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Abstract/Izvle&ek This study compares students’ TPACK at the beginning and
at the end of their college education according to their involvement and the
number of computer science courses. Research was conducted at the Faculty of
Education in Osijek, Croatia, with the same generation of students, in 2015
(N=71) and 2020 (N=43). The results showed a statistically significant difference
for Technological, Pedagogical and Content Knowledge, for all students in the
sample and for students with additional computer science courses. In the case of
overall TPACK, there is no difference for the overall sample of students but for

students with additional computer science courses, the difference is significant.

Vpliv Studijskega programa izobraZevanja ucCiteljev na razvoj modela
TPACK

V c¢lanku analizitamo komunikacijske sposobnosti vzgojiteljev/vzgojiteljic med
starSevskimi sestanki v vrtcih. V skladu z metodologijo kvalitativnega raziskovanja
smo opazovali in zabelezili izbrane elemente komunikacije zaposlenih med 12
starSevskimi sestanki v razlicnih vrtcih. Rezultati so pokazali, da so bili opazovani
starSevski sestanki dobro pripravljeni, strukturirani, primerni in interaktivni,
izvedeni z ustreznim besedis¢em in elementi u¢inkovite govorne komunikacije.
Najve¢ja pomanjkljivost komunikacije zaposlenih je bila nerazvita tehnika
individualnih

komunikacijskih spretnostih zaposlenih. Rezultati te raziskave lahko sluzijo kot

aktivnega poslusanja. Prav tako so bile ocitne razlike v

orodje za razmisljanje o pedagoski praksi pri zgodnjem ucenju in poucevanju.
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Introduction

The Croatian Qualifications Framework (CQF, Ministry of Science and Education,
2021) is an instrument for regulating the qualifications system in the Republic of
Croatia. The National Development Strategy 2030 of the Republic of Croatia
(Croatian parliament, 2021) emphasizes the importance of acquiring and developing
basic and vocational competences through raising the digital competence of
professionals from non-information professions, as well as the digital
transformation and informationalisation of the education system. In the Strategic
framework for digital maturation of schools and the school system in the Republic
of Croatia and in Education Action Plan 2021-2027, teachers’ self-confidence in
integrating ICT into the teaching process is important, but during their initial
education, teachers are not prepared to use ICT in teaching which emphasizes the
importance of initial teacher education in the areas of applied ICT in teaching. In
addition to strategic documents, scientific research also confirms the importance of
initial teacher education in the area of ICT application in teaching (European
Commission, 2020). The use of ICT in teaching enables the use of new teaching
methods, and easier access to information, while offering diversity of knowledge
transfer and storage (Ministry of Science and Education, 2020). The Strategy for
Education, Science and Technology (Ministry of Science and Education, 2014)
emphasizes the importance of investing in people (teachers) who will be responsible
for the integration of technology in education. In the Republic of Croatia, the goal
is to integrate technology tailored to students, teachers and other school employees
in all primary and secondary schools by 2030, with the purpose of developing
learning, teaching and business, taking into account the needs of society, community
and other stakeholders (Ministry of Science and Education, 2020). Research
(Ministry of Science and Education, 2020) has shown that during their initial
education, teachers are not being prepared to use ICT in teaching. The importance
of professional development in the field of ICT application to learning and teaching
should be emphasized through the development of a methodology for the use of
ICT in teaching, a guide for applying ICT in individual subjects and individualized
approaches. This also includes the development of university educational programs
in the field of ICT application in teaching (Ministry of Science and Education, 2020).
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Literature review

The complexity of the teaching profession is constantly increasing because of the
rapid expansion of new scientific knowledge, global mobility, technical development
and technology, new social relations and the organization of life and work
(Puranovi¢, 2005). To successfully assume all these new roles, the teacher must be
open, ready for change and motivated for lifelong learning and continuous
professional development (Razdevsek Pucko, 2005). Teachers need to possess
pedagogical and technological competences to be able to teach students and
strengthen them in the field of digital competences. The integration of ICT into
teaching and across the entire education system is a complex area (Ministry of
Science and Education, 2020). Eurydice (2003) identifies teaching using modern ICT
technology as an important area of new teacher competence that should be an
integrative part of teachers’ pedagogical competences and become a necessary
component of lifelong learning content, as well as an integrative part of modern
teacher education programs (Brust Nemet, 2015). Future teachers should be trained
to work with information, technology and knowledge; work with people - students,
associates and other partners in education; and to work in and with society, at local,
regional, national and European levels, as well as at the global level (“Education and
Training”, 2010). The shortcomings include a digital divide that means unequal
conditions in terms of digital technology in different schools (Ministry of Science
and Education, 2020).

When differences in TPACK in relation to gender are observed, research shows that
cither there are no differences related to gender (Schmid et. al., 2021), or that the
differences are inor and inconsistent throughout the components of TPACK (Ergen
et. al, 2019; Scherer, Siddiq, and Teo, 2015).

The development of TPACK among pre-service teachers is a complex process with
important factors such as previous expetience with technology, subject knowledge,
and beliefs about the use of technology (Mudzimiri, 2012). The inclusion of ICT in
courses during study programs, as well as teaching about its integration, can
empower students to work with digital technology (Choe and Lee 2015; Yigit, 2014).
The development of TPACK can also be influenced by the education system as a
contextual factor (Dobi Barisic¢ et. al, 2019).
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Pre-service teachers should be better enabled to develop competence in technology
integration planning (Mudzimiri, 2012). Research conducted by Baran et al. (2019)
pointed out the positive connection between the teacher education program itself
and the development of TPACK.

Significant differences in the level of TPACK components were found in pre-service
teachers attending STEM courses compared to those attending social science
courses (TK and TCK component) (Schmid et. al, 2021). Similar results were
obtained in a study by Altun and Akyildizs (2017), which showed that pre-service
teachers preparing to teach science have obtained a higher level of TPACK than pre-
service teachers preparing to teach social sciences and Turkish language. Moreover,
a difference (a positive effect) was observed in students who took the designed
lecture and those who took ordinary ICT literacy lectures (TK, TCK, TPK and
TPACK) (Choe and Lee, 2015). In contrast, there are studies that have found no
statistically significant differences in TPACK components among teachers in the

areas of mathematics, science, and literacy (Tokmak et al., 2013).
TPACK framework

One of the frameworks that describes successful integration of digital technology in
teaching is TPACK, developed by Koehler and Mishra in 2009 (Koehler and Mishra,
2009). In the TPACK framework (Figure 1), there are three main components of
teachers’ knowledge: content, pedagogy, and technology. 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). Back in 2009, Kochler and Mishra
stated that integrating new technologies into teaching posed a major challenge for
teachers. Therefore, they developed the theoretical framework of Technological
Pedagogical Content Knowledge (TPACK) as a framework for the successful
integration of digital technology in teaching.
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Figure 1: TPACK framework (Reproduced with the permission of the publisher, © 2012 by
tpack.org)

TPACK is a new form of knowledge that derives from basic pedagogical,
technological and content knowledge. Although this knowledge forms the
foundation of TPACK, it differs for each of them. TPACK means effective teaching
with the help of technology, and in order to make this possible, it is necessary to
have knowledge from all three areas separately, and more importantly, to understand
the interactions between these areas (Koehler and Mishra, 2009).

The main goal of this theoretical framework is to connect the knowledge of teachers
from the basic domains of the framework with their actions and the effects of these
procedures (Koehler and Mishra, 2009).Naslov naslov naslov naslov naslov naslov
naslov naslov naslov naslov naslov naslov naslov naslov naslov naslov naslov naslov
naslov naslov naslov naslov naslov naslov naslov naslov naslov naslov naslov naslov

naslov naslov naslov naslov naslov naslov naslov naslov naslov naslov.
Research aims and hypotheses
The aim of the research is to determine whether there is a difference in the

development of TPACK in relation to the number of computer science courses that
students attend during their studies.
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At the Faculty of Education, after the first semester, students choose between three
elective modules, which differ from each other in 20% of courses that are specific
to the selected module (Table 1). All students, regardless of the chosen module, take
six computer science courses, four of which relate to general computer knowledge,
while two contain elements of the application of ICT in teaching. Students who
choose module B take an additional nine computer science courses, six of which
relate to general computer knowledge, while three contain elements of the
application of ICT in teaching.

Considering the purpose of module B (Computer Science orientation), we
specifically studied whether the number and nature of computer science courses
affects the development of TPACK.

Based on the reviewed literature, this study aims to address the following hypotheses:
H1: The involvement of computer science courses in the teacher education study
program influences the development of students’ TPACK.

H2: The number of computer science courses in the teacher education study

program influences the development of students’ TPACK.

Table 1: Elective modules at the Faculty of Education, University of Osijek, Croatia

Module A
Developmental orientation - selected courses from pedagogy, psychology and methodology broadly enable
students to understand specific issues in education and child development.

Module B
Computer science orientation - more thoroughly trains the student to use information and communication
technologies in the education of children in the first four grades of primary school.

Module C
Foreign language orientation — additionally trains students for teaching younger school-age children
foreign language.

Methodology

The study is longitudinal. The data were collected using the survey method
combining demographic questions and questions from SPTKTT (Schmidt et al.,
2009). SPTKTT is a tool for self-assessment of knowledge about the application of
technology in teaching and was created for preservice teachers (preschool and lower

grades of primary school) with the aim of examining their TPACK development.
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It consists of 47 items grouped by components of the TPACK theoretical
framework, with answers located on a 5-point semantic scale (Likert type). The
questionnaire was translated into Croatian by the double translation method (Dobi
Barisi¢, 2018). The questionnaire was conducted via the Survey of Preservice
Teachers” Knowledge of Teaching and Technology online, in the first phase via the
learning management system (based on Moodle), and in the second phase by using
Google Forms. The study was carried out at the Faculty of Education, Josip Juraj
Strossmayer University of Osijek, Republic of Croatia. The sample consists of
students who enrolled in the Integrated undergraduate and graduate university
teacher study in the academic year 2015/16 (78 students). Research was conducted
in two phases: first, when respondents enrolled in the initial study year in the
academic year 2015/2016 (N1=71), and the second time, after completing all
courses (or after graduating) in the academic year 2020/2021 (N2=42).

The implementation of the online Questionnaire was followed by quantitative data
analysis using the statistical program SPSS 19.0. Since the data were collected on a
5-point semantic scale (Likert type), non-parametric statistics was performed; more

precisely, the Wilcoxon test was used.

Results and interpretation

Demographic data--gender, module and student status--(only for 2020), are shown
in Table 2.

Table 2: Demographic data (gender, module and student status)

Gender
2015 2020
N % N %
Female 67 94.4% 41 97.6%
Male 4 5.6% 1 2.4%
Student status
2015 2020
N % N %
All courses completed - - 11 26.2%
Graduated - - 31 73.8%
Module
2015 2020
N % N %
Module B 15 21.1% 10 23.8%

Module A & Module C 56 78.9% 32 76.2%
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In the second table, the number of male students is underrepresented in the study,
which is a common ratio in teacher education research. Data on the status of the
student (graduated or passed all exams) and the module they attended are also
presented.

Table 3 shows the descriptive statistics for a sample of respondents who attend
Module A and Module C, and for respondents who attended Module B. Descriptive
statistics is shown for each sub-scale of the SPTKTT questionnaire, using data from
2015 and 2020, and includes the arithmetic mean, standard deviation, median and

mean rank.

Table 3: Descriptive statistics and results of Wilcoxon test in relation to the research phase

Wilcoxon test

Sub-scale  phase N Q1 Median Q3 Mean Rank

P
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The TPACK of all students, regardless of the selected module, after completing all
courses, or after graduating, (Mdn=3.75, Q1=3.46, Q3=3.91) is higher than the
TPACK at the beginning of their college education (Mdn=3.50, Q1=3.13, Q3=4.00)
(Table 3). A Wilcoxon test indicated that the difference was not statistically
significant, z = -1.59, p>0.05 (Table 3).

The results of the Wilcoxon test for all students (regardless of the module selected),
in relation to the beginning and end of their studies, suggest the rejection of
hypothesis H1: ie., the involvement of computer science courses in the teacher
education study program does not influence the development of their TPACK.
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Table 4: Descriptive statistics and results of Mann-Whitney U-test in relation to selected module

Sub- . Mean Wilcoxon test
scale phase N Q1 Median Q3 Rank o »
Module B 10 3.96 4.14 4.64 24.40
TK Module -0.56 >0.5
A&C 32 346 4.07 4.68 20.59
Module B 10 3.75 3.88 4.27 21.05
CK Module -0.41 >0.5
A&C 32 358 4.08 4.42 21.64
Module B 10 425 4.50 4.89 23.55
PK Module -0.36 >0.5
A&C 32 4.00 4.43 4.71 20.86
Module B 10 4.00 4.38 5.00 22.75
PCK Module -0.96 >0.5
A&C 32 4.00 4.25 5.00 21.11
Module B 10 4.00 5.00 5.00 28.25
TCK Module -1.15 >0.5
A&C 32 375 4.00 4.92 19.39
Module B 10 3.80 4.20 4.60 32.00
TPK Module -1.68 >0.5
A&C 32 3.80 4.20 4.60 18.22
Module B 10 4.50 4.94 5.00 32.30
TPACK Module -2.32 <0.5
A&C 32 391 4.25 4.50 18.13
The TPACK of students attending Module B (Mdn=4.94, Q1=4.50, Q3=5.00) is higher than those
of students from Module A and Module C Mdn=4.25, Q1=3.91, Q3=4.50) (Table 4). A Wilcoxon
test indicated that this difference was statistically significant, z= -2.32, p<0.5.

The results of the Mann-Whitney U-test in relation to Module after completing all
courses, or after graduating, suggest the acceptance of hypothesis H2: i. e. the
number of computer science courses in the teacher education study program does
influence the development of their TPACK.

Discussion

Mailizar, Hidayat, and Artika (2021) found among high school math teachers that
the demogtraphic characteristics of teachers, such as gender and level of education,
determined their TPACK. Gémez-Trigueros, and De Aldecoa (2021) found that

female teachers had very poor self-perceptions of their own digital competence.
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According to the research available to the authors, most other studies report no
differences related to gender (Schmid et al., 2021) or minor differences (Ergen et. al,
2019; Scherer, Sissiq and Teo, 2015), while in this study there are insufficient male
students to determine a difference by gender, but a difference was determined
according to students’ selected study module.

The results of this study showed that the involvement of computer science courses,
regardless of number and content, positively affected the development of all types
of knowledge (TK, Pk, CK, TPK, TCK, PCK) except TPACK. Nevertheless, the
development of TPACK is positively influenced by the number of computer science
courses that students take. These results confirm those from research among
Chinese students at teacher training colleges, showing that students do not
distinguish between technological-pedagogical knowledge and knowledge of
technological content (Qiu et al., 2022).

If we look at the research conducted by Voithofer and Nelson (2021) who found
that faculty members were increasingly integrating technology into curricula and
teaching but that the level of TPACK adoption was quite low and that TPACK
concepts differed greatly, we may wonder whether technology integration into other
courses (that are not computer science oriented) is sufficient for the development
of TPACK, or whether it is still necessary to offer specific courses to teach students
how to propetly integrate technology into teaching. In doing so, we should always
take into account that the influence of will and desire of the individual teacher is
another important factor to be taken into account, which Dikmen and Demirer
(2022) emphasize in their research. Dikmen and Demirer (2022) believe that those
teachers who feel digitally more competent will more often integrate technology into
teaching. In addition to teacher competence, global factors such as the COVID-19
pandemic, which has led to more frequent online teaching, impose on teachers the
strengthening of digital competences. At what level TPACK developed during the
pandemic and under what influence (self-initiative or initiatives of superiors) still
needs investigation.

This study has shown that the teaching content of Module B (computer science
oriented) has a greater positive impact on TPACK, which is in line with results from
Lachner et al. (2021), which highlighted the need for continuous student support for
the development of professional knowledge and motivation related to the inclusion
of technology in teaching.
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The advantages of this longitudinal study are the comparison of the level of
pedagogical and technological knowledge of students, future teachers at the
beginning and end of their studies and determining the connection between higher
knowledge of students and the study program they attend. The disadvantages of this
research are the small number of respondents and the self-assessment of students,

where there may be a potential for giving socially desirable answers.

Conclusion

Technological Pedagogical Content Knowledge (TPACK) shows us whether
teachers are competent to effectively co-construct, organize and implement a
teaching process in which technology is implemented. Teachers with a higher level
of knowledge in pedagogy and technology can be expected to feel more competent,
motivated and ready to integrate technology into teaching, which proved necessary
during the global COVID-19 pandemic.

When differences in TPACK in relation to gender are observed, research has shown
either no differences related to gender (Schmid et. al., 2021), or minor differences
distributed inconsistently across the components of TPACK. In this study we could
not reach a conclusion regarding gender, since the number of male students in the
sample was very low.

Development of TPACK depends on the number and nature of ICT courses that
students attend, which means that there is a difference between courses that include
lectures on technology application and ordinary ICT literacy lectures.

It can be concluded that there is a positive connection between the teacher education
program itself and the development of TPACK, which is in accordance with
research by Baran et al. (2019). The results of the study emphasize the importance
of further analysis of study programs, as well as the need to enrich study programs
with pedagogical and IT content intended for future teachers so that they can
encourage students’ key competences for lifelong learning, especially digital.
Moreover, in future research it will be necessary to continue researching the
development of TPACK among Croatian students at teacher training colleges with
regard to global factors, especially changes in study programs caused by the COVID-
19 pandemic.
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