
Combining a large number of degrees of freedom (df) regarding the sample size, the
GFl yields lower values [38], whereas its value goes up with bigger samples [39].

In order to confirm a good fit between the model and the data, Hu and Bentler
[40] suggest a combination of two indices, one of which is always standardized root
mean square residual (SRMR) ( < 0,09), and the other NNFI ( > 0,96), ), root mean
square error of approximation (RMSEA) (< 0,06), or CFI ( > 0,96). Kline [41] states
that one should be sure to include the Chi-Square test (32), RMSEA, CFI, and SRMR
when citing fit indices. In addition to these, Hooper and his associates [42] suggest
citing degrees of freedom (df) and the p-value, along with RMSEA, its confidence
interval, and the parsimonious normed fit index (PNFI), because stated indices are the
least sensitive to the size of the sample, nonspecificity of the model, and estimation
parameters.

After the confirmatory factor analysis had been carried out, modification indices
suggested the addition of error covariance among certain variables in order to improve
fit indices (Figure 2). Only error covariance among variables belonging to the same
factor was taken into account. These changes helped to improve the fit indices.

Correlations between subscales of the SPTKTT inventory suggest that the most
significant overlapping occurs between the PK and PCK — 0.829; TCK and TPK —
0.720; TPK and TPACK — 0.714 (Table 4).

The fit indices of model and empirical data are the following: y2 = 2117.1, p =
0.0000, df = 994, y2/df =2.13, RMSEA = 0.0579 with confidence interval (0.0545;
0.0613), SRMR = 0.0591, CFI = 0.889, PNFI = 0.745.

Regarding RMSEA < 0.06 and SRMR < 0.09, according to Hu and Bentler [40],
these empirical data fit well into the proposed factor structure through which this
model was confirmed.
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Figure 2. Confirmatory factor analysis of the SPTKTT inventory
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Subscales - e - ~ = - =
L g g A 2 e E §
TK 1.000

-0.576
CK 0055y 1000

0299 -0.437
PK 0.056)  (0.063 1000

0374  -0.605  0.829
PCK 0.054)  (0.053)  (0.027) 1000

0453 0595 0517 0597
TCK 0.051)  (0.056)  (0.049)  (0.042) 1000

0526 -0474 0615 0612 0720
TPK (0.046)  (0.064)  (0.043)  (0.040)  (0.034) 1000

0367  -0415 0526 0597 0647 0714
TPACK | 00s3)  (0.061)  (0.047)  (0.038)  (0.036)  (0.032) 1000

Table 4. Correlation matrix among sub-scales of the SPTKTT inventory

5.3. Reliability

Internal consistency is represented by the use of Cronbach a coefficient in relation to
the items and dimensions of the inventory. Table 5 represents the Cronbach o
coefficients for the entire inventory, including items and the subscale. Cronbach o
coefficients are greater than 0.9 (0.9093 — 0.9328) for observed items, the subscale,
and the overall scale, which suggests high reliability of the SPTKTT inventory.

6. Discussion and Conclusion

The main aim of the research presented in this paper is to validate the SPTKTT
inventory in the context of the Croatian educational system by the use of exploratory
and confirmatory factor analysis.

In order to answer research question one (as stated in the introduction), an exploratory
factor analysis was carried out on the subscales and items of the SPTKTT inventory,
indicating the structure of the nine factors which are: Technological Knowledge,
Content Knowledge (Literacy, Science and Social Sciences unified, Mathematics),
Pedagogical Knowledge, Pedagogical Content Knowledge, Technological Content
Knowledge, Technological Pedagogical Knowledge and Technological Pedagogical
Content Knowledge. The first seven items of the questionnaire (T1-T7) were
distributed in one factor, as in the exploratory factor analysis conducted by the authors
of the questionnaire (Technological Knowledge). Also, the T20-T26 (Pedagogical
Knowledge), T27-T30 (Pedagogical Content Knowledge), and T31-T34
(Technological Content Knowledge) were deployed [7]. There was a difference in the
distribution of the items that the original questionnaire covered under Content
Knowledge, Technological Pedagogical Knowledge, and Technological Pedagogical
Content Knowledge. Items T35-T43 were deployed within one factor (Technological
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Pedagogical Knowledge), while items T44-T47 were deployed within another factor
(Technological Pedagogical Content Knowledge).

Summary for scale: Mean=400.033 Std.Dv.=45.4299 Valid N:337

Cronbach alpha: .914616, Standardized alpha: .962836

Average inter-item corr.: .327970

Item Cronbach a Item Cronbach a Item Cronbach a
TK 0.912583| |ICK_L 0.912016}T33 0.912860
T1 0.913374}|T17 0.913721§1T34 0.913208
T2 0.913569}|T18 0.913618JITPK 0.910043
T3 0.913550[IT19 0.9135851T35 0.913174
T4 0.913513}IPK 0.911001jJT36 0.913036
T5 0.913167§JT20 0.9137991137 0.913743
T6 0.913431§JT21 0.913640} [T38 0.913561
T7 0.913362}|1T22 0.91369241T39 0.913254
CK 0.932824] 123 0.913598}T40 0.913430
CK M 0.912368} 1724 0.91336941T41 0.913580
T8 0.913621}JT25 0.913779) |42 0.913228
T9 0.913599}|126 0.913311})T43 0.913308
T10 0.913336 |IPCK 0.909429} ITPACK 0.910259
CK_SSiS 0.909396} | 127 0.913032§1T44 0.913253
T11 0.913422§J128 0.913056}1T45 0.913342
T12 0.913344}1T29 0.91281941T46 0.913215
T13 0.913388}T30 0.913149}|147 0.913241
T14 0.913145}|TCK 0.909722,

T15 0.9129251T31 0.913266

T16 0.913038]JT32 0.913115

Table 5. Cronbach a coefficients for every item, sub-scale and entire inventory

The exploratory factor analysis confirmed that items T35-T39 are deployed within
theTechnological Pedagogical Knowledge factor and items T40-T47 within the
Technological Pedagogical Content Knowledge factor. In this research, items T40-
T43 were located within Technological Pedagogical Knowledge; they were also
loaded within the Technological Pedagogical Content Knowledge factor but with
lower factor loads. These results are very close to the results of the exploratory factor
analysis of the SPTKTT questionnaire conducted by Ritzhaupt et al. [9], where all
items that represent Technological Pedagogical Knowledge and some items that
represent Technological Pedagogical Content Knowledge were loaded into the same
factor. This points to a deficiency in the questionnaire structure, particularly regarding
items that should represent the Technological Pedagogical Knowledge and
Technological Pedagogical Content Knowledge domains.

In order to answer to research question two, the variation in the factor structure
among this research and that conducted by Schmidt et al. [7] can be explained by the
different organization of content within the subjects in American and Croatian
schools. The T8-T19 items were deployed within three factors, unlike the exploratory
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factor analysis conducted by the authors of the questionnaire, where they were
deployed within four factors. The rationale for such a different factor structure
probably lies in the differences in the education systems the respondents attend. In the
USA, school subjects, according to their content, are Mathematics, Science, Social
Sciences, and Literacy, while in Croatia, they are Mathematics and Literacy (named
Croatian Language), and Social Sciences and Science are combined into one subject
(named Nature and Society). Therefore, it is understandable that the items of Social
Sciences Content Knowledge and Science Content fall under one factor.

Confirmatory factor analysis validated the empirical data and theoretical model.
The reliability of the SPTKTT inventory was shown using Cronbach a coefficient.
The results indicate a high level of reliability for all subscales and items of the
inventory, which corresponds with existing results [7].

Possible limitations of the research can be observed in the form of an inventory
that represents self-reported measures and a sample that is not representative. There
is also a strong indication that the theoretical framework may not fit different
education systems. Though it does have practical value, since the instrument is content
neutral, it may be challenging to organize its generic items into concrete domains and
evaluate knowledge that is not solely self-reported.

Future research related to this issue should include the development of an
instrument that is not based only on self-assessment measures. Such an instrument
should be able to objectively determine the level of knowledge that teachers have in
applying technology to education. Since the method used in this research is a self-
reporting measure, it would be interesting to explore how an instrument that
objectively examines the teacher's knowledge of applying technology correlates with
that of a self-assessment.
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Appendix A: Survey of Preservice Teachers’ Knowledge of Teaching and
Technology

TK (Technology Knowledge)

T1. I know how to solve my own technical problems.
T2. I can learn technology easily.
T3. I keep up with important new technologies.
T4. I frequently play around the technology.
T5. I know about a lot of different technologies.
Té6. I have the technical skills I need to use technology.
T7. I have had sufficient opportunities to work with different technologies.
CK (Content Knowledge)
Mathematics
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T8. I have sufficient knowledge about mathematics.

T9. I can use a mathematical way of thinking.

T10. Ihave various ways and strategies of developing my understanding of
mathematics.
Social Studies

T11. I have sufficient knowledge about social studies.

T12. I can use a historical way of thinking.

T13. I have various ways and strategies of developing my understanding of social

studies.

Science

T14. I have sufficient knowledge about science.

T15. I can use a scientific way of thinking.

T16. I have various ways and strategies of developing my understanding of science.
Literacy

T17. 1 have sufficient knowledge about literacy.

T18. I can use a literary way of thinking.

T19. 1 have various ways and strategies of developing my understanding of literacy.

PK (Pedagogical Knowledge)

T20. Iknow how to assess student performance in a classroom.

T21. I can adapt my teaching based-upon what students currently understand or do not
understand.

T22. I can adapt my teaching style to different learners.

T23. I can assess student learning in multiple ways.

T24. I can use a wide range of teaching approaches in a classroom setting.

T25. I am familiar with common student understandings and misconceptions.

T26. I know how to organize and maintain classroom management.

PCK (Pedagogical Content Knowledge)

T27. I can select effective teaching approaches to guide student thinking and learning
in mathematics.

T28. I can select effective teaching approaches to guide student thinking and learning
in literacy.

T29. I can select effective teaching approaches to guide student thinking and learning
in science.

T30. I can select effective teaching approaches to guide student thinking and learning

in social studies.

TCK (Technological Content Knowledge)

T31. Iknow about technologies that I can use for understanding and doing
mathematics.

T32. Iknow about technologies that I can use for understanding and doing literacy.

T33. Iknow about technologies that I can use for understanding and doing science.

T34. Iknow about technologies that I can use for understanding and doing social

studies.

TPK (Technological Pedagogical Knowledge)

T35. I can choose technologies that enhance the teaching approaches for a lesson.

T36. I can choose technologies that enhance students' learning for a lesson.

T37. My teacher education program has caused me to think more deeply about how
technology could influence the teaching approaches I use in my classroom.

T38. I am thinking critically about how to use technology in my classroom.

178

JIOS, VOL. 43.NO. 2 (2019), PP. 163-183



JOURNAL OF INFORMATION AND ORGANIZATIONAL SCIENCES

T39. I can adapt the use of the technologies that I am learning about to different
teaching activities.

T40. I can select technologies to use in my classroom that enhance what I teach, how I
teach and what students learn.

T41. I can use strategies that combine content, technologies and teaching approaches
that I learned about in my coursework in my classroom.

T42. 1 can provide leadership in helping others to coordinate the use of content,
technologies and teaching approaches at my school and/or district.

T43. I can choose technologies that enhance the content for a lesson.

TPACK (Technology Pedagogy and Content Knowledge)

T44.

I can teach lessons that appropriately combine mathematics, technologies and
teaching approaches.

T45.

I can teach lessons that appropriately combine literacy, technologies and teaching
approaches.

T46.

I can teach lessons that appropriately combine science, technologies and teaching
approaches.

T47.

I can teach lessons that appropriately combine social studies, technologies and
teaching approaches.
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