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ABSTRACT

Digital storytelling (DST) is, in general terms, a form of storytelling created by incorporating
technological elements into traditional storytelling. DST has begun to be used frequently in education.
Digital stories are utilised to provide information or instruction on personal stories, historical events
or a specific subject. One of the subjects studied is the effect of DST on the Technological Pedagogical
Content Knowledge (TPACK) of teachers and prospective teachers. DST helps to integrate the
curriculum, pedagogy and technology holistically with advantages such as active participation,
development of skills and development of the learner as a person. The aim of this study is to examine
the effect of DST on the development of TPACK in preservice secondary mathematics teachers. A
transformative mixed research method was used in the study. The participants were 44 preservice
mathematics teachers studying in their final year at a state university in Turkey. The data were
obtained through a demographic form, the TPACK-Math scale, lesson plans and interviews. For the
data analysis, the paired samples t-test, Wilcoxon signed-rank test, Shapiro-Wilk test and TPACK
diagram were used. As a result of the research, it was seen that DST enabled the development of the
preservice teachers’ TPACK knowledge. In addition, it was determined that the prospective teachers
felt most comfortable in using the software, whereas they had the most difficulty in creating the
script.

Keywords: Digital storytelling, mathematics education, technological pedagogical content
knowledge, preservice secondary mathematics teacher

INTRODUCTION

Technological Pedagogical Content Knowledge (TPACK) is aimed at teachers and preservice teachers, and
defines the types of knowledge needed to successfully integrate technology into teaching (Mishra, 2019).
Moreover, it is also used to define and understand the intended targets for the use of technology in teacher
education (Schmidt et al., 2009). This “overarching construct....has been proposed as the interconnection and
intersection of technology, pedagogy and content knowledge” (Niess et al., 2009). Both theoretically and
practically, the interaction of these bodies of knowledge generates the flexible types of knowledge needed to
successfully integrate the use of technology into teaching (Koehler et al., 2013). Furthermore, TPACK is
especially useful in conceptualising how to utilise the opportunities provided by technology to improve teaching
and learning (Archambault & Barnett, 2010) and in enabling teachers to teach students effectively and use
technology effectively in this teaching (McGraw-Hill Education, 2020). Technology use can only be effective
when teachers have the expertise to use it in the classroom in a meaningful way (Sadik, 2008). In this sense,
preparing preservice teachers for technology integration in the classroom is a key focus for many teacher
training institutions (Chai et al., 2010).

In developing TPACK, which is a teacher education framework, different pedagogical approaches are utilised.
One of these is Digital Storytelling (DST) (Dewi, 2016; Harriman, 2011). DST is expressed as the use of various
computer-based tools to tell a story (Robin, 2015). Creating a digital story requires the use of artistic,
storytelling and project skills and abilities (Ohler, 2006). Barrett (2006) stated that DST is a tool for deep
learning, while Van Gils (2005) stated that DST contributes to personalisation, real-life situations and active
learning. DST is used to motivate both teachers and students (Robin, 2008). Reserchers state that by combining
DST with the theoretical framework of TPACK in education, a deeper understanding will be achieved of the
different and more powerful roles that digital media can play in both teaching and learning, because in order to
fully understand the potential of DST, it is necessary to understand the technological knowledge, and this is also
related to the TPACK framework (Hicks et al., 2013).
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When the competencies are examined, it is seen that teachers’ field, pedagogical and technological knowledge
are emphasised. According to the findings of the TALIS (Teaching and Learning International Survey) study,
which was conducted for the third time by the OECD in 2018, more than 85% of teachers in Turkey felt “quite”
and “completely” prepared to teach in areas such as the content of the subjects, teaching methods, classroom
practices, and following development and learning. The rate of those who felt “quite” and “completely”
prepared for science and communication technologies was around 70% in Turkey. In addition, 66.6% of
teachers in Turkey allowed students to use information and communication technologies (ICT) in their
classroom practices. It is seen that this rate was 20.7% in the “PISA: Best in Asia” group and 44.3% in the
“PISA: Best in Europe” group (TALIS, 2018).

The mathematical competences and basic competences in science/technology that teachers in the Ministry of
National Education (MoNE, 2018) should have are explained as follows:

“Mathematical competence is the development and application of mathematical thinking to solve a range of
problems encountered in daily life. Emphasis is placed on the process, activity and knowledge built on a solid
arithmetic skill. Mathematical competence includes the ability and desire to use mathematical modes of thinking
(logical and spatial thinking) and presentation (formulas, models, constructs, graphs and tables) in varying
degrees. Competence in science refers to the wealth of knowledge and the ability and desire to utilise
methodology to explain the natural world in order to define questions and generate evidence-based conclusions.
Competence in technology is regarded as the implementation of knowledge and methodology in the context of
fulfilling perceived human desires and needs. Competence in science and technology encompasses the power to
understand changes resulting from human activities and the responsibilities of each individual as a citizen.”
Furthermore, digital competence is explained thus:

“This comprises the safe and critical use of information and communication technologies for business, daily life
and communication. This competence is supported through basic skills such as using computers to access,
evaluate, store, generate, present and exchange information, as well as enabling participation in common
networks and establishing communication via the internet” (MoNE, 2018).

When the general competencies and particularly the competencies for mathematics education in Turkey are
examined, it is seen that technology is given importance in teacher training. Rather than technological
knowledge alone, it is necessary to integrate this into the field with appropriate methods and techniques. This is
evaluated within the scope of TPACK. In fostering the competencies of the teaching profession, it is necessary
to include the training process of preservice teachers alongside in-service training. For this reason, in this study,
we aim to improve preservice secondary mathematics teachers” TPACK knowledge by blending their
curriculum, content and technological knowledge through DST.

Tpack

Along with educators’ realisation that technological skills alone do not serve them well, the question of how to

integrate technology into teaching has become the focus of studies (Graham et al., 2009). For this reason, the

TPACK conceptual framework for educational technology was created based on Shulman’s Pedagogical

Content Knowledge (PCK) framework (Mishra & Koehler, 2006; Niess, 2005). Based on the changes in

technology, students, teachers and classroom contexts, TPACK provides a dynamic framework for teachers to

display the necessary knowledge for curriculum design, and for students, instruction that prepares them to think

about and learn the subject with digital technologies (Niess et al., 2009). A strong TPACK framework can

provide theoretical guidance for teacher training programmes to raise teacher candidates who are required to use

technology (Graham, 2011). Mishra and Koehler (2006) identified seven components related to the TPACK

structure:

1. Content Knowledge (CK): This concerns the subject related to the field that needs to be learnt or taught.

2. Pedagogical Knowledge (PK): This is knowledge of teaching approaches and methods.

3. Technological Knowledge (TK): This is knowledge about standard and digital technologies.

4. Pedagogical Content Knowledge (PCK): This is knowledge of the teaching methods that can be used in
subject teaching.

5. Technological Pedagogical Knowledge (TPK): This is knowledge of technological competencies and how
these can change teaching.

6. Technological Content Knowledge (TCK): This is the knowledge that technological and content knowledge
are related.

7. TPACK: This is knowledge about technologies and teaching approaches that can be used to teach a specific
subject related to the field.

Teaching with technology is a difficult task to perform well, because teaching successfully with technology

requires continuity. For this reason, it is necessary to create, maintain and re-establish a dynamic balance

between all components (Koehler & Mishra, 2009). TPACK strategic thinking involves knowing when, where

and how to use domain-specific knowledge and strategies to direct students’ learning with appropriate

information and communication technologies (Niess, 2011).
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Dst and Mathematics Education

The concept of DST was developed by Dana Atchley, Joe Lambert and Nina Mullen in the early 1990s
(StoryCenter, 2022). In general terms, the digital story is the art of storytelling with add-ons such as sound,
images, music and video. Digital stories are several minutes long. Digital stories are utilised to provide
information or instruction on personal stories, historical events or a specific subject (Robin, 2006). DST is a
powerful form of communication achieved through the use of software applications to explore different media
and to relate stories in new and powerful ways using digital media (McLellan, 2007).

Jakes and Brennan (2005) defined six steps in creating a digital story. First, the story is written, the script is
developed, and the storyboard is created. Then, by utilising technology, multimedia tools are selected and a
digital story is created. In the last step, the created digital story is shared. Lambert and Hessler (2018), however,
stated that there are seven elements in digital storytelling. These are self-disclosure, soundtrack, experience,
artwork, music, length and design, and purpose.

Due to its ability to serve as a powerful tool for both educators and students, one of the most common uses of
DST is in education. Among the benefits of DST for students are the acquisition of 21st century literacy skills,
which are stated as a critical need for learning, working and advancing in today’s technology-intensive world
(Robin & McNeil, 2019). According to Robin (2016), students who participate in the creation of digital stories
develop communication skills by learning how to organise their ideas, ask questions, express their views and
create narratives. Students who have the opportunity to share their work with their peers can gain valuable
experience in criticising their own and other students” work, which can promote gains in emotional intelligence,
collaboration, and social learning. Ohler (2006), moreover, stated that DST helps students to become active
participants rather than passive consumers in a media-saturated society. Preparing digital stories is a useful
method to motivate preservice teachers and promote learning (Yang & Wu, 2012). Alabbasi (2018) stated that
creating digital stories provides teachers with a positive perception of technology integration.

Mathematics is defined as a difficult and complex subject which includes abstract concepts. For this reason, it is
considered appropriate to use DST in this subject, as DST makes it easier to explain abstract and difficult
concepts and involves students in the process (Albano & Pierri, 2014). DST develops the content knowledge
and pedagogical competence of prospective mathematics teachers (Istenic Star¢i¢ et al., 2016). Moreover, it
supports student participation in order to ensure better learning (Albano & Pierri, 2017). DST is a powerful tool
for creating more interesting and entertaining learning environments that make it easier to associate mathematics
with daily life and enable effective learning and participation (Ozpinar, Gékce & Yenmez, 2017). DST is also
effective in problem solving and creation (Walters et al., 2018), and algorithmic and logical thinking (Kordaki &
Kakavas, 2017). It also improves mathematical and computer literacy skills (Preradovic, Lesin & Boras, 2016)
and the level of conceptual understanding (Dinger, 2019). While DST encourages students to generate
hypotheses (Albano et al., 2020), it increases motivation and positive attitudes towards the subject of
mathematics (Cakict, 2018). DST is also an important tool in eliminating errors and misconceptions (Karaoglan
Yilmaz et al., 2017) and in acquiring 21st century competencies (Niemi et al., 2018). In the literature, it is seen
that in the studies on DST carried out with preservice teachers, product or opinion analyses are made
(Biiyiikkarc1 & Miildiir, 2022; Inan, 2015; Islim, Ozﬁdogru & Sevim-Cirak, 2018; Ozplnar, 2017).

TPACK and DST

The person who is to design a digital story should use CK and PK as well as technology-related factors (Incikab1
& Kildan, 2013). Di Blas (2016) stated that teachers do not need to be trained on TK per se, but that instead,
they should be trained on how to manage activities involving TK, since it is important for teachers to be able to
organise students’ work, even when faced with unfamiliar environments and situations. According to Hicks
(2006), by creating and incorporating visual and audio data with digital stories, it is possible to use technology
critically and at the same time develop TK and PCK. DST helps to integrate the curriculum, pedagogy and
technology holistically with advantages such as active participation, development of skills and development of
the learner as a person (Nerurkar, 2020). In addition, using TPACK and DST together is also effective in
teaching 21st century skills (Lisenbee & Ford, 2018). TK serves as a guide for pedagogy in creating digital
stories and events. Therefore, teachers should prepare digital stories by considering the components of TPACK
and integrate them into the learning process with a holistic approach (Aksiit & Aydin, 2021). In the event that
students become creative with digital storytelling, integration of the TPACK education model makes significant
contributions to technology integration in teacher education (Yurdakul et al., 2013). In the development of skills
in hybrid learning contexts, the ICT-TPACK design procedures have high educational potential with the aid of
visual stories (De Rossi & Restiglian, 2019). With the help of the TPACK framework, the use of technology in
DST improves teachers’ ability to create meaningful learning experiences, and activates students’ cognitive
skills in both reading and writing as well as technical skills such as product skills (Amelia et al., 2021).

There are studies in the literature that associate the TPACK components with DST. For example, Yiksel-Aslan
(2013) stated that TPACK is related to the digital story creation process in the following ways: Choosing the
topic from the curriculum is related to CK, choosing and designing the message is concerned with PK, using
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various software to create the digital story concerns TK, creating the script is related to PCK, creating the
storyboard is concerned with TCK, choosing the material is related with TPK, and the creation of the digital
story is associated with TPACK. Clarke (2017), on the other hand, stated that CK is concerned with the personal
story and experience, while story creation requires PK. In addition, adding the images and sound requires TK,
the story content requires PCK, while seeing the content together with technological elements such as images
and sound requires TCK. She stated that TPK, however, develops the pedagogical art of storytelling. Successful
blending of all these elements develops TPACK. From a similar point of view, Aksiit and Aydin (2021)
explained that TK determines the technologies (software programs) used by the participants while creating
digital stories, while PK specifies the process of the integration of activity plans with digital stories. CK refers to
the concepts that the participants wish to teach in their activity plans, while TPK expresses the inclusion of
digital stories and pedagogical approaches in activity plans. It is stated that PCK refers to the use of the digital
story-integrated activity plan in content education, and that TCK expresses how digital stories are used as an
effective tool in the teaching of concepts. TPACK, on the other hand, is the combination of the entire process.
When the literature is examined, it is seen that there is a direct relationship between DST and TPACK and that
DST develops TPACK. In mathematics education, however, studies on this subject are rather limited. For this
reason, the aim of this study is to examine the effect of DST on the TPACK development of preservice
secondary mathematics teachers. The research problem is: “What is the effect of DST on the TPACK
development of preservice secondary mathematics teachers?”” The sub-problems of the research are:
a) What is the change in preservice secondary mathematics teachers before and after DST implementation
according to the TPACK-Math Scale?
b)  What is the change in the lesson plans of preservice secondary mathematics teachers within the framework
of TPACK before and after DST implementation?
c) At which stage do preservice secondary mathematics teachers feel most comfortable in the DST process
according to the TPACK framework?
e) At which stage do preservice secondary mathematics teachers have difficulty in the DST process
according to the TPACK framework?

METHOD

Research Design

In this study, a transformative mixed research method was used. In the transformative mixed research method,
any data type (such as qualitative) is collected and analysed. Then, the obtained data are converted to another
data type (such as quantitative) and analysed using another data analysis method. Based on the data obtained
here, the findings are dealt with separately, and in the conclusion section, they are combined and general results
are obtained (Tashakkori, Teddlie & Johnson, 2015). In order to observe the effect of DST on the changes in
TPACK and its subcomponents among preservice secondary mathematics teachers, firstly, the TPACK-Math
(Onal, 2016) scale was applied as a pre-test and post-test. In addition, the preservice teachers were asked to
prepare lesson plans before and after DST according to the outcomes they chose, and the data were converted
into quantitative data by scoring with an assessment rubric (Harris, Grandgenett & Hofer, 2010). With the aim
of supporting the quantitative data, structured interviews were conducted with the teacher candidates. Both the
qualitative and quantitative data are discussed and analysed separately in the findings section and combined and
interpreted in the conclusion section.

Participants

A total of 44 preservice secondary mathematics teachers, 33 female and 11 male, who were studying in their
final year at a state university in Turkey, participated in this study. Criterion sampling was used for the selection
of the participants. Accordingly, it was determined as a criterion that the participants had taken undergraduate
courses in curriculum and pedagogy, and especially in the technology-assisted mathematics teaching course.
None of the participants had heard of the digital story concept or prepared a digital story before.

Data collection tools

Koehler, Shin and Mishra (2012) stated that five different measurements are commonly used to measure
TPACK. These were expressed as self-report measures, open-ended questionnaires, performance assessments,
interviews and observations. Developing an effective, reliable and valid tool is a difficult task (Lyublinskaya &
Kaplon-Schilis, 2022). Although self-report questionnaires are mostly used to measure TPACK, the examination
of lesson plans, which provide more objective measurements, has recently come into focus (Schmid, Brianza &
Petko, 2021).

In this study, four types of data collection tools were used. The first was the Technological Pedagogical Content
Knowledge Scale (TPACK-Math) developed by Onal (2016). This scale is a five-point Likert-type scale and is
domain-specific. The scale includes TK (7 questions), PK (11 questions), CK (9 questions), TPK (3 online, 3
offline questions), TCK (5 questions), PCK (7 questions), TPCK (9 questions) and Contextual Knowledge (5
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questions). According to the CFA results of the scale, the ratio of the chi-square value (2866.53) to the degree of
freedom (1616) was 1.77. In addition, the goodness-of-fit values for the model revealed by CFA were
SRMR=0.047 and RMSEA=0.050 (Onal, 2016). Another data collection tool was the lesson plans prepared by
the teacher candidates in accordance with the outcomes they chose. The lesson plans were collected twice,
before and after DST. Each preservice teacher was asked to choose a single outcome and to prepare for this
outcome in both plans. The third data collection tool was the structured interviews. The interviews included two
questions, which are:

1. At which stage did you feel most comfortable while preparing your digital story?

2. What were the elements that you had difficulty with while preparing your digital story?
For both questions, there are seven options: choosing the topic, choosing the message, creating the script,
choosing the material, creating the storyboard, using the software, and combining the elements. The interview
questions were prepared in the presence of two experts. The final data collection tool was the demographic
form.

Implementation Process
The implementation process is presented in Table 1 in the form of weeks, subjects and practices:

Table 1 : Implementation Process

Weeks Subjects Practices
1 Making preliminary - The TPACK-Math scale was applied as a pre-test.
determinations - Each preservice teacher was asked to prepare a lesson plan
by choosing any of the 5th and 6th grade outcomes.
2 General Information and - The prepared lesson plans were collected electronically.
DST - Information was given about the face-to-face and online

practices to be carried out within the scope of the course.
- The definition of DST and its types was given.

3-4 DST - The seven elements that should be included in a digital
story were described.

5 CK - The importance of the narrator’s determination of what
he/she will relate in the digital story and who he/she will
choose as the audience was explained. In other words, the
importance of topic selection was mentioned.

6 PK - The relevance of the message that the teacher will give to
the student in the digital story design and the importance
of the method by which this message will be given were
mentioned.

7 PCK - The importance of narrating the script according to the
student’s level in the chosen outcome was mentioned.

8 TPK - The choice of audio-visual material for the script while
creating the digital story was explained.

9 TCK - The stage at which it is more appropriate to use DST in the
lesson plan was discussed.

- The storyboard was mentioned. The students were asked
to prepare a storyboard about their stories.

10-11-12 | TK - Some of the software programs that can be used to design
digital stories were explained online and face-to-face.

- The advantages and disadvantages of these software
programs were discussed by giving information.

13-14 TPACK - The students were asked to design a digital story in
accordance with the selected outcomes.

15 Making final - The TPACK-Math scale was applied as a post-test.
determinations, collecting - The final-determination lesson plans were collected.
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digital stories and - The interviews were conducted
conducting interviews - The digital stories were collected.

The process took 15 weeks. In this study, first of all, the TPACK-Math scale was applied as a pre-test in order to
check the preservice teachers’ knowledge about TPACK. Afterwards, the preservice teachers were asked to
choose any of the fifth and sixth grade outcomes of the mathematics curriculum. The prospective teachers were
asked to prepare a lesson plan, without any orientation, regarding the outcome they had chosen. After the lesson
plans and TPACK-Math scale were collected, information about DST was given. In this process, examples were
presented and in-class discussions were held. In addition, software programs that can be used in DST design
were explained and examples were made on these. The preservice teachers were allowed to choose any software
program they wished, and were told that they could choose a software program other than those explained in the
lesson. At the end of the process, the TPACK-Math scale was applied once again, and the preservice teachers
were again asked to prepare a lesson plan for the outcome they had selected at the beginning, and to fill in the
structured interview form. Finally, the process was completed by collecting the designed digital stories
electronically.

Data Analysis

In this study, the TPACK-Math scale was applied to the participants at two different times. Since the study
group was a single group and the same scale was applied to this group at two different times, the paired samples
t-test was applied for statistical analysis. Before applying this test, the assumptions required for the test were
tested. Since the TPACK-Math scale has 8 different sub-dimensions in all, normality tests were conducted for
each sub-dimension. Except for the Contextual Knowledge sub-dimension, all other sub-dimensions were found
to have a statistically normal distribution. Since the Contextual Knowledge sub-dimension did not show a
normal distribution, the non-parametric Wilcoxon signed-rank test was used in the analysis of the data
belonging to this sub-dimension. The statistical significance level was set at p<.05. Lesson plans required from
the same group before and after DST were scored with the TPACK-Based Technology Integration Assessment
Rubric (Harris, Grandgenett & Hofer, 2010). There are four criteria in the rubric: Curriculum Goals and
Technologies, Instructional Strategies and Technologies, Technology Selection(s), and “Fit”. A one-to-four
scoring is made for each criterion. These scores were analysed as pre-test and post-test. Since the scores did not
show statistically normal distribution (Shapiro-Wilk=0.546, p<.05), analysis was made with the non-parametric
Wilcoxon signed-rank test. Finally, structured interviews were conducted with the teacher candidates. The
interviews were evaluated from the perspective of Yiksel-Aslan (2013).

Findings

In this section, the findings related to the sub-problems of the research are presented.

Findings regarding the change in the preservice secondary mathematics teachers before and after the DST
implementation according to the TPACK-Math Scale

To determine the effect of DST on the preservice secondary mathematics teachers’ TPACK, the results of the
paired samples t-test for the whole scale and the eight factors are presented in Table 2.

Table 2: Results of Paired Samples t-Test for TPACK-Math scale

Measurement N X SD T P

TK Pre-test 44 2.87 0.76 -4.98 0.000%
Post-test 44 3.24 0.73

PK Pre-test 44 3.43 0.52 -4.02 0.000?
Post-test 44 3.73 0.52

CK Pre-test 44 3.45 0.57 -4.87 0.000%
Post-test 44 3.82 0.62

TPK Pre-test 44 3.05 0.83 -4.35 0.000%
Post-test 44 3.52 0.64

TCK Pre-test 44 3.57 0.67 -4.73 0.000%
Post-test 44 4.01 0.57

PCK Pre-test 44 3.27 0.56 -5.59 0.000%
Post-test 44 3.75 0.61

TPACK Pre-test 44 3.07 0.73 -5.45 0.000%
Post-test 44 3.57 0.65

Contextual | Pre-test 44 412 0.63 -7.32 0.464°

Knowledge | Post-test 44 4.20 0.53

Overall Pre-test 44 3.35 0.49 -6.44 0.000%
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TPACK- Post-test 44 3.73 0.47
Math

Note. a=Paired samples t-test, b=Wilcoxon signed-rank test

As can be seen in Table 2, the post-test mean scores obtained by the preservice teachers from the sub-
dimensions of the scale and the overall scale are higher than their pre-test mean scores. The t-test results in the
table are: TK pre-test (Mean = 2.87, SD = 0.76) and post-test scores (Mean = 3.24, SD = 0.73) (t (44) = -4.98,
p<.05), PK pre-test (Mean = 3.43, SD = 0.52) and post-test scores (Mean = 3.73, SD = 0.52) (t (44) = -4.02,
p<.05), CK pre-test (Mean = 3.45, SD) = 0.57) and post-test scores (Mean = 3.82, SD = 0.62) (t (44) = -4.87,
p<.05), TPK pre-test (Mean = 3.05, SD = 0.83) and post-test scores ( Mean = 3.52, SD = 0.64) (t (44) = -4.35,
p<.05), TCK pre-test (Mean = 3.57, SD = 0.67) and post-test scores (Mean = 4.01, SD = 0.57) ) (t(44) = -4.73,
p<.05), PCK pre-test (Mean = 3.27, SD = 0.56) and post-test scores (Mean = 3.75, SD = 0.61) (t (44) = - 5.59,
p<.05) and TPACK pre-test scores (Mean= 3.07, SD = 0.73) and post-test scores (Mean= 3.57, SD = 0.65)
(t(44) = -5.45, p<.05). Since the last sub-dimension of TPACK, contextual knowledge, did not show a normal
distribution, the non-parametric Wilcoxon signed-rank test was used. Accordingly, the contextual knowledge
pre-test scores are (Mean= 4.12, SD= 0.63) and the post-test scores are (Mean= 4.20, SD= 0.53) (z(44)= -7.32,
p>.05). Considering the results of the test, there was no significant difference in the contextual knowledge sub-
dimension of the TPACK-Math scale. However, a significant difference was observed in the other sub-
components of the TPACK-Math scale. Finally, a significant difference was observed in the pre-test (Mean =
3.35, SD = 0.49) and post-test scores (Mean = 3.73, SD = 0.47) (t (44) = -6.44, p<.05) of the overall TPACK-
Math scale. Accordingly, it can be stated that DST developed the preservice teachers’ TPACK and the
knowledge types belonging to the sub-components of this knowledge.

Findings regarding the change in the preservice secondary mathematics teachers’ lesson plans before and
after the DST implementation within the framework of TPACK

In this section, the findings related to lesson plans are discussed. When the general profile of the lesson plan
findings is examined, it is seen that the preservice teachers who chose outcomes related to geometry used
technology. It is seen that only a few of the teacher candidates who chose outcomes related to algebra used
smartboards and the Educational Information Network (EBA). The contents of the lesson plans prepared by the
teacher candidates before and after the digital story design were scored with the aid of the TPACK-Based
Technology Integration Assessment Rubric developed by Harris, Grandgenett and Hofer (2010). By calculating
the total score obtained by each preservice teacher, the lesson plans prepared before and after the design were
specified as pre-test and post-test. Since these determined scores did not show statistically normal distribution
(Shapiro-Wilk = 0.546, p<.05), the non-parametric Wilcoxon signed-rank test was applied to the obtained pre-
and post-test scores to examine the effect of the students’ lesson plans on their TPACK. The results of the pre-
test and post-test scores obtained by the preservice teachers for the lesson plans according to their TPACK skills
are given in Table 3.

Table 3: Wilcoxon Signed-Rank Test Results for Lesson Plans

Measurem | N X SD Z P
ent
Lesson Pre-test 44 5.61 3.25 -5.65 .000
Plan Post-test 44 10.84 3.70

By examining Table 3, it can be seen that there is a significant difference between the pre-test (Mean = 5.61, SD
= 3.25) and post-test scores (Mean = 10.84, SD = 3.70) for the lesson plans prepared by the teacher candidates.
This shows that DST made a positive contribution to their TPACK in lesson plans.

Findings regarding the stage at which the preservice secondary mathematics teachers felt most
comfortable in the DST process according to the TPACK framework

The data regarding the stage at which the participants felt most comfortable in the DST process were analysed
and are presented in Table 4:
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Table 4 : Frequency and percentage table for data regarding the stage at which preservice
teachers felt most comfortable in the DST process

Components f %
TK (Using the Software) 16 36
CK (Choosing the Topic) 14 32
PK (Choosing the Message) 11 25
PCK (Creating the Script) 9 20
TCK (Creating the Storyboard) 7 16
TPACK (Combining the elements) 6 14
TPK (Choosing the Material) 5 11

When the answers given by the preservice teachers are examined, it is seen that while designing digital stories,
they felt most comfortable in using the software, choosing the topic and choosing the message. This shows that
in digital story design, the teacher candidates did not have difficulty in TK, associated with using the software,
CK, associated with choosing the topic, and PK, associated with choosing the message.

Findings regarding the stage at which the preservice secondary mathematics teachers had difficulty in the
DST process according to the TPACK framework

The data regarding the stage at which the participants had difficulty in the DST process were analysed and are
presented in Table 5:

Table 5 : Frequency and percentage table for data regarding the stage at which the candidates had
difficulty in the DST Process

Components f %
PCK (Creating the Script) 29 66
TK (Using the Software) 25 57
TPACK (Combining the elements) 16 36
TCK (Creating the Storyboard) 7 16
PK (Choosing the Message) 6 14
CK (Choosing the Topic) | 2 5

When the answers given by the candidates are examined, it can be seen that while designing a digital story, they
had more difficulty in creating the script, using the software and combining the elements. This shows that in
digital story design, the candidates had difficulties in PCK, associated with creating the script, TK, associated
with using the software, and TPACK, associated with combining the elements.

CONCLUSIONS

As a teaching tool, DST can improve understanding of TPACK. The interaction of the six elements, TK, PK,
CK, TPK, TCK, and PCK, assists in selecting knowledge in a more strategic and diverse way (Clarke, 2017).
Coutinho (2010) stated that DST is a powerful tool to use in the field of technology and teacher education
because it allows teachers to mobilise their multiple knowledge about the curriculum, pedagogy and technology.
Although this is also the case for preservice teachers, Harriman (2011) emphasised the necessity of conducting
more research.

Considering the results of this study, it was seen that there was a significant difference between the pre-test and
post-test scores in seven knowledge types in the TPACK-Math scale. However, it was determined that there was
no significant change in contextual knowledge. While defining PCK, Shulman (1987) also explained contextual
knowledge as one of the components of PCK. Grossman (1990) stated that contextual knowledge is the
knowledge that the teachers should have about the student, school, society and the country in which they live
(Sen & Oztekin, 2019). Moreover, in his research, Mishra (2019) added contextual knowledge to the TPACK
framework. Therefore, this type of knowledge is considered to be important. For this reason, it was considered
important to include contextual knowledge questions in the scale that was used as a pre-test and post-test in this
study. However, a significant result could not be obtained for this type of knowledge. According to the data
obtained from the scale, it was concluded that DST-assisted instruction had a positive effect on the development
of the preservice teachers’ TPACK. In her study, Wang (2016) worked with two groups and gave DST-assisted

Journal for Educators, Teachers and Trainers JETT, Vol. 14 (2); ISSN: 1989-9572 273



Journal for Educators, Teachers and Trainer.

The LabOSfor electronic, peer-ri . open e

instruction to the experimental group. The results of the study are in line with those of this study. However, in
her research, Harriman (2011) stated that there was a slight change in TK in the TPACK survey. Sancar-
Tokmak and Yanpar-Yelken (2015), on the other hand, stated that there were positive significant differences
between TPACK self-confidence scores before and after creating digital stories. They stated that especially the
TPK and TK scores showed a significant change with the assistance of DST. However, there was no significant
change in TCK. Wen and Shinas (2020) stated that there were significant positive changes in all areas except
PK, while the survey results alone were inconsistent with the other data collection tools. In this research, the use
of a TPACK scale for mathematics distinguishes the study from other studies.

The teacher candidates’ projection onto their lesson plans of their skills in implementing educational
technologies is a sign of increasing TPACK (Kurt et al., 2014; Zimmermann et al., 2021). When the lesson plans
prepared by the preservice teachers before and after the DST process were analysed, it was evident that there
was an improvement in their TPACK. Although she worked with teachers, the results of this research are similar
to those of Dewi (2016). Similarly, Canbazoglu-Bilici, Guzey and Yamak (2016) analysed lesson plans with the
rubric developed by Lyublinskaya and Tournaki (2011) and revealed that participants” TPACK scores increased
significantly, reaching the second of the five TPACK levels on average. Furthermore, Akyiiz (2018),
Crosthwaite, Luciana and Wijaya (2021), Kapic1 and Akgay (2020) and Kwagsawad (2016) also stated that there
was an improvement in lesson plans in their research.

The structured interview questions were analysed with the TPACK diagram (Yuksel-Aslan, 2013). When the
TPACK diagram findings were examined, it was seen that the teacher candidates felt most comfortable in using
the software (TC). This was followed by choosing the topic (CK) and choosing the message (PK), respectively.
However, it was determined that the preservice teachers did not feel very comfortable in TPACK, that is, in
combining the elements. It was observed that the preservice teachers had the most difficulty in creating the
script (PCK), using the software (TK) and combining the elements (TPACK), respectively. From this point of
view, it can be thought that the preservice teachers were unable to fully access TPACK in this process. In their
research, Sancar-Tokmak et al. (2014) applied the TPACK diagram at the beginning and end of the study. As a
result of the study, they stated that preservice teachers did not initially have adequate CK and PCK. Similarly,
Kildan and Incikabi (2015) applied the TPACK diagram at the beginning and end of their study. Accordingly, it
was determined that there was an increase in participants’ TPACK. In this study, based on the knowledge that
the preservice teachers had not previously designed digital stories, no implementation was made at the
beginning of the process.

Studies exist in the literature in which DST has a positive effect on preservice teachers” TPACK (Dewi, 2016;
Harriman & Branch, 2012; Wah, 2018; Kilic et al., 2019; Kildan & Incikabi, 2015; Sancar-Tokmak et al., 2014;
Sancar-Tokmak & Yanpar-Yelken, 2015). Similarly, in this study, it was observed that the DST method had a
positive effect on TPACK development in preservice secondary mathematics teachers.
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