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Abstract. This study aims to obtain a TPACK-based learning design that can 
improve high school students' numeracy literacy skills in Mathematics subjects 
that are valid, practised, and effective. Mathematics still needs to be considered 
a complex subject by some students. It is still conceivable to convey basic and 
center school science based on students' encounters with lifestyle. High school-
level material requires a higher level of understanding. Consequently, creating 
learning experiences that offer students direct engagement is essential. Techno-
logical Pedagogical and Content Knowledge (TPACK) integrates various appli-
cations, focusing on the interplay of technology, pedagogy, and content. Re-
search on developing TPACK- based Mathematics learning designs uses the Thi-
agarajan (4D) development type, but the research implementation is limited to 
the Definition, Design and Development stages. The trial was conducted using 
tests on 32 class XII students of SMAN 6 Madiun. Data collection was carried 
out by filling in validation sheets for learning tools by validators (validity test), 
observation sheets during learning (practicality test), student response question-
naires and learning outcomes tests (effectiveness test). Validity, practicality and 
effectiveness data were analyzed quantitatively. The analysis results showed that 
the validity of the TPACK-based learning on Mathematics design is 70,83%, 
which meets the valid criteria. The results of the practicality analysis of 72,37% 
indicated that practical criteria, and the effectiveness of 56,60% showed that the 
requirements are quite effective. The TPACK-based high school mathematics 
learning design is valid, practical, and quite effective. 
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1 Introduction 

The development of human life is currently experiencing rapid progress due to the im-
pact of technology. Society and various fields of life will feel the impact, especially in 
education. All aspects of daily life impact teachers in the field of education. Teachers 
are faced with students who are very technologically literate, which is also the impact 
of the COVID-19 pandemic [1-3]. Through the independent curriculum, the govern-
ment wants educational institutions to implement technology-based learning. This will 
trigger the increasing speed of instructive innovation in Indonesia. This certainly has a 
positive effect since instruction innovation is in line with the period of Mechanical 
Transformation 4.0, which proceeds to creep forward. The current circumstance is cer-
tainly not simple for the world of instruction [1, 4]. 

The learning outcomes students achieve after the learning process are still a measure 
of success. After the mathematics learning process is completed, students must grasp 
mathematical concepts, apply logical reasoning, solve problems effectively, and com-
municate their ideas, have curiosity and attention, and be interested in practicing math-
ematics. Academic success is intrinsically linked to the various learning processes un-
derpinning it; therefore, it cannot be considered in isolation from how learning occurs. 
Factors that can influence the learning process and learning outcomes include internal 
factors of students, namely learning motivation, and external factors, namely learning 
patterns [2]. Motivation to succeed also plays an important role in personal develop-
ment and achieving specific goals, such as academic success [5,6]. Several efforts have 
been made to improve the quality of Indonesian education, including improving the 
quality of teachers, increasing graduation standards, improving school facilities and in-
frastructure, and developing technology-based learning methods. 

Therefore, thinking about appropriate and creative learning strategies is necessary 
without leaving behind educational science (pedagogy). Learning strategies are system-
atic steps educators use to create a learning atmosphere that allows learning to occur 
and specific skills to be acquired. Learning mathematics can be a fun experience for 
students. This depends on the teacher who presents mathematics as an interesting ap-
plication. Currently, almost every social activity is centered on society and technology-
based, as are learning activities. Until now, technology-based learning is still being car-
ried out, so there needs to be continuous effort in innovative learning by applying tech-
nology. The development of information technology today is increasingly opening up 
opportunities for teachers to utilize technological facilities and the need for learning 
innovation to support the learning process. Of course, teachers are now starting to de-
velop learning methods based on sophisticated technology [7], [8]. 

Given the current technological advances, student knowledge transfer needs to be 
adjusted. The approach is applied based on TPACK (Technological, Pedagogical, and 
Content Knowledge). TPACK is an integrated learning approach that challenges teach-
ers to master knowledge about facilitating student learning from content material 
through pedagogy and technology [1]. In addition to mastering subject lessons and ped-
agogy, teachers must follow technological developments. Therefore, integrating mate-
rial, pedagogy, and technology is necessary [3]. TPACK-based learning is a framework 
for understanding and describing the types of knowledge teachers need to carry out 
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practical teaching activities and conceptual understanding by integrating technology 
into learning practices. This research needs to be conducted because nowadays, stu-
dents interact more with technology and school demands assignments after learning and 
the final grades obtained by students. 

2 Research Method 

The research conducted was classified as Research and Development (R&D) or devel-
opment research. According to [4], development research aims to create a specific prod-
uct, including test of validity, practicality, and effectiveness. The development model 
used in this study is the Four D (4D) model. According to Raysharie et al. (2023) and 
Sides & Cuevas (2020), this 4D model includes four stages of development: identifica-
tion, design, development, and dissemination [5,6]. The first stage is the discovery stage 
(identification), which includes the content analysis and problem definition stages. The 
second phase is the design stage, which includes designing learning devices and com-
piling the product's initial form (prototype). The next stage is the development stage, 
which includes product validation, which is the product realization stage. The fourth 
phase is the dissemination phase, which aims to promote the developed product so that 
users can adopt it, whether individuals, groups, or systems. 

 
Fig. 1. Thiagarajan 4-D model 

The mathematics learning design based on TPACK encourages students to work col-
laboratively in groups during class. They then present the outcomes of their discussions 
to the entire class. Students carry out learning using computers with MS Excel and 
questions that can be accessed via their respective gadgets to complete the concept of 
bivariate statistics. In the final phase, students complete questions to determine learning 
outcomes. 

Mathematics teachers validated the teaching module as learning media and planning 
experts. The study subjects were grade XII students of SMA Negeri 6 Madiun. The data 
collected were: (1) data from the validation results of the teaching module from the 
learning planning expert and learning media expert and (2) data from the results of 
small group trial tests. Data for this developmental research was collected using a ques-
tionnaire. Specifically, a structured questionnaire sheet was employed to gather infor-
mation from experts of content, learning media specialists, and students. Quantitative 
data were analyzed from the completed validation sheets by calculating the percentage 
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of scores obtained. Table 1 explains the criteria used to develop TPACK-based mathe-
matics learning tools. 

A data collection technique, a questionnaire with a Likert scale, was used to obtain 
validation and practical data. The effectiveness aspect was obtained by conducting a 
test on student learning outcomes. The non-test questionnaire for validation used a Lik-
ert scale, with answer choices of Very Good with a value of 4, Good with a value of 3, 
Quite Good with a value of 2, and Not Good with a value of 1. Next, determine the 
percentage of validation results using the formula 

 	

𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒	(𝑉) =
𝑇𝑜𝑡𝑎𝑙	𝑠𝑐𝑜𝑟𝑒

𝑚𝑎𝑥𝑖𝑚𝑢𝑚	𝑠𝑐𝑜𝑟𝑒 × 100% 

The following criteria are used to analyze the validation results. 

Table 1. Validation criteria 

Criteria (V) Validation levels 
𝑉 ≤ 25% Unfit for use, cannot be utilized 
25% < 𝑉 ≤ 50% Acceptable, suitable for use but requires  minor revisions 
50% < 𝑉 ≤ 75% Feasible, ready for use with some minor adjustments 
75% < 𝑉 ≤ 100% Highly feasible, can be used without revision 

 
The data used to measure the practicality of the teaching module used a non-test 

questionnaire containing statements for teachers and students and arranged on a Likert 
scale with a score of 4 for strongly agree, a score of 3 for agree, a score of 2 for disagree, 
and a score of 1 for strongly disagreement. The teaching module's practicality level is 
measured through the criteria in Table 2. 

Table 2. Practicality criteria 

Criteria (V) Level of practicality 
𝑉 ≤ 25% Very impractical 
25% < 𝑉 ≤ 50% Quite practical 
50% < 𝑉 ≤ 75% Practical 
75% < 𝑉 ≤ 100% Very practical 

For effectiveness, it is analyzed based on students' mathematics learning outcomes. 
The analysis is carried out by comparing learning outcomes between the group that did 
not receive treatment (control group) and the class that received treatment (experi-
mental group). The analysis is carried out from the results of classical completeness 
calculations with the formula 

 Classical	completeness = !"#$%&'&(	*!"+&
,-#.&+	"/	*'-(&,'

× 100% 

The effectiveness criteria for the teaching modules used in learning are reviewed 
based on Table 3. 
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Table 3. Effectiveness criteria 

Criteria level of effectiveness (𝑉) 
𝑉 ≤ 25% Very ineffective 
25% < 𝑉 ≤ 50% Quite effective 
50% < 𝑉 ≤ 75% Effective 
75% < 𝑉 ≤ 100% Very effective 

 
The data collection method used was a questionnaire with a Likert scale to obtain 

data related to validity, practicality, and effectiveness. Effectiveness is known from the 
student learning outcome test. The teaching module's effectiveness is also measured by 
calculating the n-gain score. The n-gain test is carried out by calculating the difference 
between the pretest and posttest. The formula for calculating n-gain is 

𝑛 − 𝑔𝑎𝑖𝑛 =
𝑝𝑜𝑠𝑡𝑡𝑒𝑠𝑡	𝑠𝑐𝑜𝑟𝑒– 𝑝𝑟𝑒𝑡𝑒𝑠𝑡	𝑠𝑐𝑜𝑟𝑒
𝑖𝑑𝑒𝑎𝑙	𝑠𝑐𝑜𝑟𝑒– 𝑝𝑟𝑒𝑡𝑒𝑠𝑡	𝑠𝑐𝑜𝑟𝑒  

The ideal score is the maximum value that can be obtained. The n-gain value cate-
gory can be determined based on the n-gain value in the form of a percentage in Table 
4. 

Table 4. Category interpretation of n-gain effectiveness 

Percentage Interpretation Level 
< 40 Ineffective 
40 - 55 Somewhat effective 
56 - 75 Moderately effective 
> 76 Effective 

 

3 Results and Discussion 

The learning tools developed in this study consist of a TPACK-based teaching module 
for Bivariate Statistics material equipped with student worksheets (LKPD) and test 
questions. The stages in the development are as follows: 

3.1 Define stage 

At this stage of the study, an initial identification was first carried out through a 
preliminary study to obtain information by analyzing the phenomena and obstacles 
faced following the mathematics learning process. This activity was carried out through 
discussions and interviews with mathematics teachers. From the results of the prelimi-
nary study, it was concluded that teachers and students need learning development 
through innovative learning media. Currently, grade XII students' technological capa-
bilities are quite advanced, so thinking about learning designs that utilize technology is 
necessary. This is in line with the results of the research by Legi et al. [9], which found 
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that education has changed in Society 5.0. In civilization 5.0, learning tools must coex-
ist with technology. Digitalization helps learning and teaching. Education can prepare 
people for Society 5.0 and help advance society. Technological progress will continue. 

3.2 Design stage 

In selecting media, the researcher implemented TPACK-based learning using MS 
Excel and Word wall applications. Because the learning material is Bivariate Statistics, 
the MS Excel application is used to present the material, which can help students un-
derstand the completion steps and make it easier to complete their assignments. These 
results are in line with the recommendation that teachers prepare students' continuous 
assessment and exam records using MS Excel and teach them its contents to prepare 
them for its application in teaching, learning, and other personal uses [10,11]. 

3.3 Develop stage 

In this stage, the researcher compiled a teaching module equipped with LKPD and 
test questions with TPACK-based learning. Validation was carried out to obtain a valid, 
practical, and effective teaching module product for learning. It is stated that instru-
ments with indicators must be by the variables to be observed and declared valid and 
reliable before being used for research [12,13]. The teaching module validation test data 
was carried out through expert validator assessments covering the material and presen-
tation of the teaching module. The following are the results of the questionnaire data 
analysis from the validated test. Two material experts carried out the teaching module 
validator. Three aspects of the teaching module assessment are the relevance aspect, 
the accuracy aspect, the learning content aspect, and the learning quality aspect. The 
results of the teaching module validation are given in Figure 2. 

 
Fig. 2. Validation data from TPACK-based teaching modules 

The data from the validation test of the TPACK-based learning module in Figure 2 
shows the total validation value based on the learning quality, learning content, accu-
racy, and relevance aspects. After processing the value data, a percentage of 70.83% 
was obtained, indicating that the validation of the TPACK-based learning module was 
classified as feasible. 

 

 

 

 
Aspects of learning quality 

Learning content aspects 

Accuracy aspect 

Relevance aspect 

2.4  2.5  2.6  2.7  2.8  2.9 3 3.1 
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3.4 Disseminate stage 

Next, in the dissemination stage, a limited trial was conducted. The purpose of this 
stage is to measure the level of practicality and effectiveness of the TPACK-based 
teaching module. The data obtained for the practicality test uses a questionnaire for 
teachers and students. Meanwhile, the effectiveness test is based on student test results. 
The practicality test of the TPACK-based teaching module is carried out by considering 
the following aspects: language, material, and format. The data on the practicality of 
the developed teaching module are given in the following figure. 

 
Fig. 3. Data on the results of the practicality of the TPACK-based teaching module 

The practicality test data of the teaching module with TPACK-based learning was 
obtained based on the analysis of the questionnaire results on the practicality of the 
teaching module by teachers and students. This analysis obtained the practicality value 
with a percentage of 72.37%. It can be concluded that the developed TPACK-based 
teaching module is classified as practical. 

An effectiveness test is a test conducted to measure the level of success of using the 
module in improving student learning outcomes. Therefore, the effectiveness of the 
teaching module in this study is measured by learning outcomes. Differences in learn-
ing outcomes can be seen from the completeness of student learning outcomes. The 
completeness of learning outcomes was obtained from the pretest and posttest assess-
ments, followed by 32 students from class XIIC of SMA Negeri 6 Madiun who had 
carried out learning using the teaching module that had been tested. A normality test 
was carried out on the pretest and posttest value data as an initial step. 

 
Fig. 4. Average pretest and posttest data 

The results obtained through analysis using the SPSS application program from 32 
students were that the average pretest was 8.34 and the average posttest was 9.25. The 
data was not normally distributed, as shown in Figure 5. 
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Fig. 5. Normality test of pretest and posttest means 

The data is not normally distributed since the significance value (Sig. value) < 0.05 
in the Kolmogorov- Smirnova column. Therefore, it is continued with the Mann-Whit-
ney non-parametric statistical test, the results of which are given in Figure 6. 

 
Fig. 6. Mann-Whitney test, average pretest and posttest 

Based on the statistical test output in the Mann-Whitney test, the 2-tailed asymp sig 
value is 0.00. Because it is smaller than 0.05, there is a difference in learning outcomes 
before and after learning with the TPACK-based teaching module. This shows that the 
learning process influences learning outcomes. From the results of the n-gain test with 
SPSS, the n-gain percent result is 56.60. Based on the criteria of the n- gain interpreta-
tion table, it is included in the quite effective category. It can be concluded that the 
TPACK- based teaching module is practical for use in learning. 

4 Conclusion 

Based on the discussion results, it can be concluded that the development of TPACK-
based teaching modules has a level of feasibility, practicality, and effectiveness—
TPACK-based teaching modules used in learning impact student learning activities run-
ning well. Researchers also received good responses from teachers and students that 
using technology in learning creates a conducive atmosphere to help students under-
stand the material. 
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