
 

Journal of Current Studies in SDGs 
Homepage : https://journal.i-ros.org/index.php/JOCSIS 
Email : jocsis@i-ros.org  

e-ISSN 3089-7564 
                              Vol.2, No.1, March 2026 

© 2026 Journal of Current Studies in SDGs 

 

 

 

JOCSIS: https://journal.i-ros.org/index.php/JOCSIS       116 - 1 
 

Profile of Students’ Physics Problem-Solving Skills and the 
Implementation of Digital Book-Assisted PBL for SDG 4 

 
Dhea Wanda Irani1*, Elvia Reza Lutfiani1, Siska Agustin Sha Hareni1, Nofri Hidayatin1, Nurul 

Muawiyan1, Binar Kurnia Prahani1, Hanandita Veda Saphira2 
 

1Universitas Negeri Surabaya, Surabaya, Indonesia 
2University ofWollongong, Wollongong, Australia 

 
 

   
DOI : https://doi.org/10.63230/jocsis.2.1.116 

Sections Info  ABSTRACT  

Article history: 
Submitted: December 4, 2025 
Final Revised: April 4, 2026 
Accepted: April 4, 2026 
Published: April 13, 2026 

Objective: This study aims to analyze the profile of students' physics problem-solving 
skills as a basis for applying the digital book-assisted Problem-Based Learning (PBL) 
model to sound wave material at the high school level. This analysis was conducted to 
determine the level of students' problem-solving abilities and to identify differences in 
abilities based on gender as a basis for developing more effective learning strategies. 
Method: This study used a quantitative descriptive approach involving 108 high school 
students as research subjects. The research instruments included a physics problem-
solving skills test, a student response questionnaire, and interviews with physics 
teachers. The test was compiled based on problem-solving skill indicators that included 
understanding the problem, planning the solution, implementing the strategy, and 
evaluating the solution. The data were analyzed using the Rasch model to obtain more 
accurate measurements of student ability levels and question difficulty levels. Results: 
The results showed that students' physics problem-solving skills were generally still in 
the low category. Most students had difficulty understanding problems conceptually, 
determining the appropriate solution strategy, and evaluating the results of the 
solution. Analysis based on gender shows that the abilities of male and female students 
are relatively balanced. However, female students tend to be more thorough in 
descriptive and evaluative aspects, while male students are more prominent in the 
solution planning stage. Novelty: The novelty of this study lies in the analysis of 
students' physics problem-solving skill profiles from a gender perspective using the 
Rasch model as an empirical basis for developing a more interactive and contextual 3D 
digital book-assisted PBL model to improve students' physics problem-solving skills. 
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INTRODUCTION 

Quality education is a key pillar of global sustainable development, as outlined in the United 

Nations Sustainable Development Goals (SDGs), particularly SDG 4, which ensures inclusive 

and equitable quality education and promotes lifelong learning opportunities for all. To 

achieve SDG 4 targets, especially target 4.4, which emphasizes the mastery of skills relevant 

to 21st-century education, there has been a paradigm shift. This shift requires a learning 

process that was originally dominated by the role of the teacher (teacher-centered) to now 

shift to learning that places the student at the center (student-centered) (Muliana et al., 2024).  

This paradigm shift encourages students to master 21st-century skills, which are a set of 

abilities needed for them to participate effectively in education and the world of work in the 

current era (Saphira et al., 2022). Learning and innovation skills are one of the main aspects 

in the development of 21st-century skills (Tika, 2024). These skills are known as the 4Cs, 

which include creative thinking, critical thinking and problem solving, communication, and 

collaboration (Viyanti et al., 2025). 
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One of the important skills that students must have in facing the current era is problem-

solving skills (Sunarti et al., 2025). Problem-solving skills reflect students' ability to analyze 

facts, test assumptions, and formulate appropriate strategies to find solutions to problems 

they face, followed by an evaluation of the chosen solution (Henra et al., 2025). The process 

of developing this ability is usually carried out through several   stages, 

namely   identifying   and   visualizing   the problem. describing problems in terms of physics 

concepts, planning solutions, using solutions, and evaluating the results of problem solving 

(Dwikoranto et al., 2025).  

Although problem-solving skills problem-solving are are one of the important skills in 

21st-century learning. In reality, students' problem-solving skills are still relatively low, 

especially in the context of physics learning (Pristianti & Prahani, 2022). Physics education 

emphasizes the understanding of scientific concepts and their application in everyday life 

(Sari et al., 2023). Indeed, physics education is closely related to everyday life. In addition, 

physics also trains logical, analytical, and critical thinking in solving various problems 

related to everyday life and natural phenomena (Dwiyanti & Perdana, 2024). 

In physics lessons, many materials are abstract and difficult to visualize, making it difficult 

for students to understand the concepts in depth (Pradana & Supahar, 2025). One example 

of such abstract material is sound waves, where the process of wave propagation and 

interaction cannot be observed directly by the human senses, but must be understood 

through models and conceptual representations (Asrizal et al., 2025). The difficulties 

experienced by students in learning about sound waves can be influenced by several factors, 

one of which is the low representational ability of students to construct, interpret, and 

connect various forms of representation in order to understand and communicate concepts 

(Silaban & Jumadi, 2022). 

The low problem-solving skills of these students are due to the fact that physics education 

in schools is generally still teacher-centered, oriented towards procedural problem solving, 

and does not emphasize conceptual understanding and its application in real-life situations 

(Hutasoit, 2021). Many students tend to simply memorize formulas without understanding 

the physical meaning behind them, making it difficult for them to apply these concepts to 

solve contextual problems (Asyhari & Sifa'i, 2021). In addition, the limited availability of 

interactive learning media and the lack of experiments or exploration activities cause 

students to become passive in their learning. 

This is in line with research conducted by Cindikia et al. (2020), which states that students 

are still passive and have low problem-solving skills. Research conducted by Mashurin et al. 

(2021) states that the problem-solving abilities of high school students are still low and there 

are limitations in practical tools. Research by Meisaroh et al. (2020), Musengimana et al. 

(2025), and Kinasih et al. (2023) also confirms that students' problem-solving skills are still 

relatively low. These conditions indicate that efforts to improve problem-solving skills in 

physics learning cannot be done using conventional methods, but rather require innovation 

so that the learning process becomes more active, contextual, enjoyable, and not monotonous 

(Satipa et al., 2024). 
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One effective learning model for this purpose is the Problem-Based Learning (PBL) model, 

which is a learning approach that encourages active student involvement in identifying, 

analyzing, and solving problems scientifically (Haris and Mahir, 2025). PBL is a model that 

promotes deep and analytical learning in line with SDG 4's demand for high-quality and 

relevant education. According to Annisa and Haryadi (2023), the model Problem-Based 

Learning (PBL) can improve students' problem-solving skills. This problem-based learning 

model, or Problem-Based Learning (PBL) model, has several advantages, one of which is 

encouraging increased student participation in learning activities at school, especially in 

physics lessons (Ghofur et al., 2023). Basically, this model places students at the center of the 

learning process, or in other words, it is student-centered, so that students are not only 

recipients of information, but also play an active role in discovering, analyzing, and solving 

problems that arise within themselves, while teachers act as guides in the process (Alvarez 

et al., 2025). 

The paradigm shifts in the 21st century has not only occurred in the field of education, but 

in all aspects of life. One area that has also experienced rapid development is technology. 

With this technological development, the learning process also needs to adapt through the 

use of technology as an integral part of learning activities (Zakaria et al., 2023). The 

integration of technology in learning can create a more interesting and interactive learning 

atmosphere, thereby increasing students' interest, curiosity, learning outcomes, and 

motivation to learn (Prahani et al., 2022). 

Research conducted by Neswary and Prahani (2022), as well as Andani et al. (2022) 

confirms that the use of 3D digital books is very effective in physics learning because it can 

help students solve various problems in physics. Digital books are one of the learning media 

that teachers can use to support the teaching process in the classroom (Prahani et al., 2022). 

By using these digital books, problem-solving skills can be continuously trained to meet the 

demands of 21st-century skills. In addition, 3D digital books have advantages in terms of 

efficiency and flexibility, as they can be accessed anytime and anywhere via mobile devices, 

which is in line with SDG 4 (Septikasari et al., 2021). 

To address the issue of low problem-solving skills that could potentially hinder the 

achievement of SDG 4.4 target and as a basis for more equitable and effective learning 

innovation, further studies are needed to understand the problems, factors, and conditions 

of students in carrying out learning. Therefore, a preliminary study is needed with the aim 

of analyzing the conditions of physics learning and differences in problem-solving skills 

based on gender as a basis for more equitable and effective learning innovation. Based on the 

previous description, this study aims to: 

1. What are the current conditions of physics learning among high school students? 

2. How do students' physics problem-solving skills differ based on gender? 

3. How are the physics problem-solving skills of high school students on the subject of sound 

waves as a basis for applying the Problem-Based Learning (PBL) model assisted by 3D 

digital books? 
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RESEARCH METHOD 

Research design 

This study uses quantitative descriptive research based on collected data. The quantitative 
approach serves to test a sample that produces data in the form of numbers and is then 
analyzed using WinStep programming and statistical techniques. Figure 1 shows the 
research flowchart adapted from the study (Kinasih et al., 2023). 

 

 
Figure 1. Research methods 

 

Sample and data collection 

The subjects of this study were 108 high school students in the 2025/2026 academic year, 
consisting of 3 classes with a total of 65 female students and 43 male students. Data collection 
in this study was obtained from primary and secondary data. Primary data was obtained 
through direct observation by the researcher. Overall, the data used in this study was sourced 
from tests, interviews, and questionnaires given to students. Meanwhile, secondary data was 
obtained from the analysis of previous relevant studies and was used to reinforce the primary 
data (Rachmawati et al., 2022). 
 
Measurement instruments 

The research instruments used included problem-solving skill tests, student response 
questionnaires, and interviews with physics teachers. The problem-solving skill test 
consisted of five essay questions based on problem-solving skill indicators. Each question 
measured five problem-solving skill indicators (Lestari I, 2023). Each question is worth 20 
points, with a maximum score of 100 points. Students are given approximately 45 minutes to 
complete the questions. The questions have been validated by three undergraduate physics 
education students who have graduated and are deemed suitable for use in research.  

After the students completed the test, a student response questionnaire was distributed in 
the form of a Google form to find out their responses to physics learning. The student 
response questionnaire contains 10 statements that must be answered on a 4-point scale (4= 
strongly agree, 3= agree, 2= disagree, and 1= strongly disagree). The questionnaire covers 
three main aspects, namely physics learning, problem-solving skills, and digital book media.  
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In the next stage, interviews were conducted with physics teachers to obtain more in-
depth information about the learning process in the classroom, such as the use of digital 
books as learning media and the extent to which students were trained in problem-solving 
skills. These interviews aimed to align the answers between teachers and students. 

 
Table 1. Indicators of problem-solving skills by question type (Basse, 2025) 

No Indicator Information Number of Questions 

1 Visualize the 
problem 

Identify important information from the 
question and describe the problem situation 
in the form of a sketch or diagram. 

1, 2, 3, 4, and 5 

2 Physics 
description 

Describe everything that is known and asked 
in the question. 

3 Plan a solution Systematically develop steps for solving 
problems based on relevant physics concepts. 

4 Execute the plan Performing calculations by substituting 
known values into mathematical equations. 

5 Check and 
evaluate 

Review the results obtained and draw 
conclusions based on the analysis and physics 
concepts used. 

 

Data analysis 

In this study, the instruments were analyzed using Rasch modeling with the help of WinStep 
software. This modeling was chosen because it is a probabilistic model that assumes that the 
probability of a person answering an item correctly is not only determined by the 
characteristics of the item, but is also influenced by the individual's ability to answer the 
question (Nisa et al., 2024). In other words, students with high abilities have a greater chance 
of answering correctly than students with low abilities. 

This analysis was conducted with the aim of obtaining a valid and reliable instrument for 
measuring problem-solving abilities (Simamora et al., 2022). Rasch modeling has a number 
of advantages, namely: 1) it can produce a linear scale with equal intervals, 2) it can estimate 
or predict missing data, 3) it provides more accurate parameter estimates, 4) it has the ability 
to detect discrepancies between data and models, and 5) it produces consistent and replicable 
measurements (Simamora et al., 2022). The clustering of the data to be analyzed is shown in 
Figure 2. 

 
Figure 2. Analyzing collected data scheme 

 

 

 



Profile of Students’ Physics Problem-Solving Skills and the Implementation of Digital Book-Assisted PBL for SDG 4 
 

 

JOCSIS: https://journal.i-ros.org/index.php/JOCSIS       116 - 6 
 

Table 2. Unidimensionality criteria (Ahmad et al., 2025) 

Percentage Value of Raw Variance 
Explained by “Observed” Measures 

Criteria 

>60% Very good 
40%-60% Good 
20%-40% Fair 
≥20% Minimum 
<20% Poor 
<15% Unexpected variation 

 

The instrument is declared to meet the assumption of unidimensionality if the raw 

variance explained by measures is more than 40%, which indicates that most of the data 

variation can be explained by the measured construct. In addition, the analysis was also 

conducted by looking at the unexplained variance value through Principal Component 

Analysis (PCA) of Residuals. This analysis aims to ensure that there are no other dimensions 

that significantly affect the measurement results. The criteria for interpreting the unexplained 

variance value are shown in Table 3. 

 

Table 3. Criteria for unexplained variance (Ahmad et al., 2025) 

Variasi Unexplained pada 1st -5th 
Residucal PCA 

Criteria 

<3% Very good 
3%-5% Good   
5%-10% Fair  
10%-15% Minimum  

>15% Poor  

 

RESULTS AND DISCUSSION 

Results 

 
Figure 3. Unidimensionality 
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Figure 4. Item fit statistic based on rasch model analysis 

 

Table 4. Item DIF data 

Indicator 
Person  

Indicator 

Person 
Female Male Female Male 

I11 -0.67 -0.39 I34 -0.24 -0.33 
I12 -0.91 -0.33 I35 0.1 0.47 
I13 -0.31 -0.02 I41 0.34 -0.13 
I14 -2.02 -1.42 I42 0.49 0.1 
I15 -2.11 -1.06 I43 1.1 1.85 
I21 -0.49 -0.49 I44 0.4 0.3 
I22 -0.49 -0.44 I45 0.34 0.58 
I23 0.15 -0.02 I51 0.56 0.72 
I24 -0.23 -0.49 I52 2.59 0.58 
I25 -0.39 -0.64 I53 0.58 1.1 
I31 -0.14 -0.02 I54 1.1 0.1 
I32 0.28 0.23 

I55 0.9 0.3 
I33 0.65 0.47 
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Figure 5. DIF score comparison in 5 problem-solving skills indicator items 

 

 
Figure 6. Graph of the value category and the quantity of students 

 

 
Figure 7. Graph of the average of students on each indicator of problem-solving skills 

 

Table 5. The result of the written test of physics problem-solving skills by students 

Indicator of Physics 
Problem-Solving 

Skills 

Result of the Written Test of Physics Problem-Solving Skills by 
Students 

Visualize the problem 

 
 
 

Based on the results 
of the written test of 
problem-solving skills 
in physics, 
it was found that in 
the visualize the 
problem indicator, 
students were able to 
draw diagrams 
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Indicator of Physics 
Problem-Solving 

Skills 

Result of the Written Test of Physics Problem-Solving Skills by 
Students 

 
 
 

correctly. However, 
they were still lacking 
in providing 
information such as 
the direction of wave 
propagation, 
wavelength, source 
sound, and listener 

Physics description 

 

In the physics 
indicator description, 
most students are 
accustomed to writing 
down the known, 
unknown, and 
answer parts, but 
some still forget to 
write down one of the 
parts or are 
incomplete in 
including the 
information obtained. 

Plan a solution 

 

Indicator plan a 
solution 
shows the lowest 
results, most students 
have not written 
down the formula or 
concept used and 
directly entered the 
variable values into 
the equation. 
 

Execute the plan 

 

To execute the plan, 
some students have 
completely written 
down the calculation 
steps. However, there 
are also those who are 
still lacking or skip 
certain steps certain 
steps. 

Check and evaluate  

 

Meanwhile, on the 
indicator 
check and evaluate, 
the majority of 
students were able to 
draw conclusions 
based on their 
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Indicator of Physics 
Problem-Solving 

Skills 

Result of the Written Test of Physics Problem-Solving Skills by 
Students 

calculations and write 
them down correctly. 
 

 

Table 6. Student questionnaire results 

Indicator Statements 
Answers 

STS TS S SS 

Learning 
Physics 

I feel able to understand physics 
material that is associated with daily 
life. 

1.9% 
(2) 

17.6% 
(19) 

57.4% 
(62) 

23.1% 
(25) 

Learning physics related to daily life 
encourages me to find solutions as a 
problem-solving solution to 
problems in the physics material 
presented.    

0.9% 
(1) 

19.4% 
(21) 

53.7% 
(58) 

25.9% 
(28) 

Learning physics that is associated 
with daily life makes me motivated 
in studying physics material.   

 
 

1.9% 
(2) 

12.0% 
(13) 

61.1% 
(66) 

25.0% 
(27) 

Average 
 
 

2% 16% 57% 25% 

Problem-
solving skills 

I feel able to visualize problems by 
drawing, diagramming, or graphing 
a problem in physics.     

14.8% 
(16) 

54.6% 
(59) 

24.1% 
(26) 

6.5% 
(7) 

I feel able to describe a problem by 
writing down the known and asked 
variables of a problem in physics.    

31.5% 
(34) 

55.6% 
(60) 

11.1% 
(12) 

1.9% 
(2) 

I feel that I am able to plan a solution 
by determining equations and 
systematically arranging steps to 
solve a problem in physics.    

58.3% 
(63) 

23.1% 
(25) 

16.7% 
(18) 

1.9% 
(2) 

I feel able to use solutions by 
substituting, calculating, and solving 
the physics equations of a problem in 
physics material.    

55.6% 
(60) 

25.0% 
(27) 

16.7% 
(18) 

2.8% 
(3) 

I feel able to evaluate the solution by 
examining the final result and giving 
a conclusion from a problem in 
physics.    

57.4% 
(62) 

20.4% 
(22) 

19.4% 
(21) 

2.8% 
(3) 

Average 44% 36% 18% 3% 

E-book 

Learning with digital book teaching 
media increased my interest and 
motivation in learning physics 
material.    

0.9% 
(1) 

14.8% 
(16) 

56.5% 
(61) 

27.8% 
(30) 



Profile of Students’ Physics Problem-Solving Skills and the Implementation of Digital Book-Assisted PBL for SDG 4 
 

 

JOCSIS: https://journal.i-ros.org/index.php/JOCSIS       116 - 11 
 

Indicator Statements 
Answers 

STS TS S SS 
Learning with digital book teaching 
media helps me visualize abstract 
physics concepts.    

0.9% 
(1) 

15.7% 
(17) 

63.0% 
(68) 

20.4% 
(22) 

Average 1% 15% 60% 24% 

 

Discussion  

Validity and reliability of questions instruments based on student test result 

Validity and reliability of questions instruments based on student test results to determine 
the validity and reliability of the problem-solving skills instrument, an analysis was 
conducted using the Rasch model with the help of Winstep software (Ikhsan, 2023). Rasch 
analysis was used because it provides a more objective picture of the quality of the items, 
including the extent to which each item can measure students' abilities consistently and in 
accordance with the expected measurement model. In addition, this approach also allows 
researchers to identify the unidimensionality of the instrument, namely the extent to which 
all items measure the same construct of ability, namely problem-solving skills (Ridwan et al., 
2023). Figure 3 represents the testing of five instruments on 108 grade XI MIPA students 
using modern item response theory (IRT) through the Rasch model, which was analyzed 
using the Winstep program. The unidimensionality of the instrument can be seen from the 
quantitative analysis using output table 23 in the Winstep program. 

In order for an instrument to be analyzed accurately, it must meet the unidimensionality 
requirement, which means that all items measure a single construct. Unidimensionality 
requires the existence of a common factor that explains the correlation between items. If the 
data shows evidence of multiple dimensions, as indicated by high residual eigen values, then 
the key assumption of a one-factor model such as the Rasch model has been violated. This 
violation will undermine the validity of the test and cause estimates of student ability or item 
difficulty to be inaccurate and unreliable (Isnaini et al., 2025).  

Based on the results in Figure 3, unidimensionality is seen in the raw explained by measure 
located in the observed column, with a result of 51.6%. In addition, there is a second criterion 
that unexplained variance in the1stcontrast in the eigenvalue value is not greater than 2.0 
because the existence of an eigen value above 2 can be interpreted as evidence of 
multidimensionality in the test structure. In Figure 2, the unexplained variance in the1st to 
5th contrasts are, respectively, 4.3579, 2.9032, 2.3840, 1.8959, and 1.7021. For the unexplained 
variance in the1stand2ndcontrast eigenvalues is 4.3579 and 2.9032, which exceeds the 
unidimensionality criterion, in other words, multidimensionality. This indicates a small 
possibility of other subdimensions in the instrument (for example, differences in problem-
solving skills). However, because the proportion of variance explained (51.6%) is well above 
the 20% threshold, the instrument can still be considered unidimensional in general. 
Nevertheless, since most of the variance (around 66.8%) is explained by the main model, it 
can be concluded that this problem-solving skills test instrument is sufficiently 
unidimensional and suitable for further analysis. 

Problem-solving skills are a latent construct, meaning that this ability cannot be measured 
directly, but is estimated through students' answers to test items (Isnaini et al., 2025). 
Therefore, to ensure that each item in the instrument is truly capable of measuring problem-
solving skills in a valid and consistent manner, this analysis was conducted with reference 
to three main parameters, namely Outfit Mean Square (MNSQ) and Outfit Z-Standard 
(ZSTD), and Point-Measure Correlation (Pt-Measure Corr). The MNSQ and ZSTD value 
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requirements are as follows: a) 0.5< MNSQ outfit value < 2.0; b) -0.2< ZSTD outfit value 
<+2.0; and c) 0.32 < outfit Pt Mean Corr 0.8 logit (Simamora et al., 2022). 

Based on the results of the Rasch model analysis, the item separation value of 3.76 with a 
reliability of 0.93 indicates that the items have excellent and consistent separation 
capabilities. Meanwhile, the person separation of 1.61 with a reliability of 0.72 indicates that 
there is sufficient variation in the abilities of the students. The average outfit MNSQ value of 
0.86 is within the ideal range (0.5-1.5), so that in general the items are categorized as fitting 
the Rasch model. The ZSTD Outfit value with an average of -0.17 is still within acceptable 
limits (-2.0 to +2.0), indicating no significant deviation from the model. However, some 
numbers, 2.3 and 9, show MNSQ values above the ideal limit and therefore need to be 
revised. The Pt Measure Corr values range from 0.15 to 0.73, with most items meeting the 
eligibility criteria (0.32 to 0.80). This indicates that most of the items are able to differentiate 
students based on their problem-solving abilities. Overall, this instrument is considered valid 
and reliable for measuring problem-solving skills. 

 
Problem-solving skills of students by gender 
Based on Figure 5, it can be seen that in general, the problem-solving abilities of female and 
male students are relatively balanced. Most of the DIF values are around zero, which 
indicates that the items are fair and do not show gender bias. These findings indicate that the 
test instrument is able to measure problem-solving abilities objectively in both groups of 
students. However, there are several items that show a significant difference in DIF values, 
namely I15 (indicator check and evaluate in question number 1) and I52 (indicator physics 
description in question number 5), which tend to be higher for female students, making these 
two items easier for the female group and relatively difficult for males. According to Hidayah 
et al. (2024), females tend to show more intense and emotional responses than males. They 
tend to take more complete and detailed notes, and females also have higher accuracy and 
precision. This is related to the physics description indicator and the check and evaluate 
indicator, which require students to describe what is known and what is asked in the 
question and to review the results obtained and conclude the final results based on the 
analysis and physics concepts used. Thus, the accuracy and precision possessed by female 
students can support their performance on these two indicators. 

Meanwhile, in item I43 (plan a solution indicator in question number 4), the DIF value is 
higher for male students, which means that the question is easier for males and more 
challenging for females. According to Simatupang et al. (2020), males tend to focus on 
intellectual, abstract, and objective matters. This is in line with the indicator plan a solution, 
which requires students to systematically develop steps to solve problems based on relevant 
physics concepts. Thus, the more prominent logical and structured thinking skills of male 
students can support the process of planning solutions in solving physics problems. 

This difference is likely due to the context and style of the questions. Questions that require 
verbal analysis or descriptive reasoning tend to be easier for women to solve, while questions 
involving visual and technical aspects are easier for men to understand. This is in line with 
research conducted by Davita & Pujiastuti (2020), which states that differences in thinking 
patterns between men and women are influenced by differences in brain structure and 
hormonal factors. These structural differences are reflected in the way each individual 
performs an activity. 
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The result of student's test 
Based on the results of the problem-solving skills test, the categories of student scores are 
shown in Figure 4. The graph shows that most students, both female and male, are in the low 
category with scores ≤40. The number of female students in the low category reached around 
60, while there were 37 male students. Only a small number of students are in the medium 
category (41< score ≤ 70), namely 5 female and 6 male students, while no students reached 
the high category (10< score ≤ 100) (Qotrunnada & Prahani, 2022). 

The average problem-solving skills based on five main indicators can be seen in Figure 5. 
The indicator "execute the plan" received a high score of 1.16, followed by "check and 
evaluate" with a score of 1.08. This shows that most students are quite capable of 
implementing the steps to solve problems and checking their work. However, the indicator 
"plan a solution" received a low score of 0.34, which means that students still have difficulty 
in systematically designing problem-solving strategies and selecting the appropriate physics 
formulas or concepts. 

Meanwhile, the indicators for visualizing the problem (0.77) and describing physics (0.73) 
were in the moderate category. This indicates that students were quite capable of understand 
the problem and describe the general physics situation, but are still not optimal in identifying 
important variables and the relationships between concepts. 

Based on the results of the student response questionnaire in Table 5, it can be seen that 
the physics learning indicators related to everyday life show a very positive trend. This is 
evident in the average percentage of students who agreed and strongly agreed, which was 
57% and 25%, respectively. This means that most students feel that contextual physics 
learning can improve their understanding and motivation in learning. 

For the problem-solving skills indicator, the results show greater variation. The average 
for strongly disagree and disagree responses reached 44% and 36%. This indicates that most 
students still find it difficult to develop physics problem-solving skills, such as describing, 
describing variables, planning, solving equations, and evaluating. Thus, even though 
students understand physics concepts contextually, their application in the form of problem 
solving remains a challenge. 

Meanwhile, for the digital book media indicator, the results show a positive response with 
an average of 60% of students agreeing and 24% strongly agreeing. This shows that the use 
of digital book media in physics learning is considered effective in increasing interest and 
motivation, as well as helping students visualize abstract physics concepts (Anggaryani, 
2022). 

 
Results of interviews with physics teachers 
Based on interviews with high school physics teachers, it was found that the physics learning 
process has implemented the Problem Based Learning (PBL) model, with routine activities 
beginning with open-ended questions. However, teachers said that most students still tend 
to memorize formulas without understanding the application of physics concepts in 
everyday life, so their conceptual understanding still needs to be improved. In terms of 
problem-solving skills, teachers use test instruments and provide argumentative essay 
questions and projects that require higher-order thinking skills. Teachers act as facilitators 
who guide the students' investigation process as needed in order to train students' 
independence and problem-solving skills. 

Regarding digital books, teachers consider e-books to be effective in helping students 
understand abstract concepts because they contain interactive elements and can be accessed 
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at any time. However, the obstacles faced are limited devices and uneven internet coverage. 
To ensure the quality of learning, teachers choose e-books that are relevant to the learning 
objectives and encourage students' problem-solving skills. This is in line with research 
conducted by Kholiq (2020), which explains that digital books can help students visualize 
abstract physics concepts and increase their motivation and independence in learning. 
Research conducted by Kinasih et al. (2023) shows that students' physics problem-solving 
skills are still low and physics learning tends to be teacher-centered with suboptimal use of 
digital media. However, this study did not analyze differences in problem-solving skills 
based on gender using the Rasch model, so it did not provide a comprehensive picture of the 
variations in abilities among students. Based on this, this study attempts to fill this gap by 
analyzing students' physics problem-solving skills based on gender using the Rasch model 
as the basis for developing a 3D digital book-assisted Problem-Based Learning (PBL) model 
on sound wave material. 
 

CONCLUSION 

Fundamental Finding: Based on the study's findings, it can be concluded that the physics 
problem-solving skills of high school students generally remain in the low category. This 
condition is primarily attributed to current physics learning practices that are still teacher-
centered and oriented toward procedural problem-solving, with the implementation of the 
Problem-Based Learning (PBL) model and the use of digital books being limited only to 
introductory phases. Analysis reviewed from a gender perspective shows that the overall 
abilities of male and female students are relatively balanced, though females excel in 
descriptive and evaluative aspects, while males are stronger in solution planning. 
Implication: Consequently, the findings underscore the urgent need for a pedagogical shift 
towards student-centered strategies to meet the global mandate for Quality Education (SDG 
4), particularly Target 4.4 concerning relevant skills acquisition. The Problem-Based Learning 
(PBL) model assisted by 3D digital books is found to have significant potential as an empirical 
basis for developing learning strategies that are more interactive and contextual, thereby 
improving students' essential physics problem-solving skills. Limitation: However, this 
study is limited by the imbalance in the number of male and female samples and the scope 
being restricted to profile analysis without direct application of the model. Future Research: 
Therefore, further research is strongly recommended to conduct a test of effectiveness 
(experimental design) of the proposed PBL model assisted by digital books on physics topics, 
utilizing a balanced and representative sample. 
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