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Technological pedagogical and content knowledge (TPACK) is an essential
framework for chemistry teachers. Teachers are required to be able to integrate
technology into learning so that TPACK must be acquired by pre-service chemistry
teachers. TPACK can be integrated with a modified form of subject-specific
pedagogy (SSP) as SSP has the same concept as PCK. In accordance, this study
aims to measure the effect of using SSP through flipped learning on the pre-service
chemistry teachers’ TPACK. This research was conducted in Creswell's mixedmethod. The subjects were 34 pre-service chemistry teachers from the chemistry
education department in Indonesia. The data obtained from the pre-test and posttest were then analyzed by using Rasch’s stacking-racking method. The result of
this study indicated that pre-service chemistry teachers' ability (stacking method)
from pre-test to post-test increased after being given the intervention. Then, the
item analysis (racking method) showed that pre-service chemistry teachers found it
easier to work on post-test items after being given the intervention. Based on the
qualitative data, it was known that pre-service chemistry teachers could integrate
technology with pedagogy and content in chemistry learning. It revealed that the
intervention given during learning effectively affected the pre-service chemistry
teachers’ TPACK both in terms of personal ability and item difficulty level. Thus,
strengthening TPACK since an early stage, as pre-service chemistry teachers, with
specific treatments, could help them teach in real classrooms.
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INTRODUCTION
One of the uses of technology in learning is the e-learning system. E-learning makes
students get information and establishes effortless communication between students or
lecturers, especially in higher education. The advantage of e-learning is that it is flexible
in time and place, where students can choose the time and place accordingly (Arkorful
& Abaidoo, 2014). E-learning provides information about the previous material and
makes the learning process different (Al Soub et al., 2021). However, e-learning has
weaknesses, one of which is limited communication between students and teachers.
With the e-learning system, students feel they communicate less with teachers
(Alawamleh et al., 2020). Online learning will make students lose concentration if it is
done for too long (Perera et al., 2021). Thus, a combination learning of online and
offline is needed. Students can be involved in online and face-to-face learning
arrangements (Olsen et al., 2020). One of the e-learning based learning strategies is
flipped learning. Using flipped learning allows educators to make learning changes that
were once teacher-centered into student-centered learning (Hamdan et al., 2013). In
flipped learning, students can communicate in one direction about new theories and
repeat the learning materials packaged in the form of films or videos according to their
needs (Østerlie, 2016). In flipped learning activities, the teacher can provide material
that students can access anywhere and anytime according to their convenience (Brewer
& Movahedazarhouligh, 2018). Besides, learning using flipped learning makes
classroom activities into learning that forms collaboration, exploration, and engaging
students (Burke & Fedorek, 2017). Flipped learning can be applied in various learning
activities and various subjects, such as social science, computer science, engineering,
health, art and humanities, mathematics, and more (Hwang et al., 2019). In chemistry
learning activities, flipped learning can be applied, such as in organic courses, analytic
chemistry courses, general chemistry courses, and advanced chemistry courses, where
the subject matter is given outside the classroom (online) and followed by collaborative
problem-solving activities in class (Bokosmaty et al., 2019; Broman & Johnels, 2019;
Hairida, 2019; Ponikwer & Patel, 2018; Reid, 2016). At the university level, learning
activities in chemistry education using the flipped learning approach uncovered students'
good performance (Seery, 2015). Yet, a study from Goradia (2018) showed that flipped
learning received minimum attention compared to inquiry or constructivist learning
among academics. For this reason, flipped learning needs to get attention. Researchers
must be aware of this learning model for 21st-century learning because it is one of the
ICT-based learning models.
On the other hand, flipped learning is a set of lessons designed by teachers. This set is
also known as subject-specific pedagogy (SSP). SSP is a set of comprehensive learning
materials arranged after analyzing the overall materials, student characteristics, school
infrastructure, and concepts used (Rahayu & Suparwoto, 2019; Ubaidillah & Wilujeng,
2019). SSP includes learning plans, learning media, teaching materials, and evaluation
instruments. It is a complete set with the learning model used (Riyadi et al., 2018).
Several studies in chemistry learning activities had conducted the SSP development with
various learning models. SSP developed employing problem-based learning, guided
inquiry, and guided discovery to improve students' abilities (Rahayu & Suparwoto,
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2019; Riyadi et al., 2018; Sastradika & Jumadi, 2018). It signifies that SSP can also be
developed with other learning models utilizing ICT in the learning process, such as
flipped learning. Currently, there is no study on SSP development with flipped learning.
Therefore, this research develops SSP through flipped learning.
SSP is closely related to pedagogical and content knowledge (PCK) as it has the same
concept as PCK, a representative form of the teacher's knowledge and thought
processes. SSP involves knowledge of subject matter description, student understanding,
implications of teaching and learning, teaching strategies, curriculum knowledge, and
knowledge of the context and goals of education, just the same as PCK (Handayani &
Wilujeng, 2017). PCK is a representative combination of content and pedagogy,
covering specific topics, problems, issues, and representations. It goes with students'
various interests and abilities (Shulman, 1987). Besides, PCK is an idea to teach
material not only through understanding concepts but also by developing strategies that
are appropriate to the character of students (Koehler et al., 2014). PCK is also a
teacher's interpretation of where the subject matter is packaged into learning activities to
be well-accepted by students (Mishra & Koehler, 2006). PCK relies on both content and
pedagogical knowledge, balanced with teaching experience, to become a unitary PCK
(Aziz et al., 2020).
In learning activities, PCK relates to ICT. Implementing ICT-based media in teaching
PCK can make learning interactive (Maryani & Martaningsih, 2015). Above all, PCK is
vital for teachers. Yet, Shulman's PCK theory does not discuss technology despite its
urgency in education. Thus, content (C), pedagogy (P), and technology (T) become the
center of teacher teaching development (Mishra & Koehler, 2006). T and C describe
teachers' knowledge about learning materials that are changed with technology
implementation, while T and P explain the application of technology to support teachers'
pedagogical goals. These three components belong to TPACK knowledge (Koehler &
Mishra, 2005). TPACK represents classroom knowledge, which is crucial for teachers to
teach with technology (Mishra & Koehler, 2006). The TPACK framework is built on the
concept of PCK, integrated with the technological knowledge component (Graham,
2011). The relationship between PCK and TPACK is supported by integrating
technology into student learning problems (Koh & Chai, 2016). Hence, SSP can be
interpreted as the representative of TPACK because SSP results from teachers'
pedagogical and content knowledge in the classroom integrated with technology.
Further, the TPACK framework is essential knowledge for pre-service teachers as
TPACK components include teacher competencies, such as mastery of material content,
pedagogy, technology, and their combination to make engaging learning (Naziri et al.,
2019). On the other hand, it turns out that many teachers still do not utilize technologybased media integrated with pedagogy in the classroom (Utami & Muhtadi, 2020). If
teachers do not know the relationship between technology and content, it will be hard to
determine the technology used in the classroom (Harris & Hofer, 2011). It shows that
TPACK training is essential for pre-service chemistry teachers. Pre-service chemistry
teachers who study the TPACK framework can increase their knowledge and develop
learning plans integrated with ICT in chemistry learning (Anci et al., 2021; Cetin-Dindar
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et al., 2018). Pre-service teachers must also receive guidance on effectively integrating
technology into their learning activities (Pamuk, 2012). The effectiveness of using
computers in pre-service teachers affects the increased knowledge of technology,
content, and pedagogy (Kartal & Afacan, 2017). Technology education training,
methods, and field experiences contribute to TPACK to pre-service teachers for direct
learning and training activities in the classroom (Mouza et al., 2014). In addition, the
application of ICT in learning activities provides pre-service teachers opportunities to
develop their TPACK (Baran et al., 2019). Furthermore, improving technology skills
possessed by pre-service teachers can help them develop their pedagogy in the
classroom (Gao et al., 2009). Besides, university students are shown to be able to
integrate technology with pedagogy quite well (Ching et al., 2016). In the end, learning
using the TPACK approach can affect students' learning abilities in class (Irmita &
Atun, 2018).
Based on a study, pre-service chemistry teachers must know the TPACK framework. In
this case, TPACK for pre-service chemistry teachers can be conveyed with designed
learning through the SSP integration with the TPACK components. The SSP used must
also be integrated with the ICT-based learning model to align with the TPACK
framework. One suitable learning model used is flipped learning. Flipped learning
activities can help pre-service teachers build their knowledge of the TPACK framework
through technology in their class (Piotrowski & Witte, 2016). In addition, the
application of ICT in the flipped learning process can overcome time constraints
(Syakdiyah et al., 2018). Therefore, this study develops SSP used through flipped
learning to determine the pre-service chemistry teachers’ TPACK ability.
An analysis is needed to discover the TPACK ability level of pre-service chemistry
teachers obtained from the test results. These results can be analyzed using the Rasch
model. Rasch model analysis places the person and item on a scale, where the placement
reflects the individual ability and item difficulty (Forster et al., 2005). The Rasch
modeling jointly uses score data based on each person and each item score, where the
score is employed as the basis for estimating the pure score to show student’s ability
level and questions’ difficulty level (Sumintono & Widhiarso, 2015). This study
employed Rasch’s stacking-racking model to measure the pre-service chemistry
teachers’ TPACK ability as this analysis can determine changes over time (two different
conditions). Stacking racking analysis is a measurement from the same person, often
obtained at two points in time or two conditions (time 1 vs. time 2) to investigate
changes (Wright, 1996). In addition, research using Rasch’s stacking-racking model to
measure the pre-service chemistry teachers’ TPACK has not been found. Therefore, this
study analyzes how the intervention influences using SSP through flipped learning on
the pre-service chemistry teachers’ TPACK with Rasch's stacking-racking model
measurement. This measurement was used to determine the extent of pre-service
chemistry teachers’ TPACK with the intervention. According to the Indonesian
curriculum, TPACK is essential because teachers must integrate technology into their
learning activities. The analysis carried out with Rasch’s stacking-racking method can
be used to see changes in each individual's response pattern from pre-test to post-test. It
shows how each pre-service chemistry teacher possesses TPACK.

International Journal of Instruction, July 2022 ● Vol.15, No.3

Widyasari, Masykuri,Mahardiani, Saputro & Yamtinah

1011

METHOD
General Background
This study aims to measure the effect of SSP through flipped learning on the pre-service
chemistry teachers’ TPACK with the Rasch model’s stacking-racking analysis. This
study used a mix-method design, especially with embedded design (Creswell, 2006). In
embedded design, qualitative data is employed to support quantitative research data.
Sample
This study involved 34 pre-service chemistry teachers as research subjects. The research
subjects involved in this research were 4th-semester students who took the Chemistry
Learning Program Planning and Development course. In the Chemistry Learning
Program Planning and Development course, pre-service chemistry teachers learned
lesson plan principles and procedures. Prior to taking this course, they studied basic
chemistry, inorganic chemistry, analytical chemistry, physical chemistry, organic
chemistry, and learning technology. In previous lectures, pre-service chemistry teachers
were accustomed to using various learning models. Besides, the ICT facilities had
always been utilized to support the classroom's learning model. Using SSP through
flipped learning was very suitable for this university, especially in the Chemistry
Education Department.
Classroom Environment
This research used flipped learning which included virtual (online) and face-to-face
(offline) learning activities. In the online class, the lecturer asked the pre-service
chemistry teachers to studied the development of SPP based on TPACK through the
SPADA e-learning platform. SPADA is an e-learning platform used by campuses to
support online learning activities in the campus environment. This platform is equipped
with various supporting features: administrative features, delivery of teaching materials,
discussion and communication rooms, testing, and assessment. The SPADA platform
used can be seen in Figure 1.
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Figure 1
The SPADA platform used in this research
At SPADA, the pre-service chemistry teachers could access material and discuss with
other fellow teachers through the discussion feature provided by the lecturer. In this
activity, the pre-service chemistry teachers were asked to analyze the contents of the
developed SSP. After that, the pre-service chemistry teachers conducted offline class
activities. In the offline class, the lecturer conducted collaborative discussion activities
with the pre-service chemistry teachers. In this activity, the lecturer asked about the
difference between the TPACK-based SSP and the SSP commonly used by teachers in
schools. Then, the pre-service chemistry teachers were asked to analyze the material
about lesson planning and provide feedback through the discussion feature. After that,
they carried out learning activities in class and discussed the material with the lecturer.
Discussions were conducted collaboratively with the group to create a lesson plan
produced by the TPACK framework. After that, an evaluation was carried out to
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determine the TPACK ability after the intervention. The assessment instrument was also
adjusted to the TPACK framework. This assessment instrument was prepared by
formulating the assessment objectives, determining material specifications, determining
question indicators, and making evaluation items.
SSP Descriptions
SSP is a set of lessons designed by educators. The SSP used in this study was a form of
the SSP through flipped learning. The SSP used was based on the curriculum currently
being used in Indonesia. The SSP was also developed through flipped learning, where
each activity reflected the seven TPACK components. The developed SSP was a lesson
plan, which comprised learning media and assessment sheets. The lesson plan used was
adjusted to the TPACK framework and flipped learning. Learning activities are carried
out synchronously and asynchronously written in the SSP. Each learning activity
contained in the SSP reflects the seven components of TPACK. In the first step, the preservice teachers learned the material through SPADA from the lecturer. This activity
was carried out synchronously anywhere and anytime. After that, the pre-service
teachers carried out asynchronous activities with collaborative discussions with their
fellow teachers.
Design Study

Figure 2
The embedded design used in this research
This study used a mix-method design, especially the embedded design by Creswell
(2006). Data collection was carried out quantitatively in this embedded design,
supported by secondary qualitative data. Quantitative data were obtained using pre-test
(before intervention) and post-test (after intervention) data. Before conducting the
research, pre-service chemistry teachers were asked to conduct the pre-test of the
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TPACK instrument in the first week. After the pre-test was carried out, the class was
given treatment according to the study objectives in the second week. During the
learning activities, pre-service chemistry teachers were given treatment using SSP
through flipped learning. After being given treatment, they were asked to respond to the
TPACK instrument again as a post-test form in the third week. After that, they were
given the questionnaire to follow up on the experimental results. Meanwhile, the
questionnaire was analyzed qualitatively as secondary data. It was used to determine the
TPACK possessed by the pre-service chemistry teachers and the effect of the
intervention given on their TPACK abilities. This research design can be seen in Figure
2.
Instruments
The assessment instrument used in this study consisted of 20 questions in form of
multiple choices. The questions contained in the instrument covered the seven TPACK
components. It included Pedagogical Knowledge (PK), Content Knowledge (CK),
Pedagogical Content Knowledge (PCK), Technology Knowledge (TK), Technological
Content Knowledge (TCK), Technological Pedagogical Knowledge (TPK), and
Technological Pedagogical Content Knowledge (TPACK). The assessment instrument
indicator employed in this study was a modification of the TPACK instrument indicators
by Schmidt et al. (2009), which was adjusted to the teacher competency qualification
standards in the Regulation of the Minister of National Education of Indonesia
(Kemendikbud, 2007). The indicators created were then utilized as a reference for
making questions on the TPACK assessment instrument. The indicators for each
TPACK component used in this study are presented in Table 1.
Table 1
Assessment instrument indicators based on TPACK components
TPACK
Components
PK

CK

PCK
TK
TCK
TPK
TPACK

Indicators
Implementing student-centered learning
Understanding the principles of educational lesson planning
Applying learning methods according to the material being taught
Analyzing students' initial abilities before learning the following material
Mastering basic competencies and learning objectives according to learning materials
Understanding the material according to the representation of chemistry education
(macro, sub-micro, symbol)
Applying chemistry in daily life
Combining content with learning models according to the content being taught
Evaluating student learning outcomes
Understanding technology functions
Applying various technologies that can be used to help students understand chemical
concepts
Using technology in accordance with the approaches, methods, and learning models used
Using technology that can increase student learning motivation
Integrating technology with content and pedagogy in the classroom

The questionnaire in this study employed indicators from the TPACK components,
presented in Table 1. These indicators were used to make ten-item questionnaires,
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including two PK component items, two CK component items, one PCK component
item, two TK component items, one TCK component item, one TPK component item,
and one TPACK component item. This questionnaire was then given to the pre-service
chemistry teachers in the fourth week. The items in the TPACK questionnaire are
displayed in Table 2.
Table 2
TPACK questionnaire items
Number
of Items
1
2

TPACK
Components
PK
PK

3
4
5

CK
CK
PCK

6
7
8

TK
TK
TCK

9
10

TPK
TPACK

Statements
I know activities that can be student-centered.
I know different approaches, methods, and learning models in
learning activities.
I have understood the concept of chemistry in depth.
I know the application of chemical concepts to everyday life.
I can determine the learning approach/method/model according to
the material to be taught.
I can learn technology easily.
I know the current technology developments.
I know various technologies that can be used to help students
understand chemistry.
I know the technology that can increase student motivation.
I can integrate technology into learning activities and chemistry
content.

Data Analysis
Before being tested, the TPACK instrument had gone through a validation process by
ten instrument validators. This study's validators were one subject material expert, one
media expert, one evaluation and assessment expert, and seven education experts or
teachers who had worked for more than 15 years. The expert validation results were
gauged using Aiken’s validation calculations. V value ranges from 0 - 1, and the criteria
used to declare an item valid in the content on the number of raters (assessors) of 10
people is 0.73 (Aiken, 1985). The validation results by raters were obtained more than
0.73. It signified that the instrument was valid to use.
Table 3
TPACK instrument reliability
Real
Model

Separation
Person
2.08
2.19

Item
4.01
4.31

Reliability
Person
0.81
0.83

Item
0.94
0.95

Cronbach's alpha
0.85

After the validation, the instrument was tested for reliability using the Rasch model. The
analysis results produced output in the form of item reliability, person reliability, and
Cronbach's alpha. The reliability results of the TPACK instrument can be seen in Table
3. Table 3 exhibits that the person's reliability in the TPACK instrument used valued
0.81. It indicated that pre-service chemistry teachers' consistency in answering questions
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on the TPACK instrument was good. Then, the item reliability in the TPACK instrument
used was 0.94. It denoted that the items’ quality in the TPACK instrument was very
good. Besides, Cronbach's alpha value was 0.85, indicating that the interaction between
person and item as a whole was very good.
Additionally, the quantitative data from the pre-test and post-test results were then
analyzed through Rasch’s stacking-racking model. Stacking analysis provided change
information at the individual level, indicating that an individual's ability had been
increased, degraded, or maintained due to a fixed item's difficulty, which was unchanged
from time to time. Measuring change at the individual level enabled the researcher to
identify competent and problematic individuals with the intervention (Ling et al., 2018).
Meanwhile, racking analysis was used to investigate the intervention's impact on each
item's difficulty from a sample perspective. It was not possible to evenly affect all items'
responses; some items may become more difficult due to intervention or time passing
(Wright, 1996, 2003a). The intervention did not influence responses for all items
equally but had a more substantial effect on items that were directly related (Anselmi et
al., 2015). This stacking-racking analysis came from the pre-test and post-test data that
each pre-service chemistry teacher had. This analysis resulted in two measures, namely
the pre-test scale score and the post-test scale score. The differences between these scale
scores represented the students’ understanding changes due to the learning (HerrmannAbell et al., 2016).
The pre-test and post-test scores were obtained in the form of dichotomous data. The
dichotomous data were from the 'right' and 'wrong' answers, coded with the numbers '1'
and '0' (Sumintono & Widhiarso, 2015). Then, the data were analyzed by utilizing the
Ministep software to obtain the measure values of pre-test and post-test. The pre-test
and post-test measure values were then analyzed by using the stacking-racking method,
and the difference in measures was seen. The TPACK ability results before and after
being given treatment were analyzed using stacking-racking derived from the response
patterns possessed by each individual so that they could produce different measure
values. The placement of time 1 vs. time 2 data in Rasch’s stacking-racking model
analysis based on Wright (2003) is presented in Figure 3.

Figure 3
Placement of the stacking-racking analysis data used in this research
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Meanwhile, the qualitative data were analyzed employing qualitative analysis from
Miles & Huberman (1994), where the data collected were then performed data
reduction, data presentation, and conclusion drawing. The data were obtained from the
questionnaire results given to pre-service chemistry teachers who had been given the
intervention. These qualitative data were used to follow up the experiment results
(intervention). The data reduction process was employed to avoid data that was not
following the research objectives to be presented systematically. Then, the conclusion
drawn was to display appropriate data to support primary data.
FINDINGS
Item Fit
Item fit on the TPACK instrument was seen from the results of Outfit mean square
(MNSQ), Outfit Z-standard (ZSTD), and Point Measure Correlation (Pt Measure Corr)
on each item using the Rasch model analysis. The criteria for an item were in
accordance with the requirements, namely 0.5 <MNSQ <1.5, -2.0 <ZSTD <+2.0, and
0.4 <Pt Measure Corr <0.85 (Boone et al., 2014). The TPACK fit item results can be
seen in Table 4.
Table 4
Item fit on TPACK
Entry
Number
4
15
10
5
8
14
7
6
2
9

MNSQ

ZSTD

1.60
0.95
0.86
0.99
0.79
0.83
0.81
0.82
1.40
0.47

1.39
-0.27
-0.90
-0.30
-0.54
-0.25
-0.23
-0.13
0.74
-0.70

Pt Measure
Corr
-0.12
0.36
0.46
0.28
0.40
0.26
0.26
0.21
-0.04
0.45

Entry
Number
17
11
12
13
18
19
20
1
3
16

MNSQ

ZSTD

0.77
0.96
0.63
1.06
1.32
0.99
0.99
1.01
0.46
0.46

-0.11
0.26
-0.16
0.37
0.62
0.30
0.30
0.46
-0.06
-0.06

Pt Measure
Corr
0.21
0.22
0.31
0.12
-0.01
0.08
0.08
0.05
0.23
0.23

Table 4 displays that several items were not fit in the MNSQ and PT Measure Corr
outfits. Even though these items did not meet the requirements in one of the MNSQ
outfits, PT Measure Corr, or both, the items contained in the instrument in the ZSTD
outfit were still within the permitted limits. Therefore, these items were retained and did
not need to be replaced or reduced. It could be concluded that the 20 items contained in
the TPACK instrument had all the questions retained and did not need to be replaced.
Stacking Analysis
In this stacking analysis, information about the person measure pre-test and post-test
was obtained. Then, the person measure was combined to get the person measure
difference value of each pre-service chemistry teacher. This difference result of person
measure could determine the extent of each pre-service chemistry teacher’s ability level.
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The person measure results of pre-service chemistry teachers’ TPACK analysis are
depicted in Table 5.
Table 5
Person measure pre-test and post-test of pre-service chemistry teachers
Label
Name
E01
E02
E03
E04
E05
E06
E07
E08
E09
E10
E11
E12
E13
E14
E15
E16
E17

Person Measure
PostPre-test
test
-1.67
2.00
-1.33
1.21
-1.67
2.00
-2.03
1.58
-0.70
2.49
-0.70
2.49
-1.01
2.00
0.23
4.10
-0.40
2.49
-1.33
2.00
-0.40
2.00
-0.09
2.49
-1.67
2.00
-0.70
2.00
-0.09
1.58
-1.01
2.00
0.23
3.13

Difference of
Person
Measure
3.67
2.54
3.67
3.61
3.19
3.19
3.01
3.87
2.89
3.33
2.40
2.58
3.67
2.70
1.67
3.01
2.90

Label
Name
E18
E19
E20
E21
E22
E23
E24
E25
E26
E27
E28
E29
E30
E31
E32
E33
E34

Person Measure
PrePosttest
test
-1.33
1.58
0.54
3.13
-1.33
2.00
0.23
4.10
-0.70
1.58
-0.40
2.00
-1.01
1.21
-0.70
2.49
-0.40
2.00
-1.01
0.54
0.54
4.10
-1.01
2.00
-1.01
2.00
-1.01
2.49
-0.40
2.49
-0.40
2.00
0.23
2.49

Difference of
Person
Measure
2.91
2.59
3.33
3.87
2.28
2.40
2.22
3.19
2.40
1.55
3.56
3.01
3.01
3.50
2.89
2.40
2.26

Table 5 shows that the increases in the pre-service chemistry teachers' ability varied
from the lowest increase in ability to the highest increase ability. In Table 5, it can be
seen that the pre-service chemistry teachers who experienced the lowest increase in the
ability had a person measure the difference of 1.55. Meanwhile, the pre-service
chemistry teachers who experienced the highest increase in the ability had a person
measure the difference of 3.87. The difference in the person measure values revealed
that each pre-service chemistry teacher’s ability varied. It depends on each pre-service
chemistry teacher’s ability level. It signifies that after being given the intervention, the
pre-service chemistry teacher's ability to respond to post-test items was better than the
pre-test.
Racking Analysis
Item analysis (racking) is an analysis that describes an item’s difficulty level from pretest to post-test. It can be seen from the measurement values of the pre-test and post-test
items. In item analysis (racking), if an item has an increasingly positive item measure
value, it is increasingly difficult to work. Otherwise, if an item has an increasingly
negative item measure value, it is easier to work. The item analysis (racking) results of
pre-service chemistry teachers can be seen in Table 6.
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Table 6
Item measure pre-test and post-test of pre-service chemistry teachers

1
2
3
4
5
6
7
8
9

Item Measure
Pre-test
0.73
0.47
0.08
3.62
1.00
-0.51
2.82
4.36
4.36

Post-test
-3.07
-1.89
-3.07
2.31
0.34
-1.56
-1.29
-0.68
-1.89

CK
CK
CK
CK
PCK
PCK
TK

10
11
12
13
14
15
16

3.16
3.16
3.62
4.36
-0.68
1.43
-0.68

0.60
-2.34
-2.34
-2.34
-1.06
1.00
-3.07

2.56
5.50
5.96
6.70
0.38
0.43
2.39

TCK

17

-0.86

-1.89

1.03

TPK
TPK
TPACK

18
19
20

-0.51
-0.51
-0.21

-2.34
-2.34
-2.34

1.83
1.83
2.13

TPACK component

Items

PK
PK
PK
CK
CK
CK
CK
CK
CK

Difference of Measure Items
3.80
2.36
3.15
1.31
0.66
1.05
4.11
5.04
6.25

Table 6 presents that the pre-test measure item value for pre-service chemistry teachers
was greater than the measure item value during the post-test. It shows that pre-service
chemistry teachers found it easier to do post-test questions after being given treatment
than when working on pre-test questions. It is in line with Pang et al.'s (2019) research
that most respondents did better on the post-test. Then, to see the increase in pre-service
chemistry teachers in answering each item in the instrument, it can be seen from the
difference in their item measure. Based on Table 6, the item that experienced a slight
increase in the measured value is item number 14 on the PCK component with a
measure item difference of 0.38. Meanwhile, the item that increased the measured value
the most is item number 13 in the CK component, with a measure item difference of
6.70.
Person-item map
Based on the measure item differences in Table 6, each item has a different change in
response pattern. Changes in each item's response pattern from pre-test to post-test are
displayed from the person-item map generated from the Rasch analysis in Figure 4.
Figure 4 represents the changes to which items were difficult or easy to accomplish by
pre-service chemistry teachers before and after the intervention. Eight items were
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difficult for all pre-service chemistry teachers to work on during the pre-test. These
items came from the CK component. After the intervention, it was found that seven
items became easier for all the pre-service chemistry teachers to work on during the
post-test. However, there was one item, number 4, which was still difficult for the preservice chemistry teachers to work on after the intervention. Pre-service chemistry
teachers still had difficulty analyzing the initial concepts before moving on to new
concepts. It was related to the depth of their concept. In fact, their understanding and
depth of concept played an essential role in avoiding misconceptions when teaching in
class. Teachers who do not understand the material being taught will affect student
misconceptions (Kaya, 2013). Therefore, content knowledge plays a vital role in
teaching success in the classroom (Nilsson, 2008).

Note
P :
O :

pre-test
post-test

Figure 4
TPACK person-item map for pre-service chemistry teachers
TPACK Questionnaire
Qualitative data were obtained from a questionnaire given to pre-service chemistry
teachers after the intervention. These data were related to the TPACK they had after
being given the intervention. They were asked to respond to a questionnaire about
TPACK containing 25 questions. The questionnaire used a Likert scale of 1-4. Then the
data collected was a percentage with indicators if 0% -24.99% = very poor, 25% 49.99% = less, 50% - 74.99% = quite good, and 75% - 100% = good. After the data
were collected, the data were reduced and presented in table 7. Table 7 shows the
knowledge possessed by the pre-service chemistry teachers on each TPACK component.
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Table 7
The results of the TPACK pre-service chemistry teacher questionnaire
Number of
Items
1
2
3
4
5

TPACK
Components
PK
PK
CK
CK
PCK

Percentage
(%)
71.88
73.44
58.31
73.44
71.88

Number of
Items
6
7
8
9
10

TPACK
Components
TK
TK
TCK
TPK
TPACK

Percentage
(%)
75.00
76.56
75.00
76.56
70.31

Table 7 exhibits that of the seven TPACK components, it was found that one of the
items in the CK component had a low response. The item was about the depth of the
concept they currently had. There were only 58.31% felt that their current chemical
concept was good enough. Meanwhile, others were still doubtful whether they
understood chemistry concepts well and in-depth. However, for the most part, the
integration of technology into pedagogy or content was good.
DISCUSSION
Measurements in this study were used to analyze the effect of the interventions given
using the SSP through flipped learning. The effect referred to was the effectiveness of
using SSP through flipped learning on TPACK pre-service chemistry teachers. Based on
the stacking analysis results, it could be seen how pre-service chemistry teachers
influenced their TPACK after being given treatment (intervention). It could be used to
see their TPACK ability increased, decreased, or remained.
This study used an e-learning system through a flipped learning strategy. During these
learning activities, pre-service chemistry teachers were given intervention using SSP
containing content knowledge and pedagogy to increase their TPACK knowledge.
Based on Table 5, it was known that the difference between the person measure pre-test
and post-test of 34 pre-service chemistry teachers as a whole was positive. It showed
that each pre-service chemistry teacher had an increase in ability from pre-test to posttest after being given intervention in learning. Therefore, all pre-service chemistry
teachers had a better TPACK ability, which increased than before the intervention. In
this case, improving TPACK ability is crucial for pre-service chemistry teachers because
they can provide meaningful learning to their students later. All components that make
up TPACK are essential to provide optimal results in class (Mupita et al., 2018). The
increase in pre-service chemistry teachers' TPACK ability revealed that the interventions
given using SSP through flipped learning could affect their TPACK abilities. It was
because SSP through flipped learning reflected the seven components in TPACK: PK,
CK, PCK, TK, TCK, TPK, and TPACK, which pre-service chemistry teachers should
have. Besides, the learning steps used in the SSP were by the characteristics and
evaluation achievements that pre-service chemistry teachers should also have. It could
help them increase their TPACK.
In the racking analysis, it was known that each item tested had a change in the pre-test
and post-test measure item values. Based on the study results in Table 6 and Figure 4,
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the pre-service chemistry teachers' response pattern change was significant. The
response pattern showed that each item in the PK, CK, PCK, TK, TCK, TPK, and
TPACK components had a different response pattern after the intervention. This change
in response patterns was due to the influence of the interventions given to pre-service
chemistry teachers during learning activities. This intervention affected them, where
they could work on items with an easier difficulty level than before the intervention was
given. The application of the TPACK framework in the learning process (intervention)
influenced their TPACK. It is supported by the research of Durdu & Dag (2017) that the
learning process by implementing the TPACK framework positively impacted the
development of pre-service teachers’ TPACK. The intervention given was the use of
SSP through flipped learning. This SSP could help pre-service chemistry teachers work
more easily on most of the items contained in the instruments that covered the seven
TPACK components.
During their learning activities, they used flipped learning. This learning activity could
help them improve and understand the knowledge they had. Students involved in flipped
classroom activities could improve their ability to relate concepts to one another and
transfer their knowledge for further learning activities (Kozikoğlu, 2019; Shattuck,
2016; Sudarmika et al., 2020). Flipped learning is a learning strategy that utilizes an elearning system. E-learning can increase pre-service chemistry teachers’ motivation to
learn. Also, e-learning plays a role in increasing learning motivation; when student
learning motivation increases, it will generate curiosity and encourage them to seek the
information they need (Rahayu & Suparwoto, 2019). Hsu et al. (2017) state ICT
involvement can increase self-confidence in TPACK. Besides, pre-service chemistry
teachers conducted learning in two stages in flipped learning activities: virtual and faceto-face carried out collaboratively. In virtual, pre-service chemistry teachers studied the
material and dug up the information in e-learning and other sources. This virtual
learning could be done by pre-service chemistry teachers anywhere and anytime. Then,
after they had done virtual learning, pre-service chemistry teachers would do face-toface learning in class collaboratively. This collaborative activity helped pre-service
chemistry teachers improve their abilities and knowledge about TPACK with the
provision of knowledge or material that had been previously learned through virtual.
During the collaboration, they would share the knowledge they had with their friends.
Through collaborative activities and sharing ideas in class, they would feel satisfied
(Rodphotong, 2018).
Based on Rasch’s stacking-racking analysis results, learning activities using SSP
through flipped learning were effectively used to increase TPACK. This effectiveness
affected pre-service chemistry teachers’ response patterns. Besides, it could help deepen
and strengthen their TPACK knowledge as the SSP is an interpretation of learning
activities in the classroom that includes content knowledge and pedagogy. Knowledge of
pedagogy and content contained in the SSP is related to technology in the e-learning
learning system through flipped learning. The SSP contains how the strategies and
teaching methods are used in explaining the concept of chemistry. It is effective in
helping pre-service chemistry teachers to understand how to describe the subject matter
and teaching strategies in a class by utilizing technology so that it is easier to understand
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the TPACK framework. Technology courses in the previous semester could also affect
their technology knowledge. It could help them integrate technology into pedagogy and
content. In this regard, technology can be used to assist scientific investigations and
improve students' knowledge in the classroom (Tanak, 2020). Besides technology, preservice chemistry teachers’ content knowledge should also be realized. Based on this
study results, many pre-service chemistry teachers found it difficult to understand the
chemistry concept (CK). Therefore, through this research, it is expected that authorities
(universities) can provide interventions in learning activities through SSP based on the
TPACK framework. It is a concern because it is one factor that influences pre-service
chemistry teachers’ TPACK. Thus, it can help them to integrate technology into their
learning activities while in the actual class. Furthermore, educators must pay attention to
the SSP they use in class, whether in accordance with the TPACK framework. Besides,
learning models in line with the TPACK framework, such as flipped learning or other
models, also need to be considered. Further research on the pre-service chemistry
teachers’ background can also be considered for the TPACK’s effect, apart from
classroom intervention.
CONCLUSION
SSP is important for pre-service chemistry teachers because it has the same concept as
PCK that contains knowledge of content and pedagogy. This knowledge prepares them
before teaching in a real class. Teaching SSP can be done by learning with an e-learning
system through flipped learning. Combined with the use of ICT, it helps pre-service
chemistry teachers understand the TPACK framework contained in the SSP. The
stacking-racking results revealed that the use of SSP through flipped learning could
positively affect pre-service chemistry teachers’ TPACK. After giving the intervention,
it was known that each pre-service chemistry teacher’s ability increased, and the item’s
difficulty level decreased or was easier to work on during the post-test than the pre-test.
The difference in each pre-service chemistry teacher's ability depended on the response
pattern given by each of them to the pre-test and post-test instruments. The different
response patterns of pre-service chemistry teachers for each item indicated that each preservice chemistry teacher had different abilities for each TPACK component. It
suggested that the change from time 1 vs. time 2 was due to the intervention.
Interventions can be in form of learning activities or other treatments, which can impact
individual abilities. Therefore, pre-service chemistry teachers need intensive guidance or
treatment regarding TPACK to prepare them facing the actual class better.
Nevertheless, this study has several limitations. The research sample was limited to only
34 pre-service chemistry teachers so that the ability diversity analyzed was also limited.
The subject used in this study was still limited, they were the second-year pre-service
chemistry teachers. Further research can use pre-service teachers from the third year and
in-service teachers. It can also analyze based on the gender of the subject used. It is
recommended for further research to use more samples in different areas so that the
capabilities analyzed are more significant and diverse. In addition, SSP through flipped
learning can be combined with other ICT-based learning models and adapted to the
latest rules of the lesson plan used by schools.
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