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Abstract                                                                     

Background/purpose. This study investigated the effectiveness of 
Problem-Based Worksheets (PBWs) in improving conceptual 
understanding of logic gates. PBWs were designed with key 
characteristics that integrate authentic problem-solving, active student 
engagement, and conceptual scaffolding to support critical thinking 
processes. A total of 32 vocational high school (VHS) students in 
Indonesia were involved in the PBWs class.  

Materials/methods. This study employed a quantitative quasi-
experimental one-group pretest-posttest design to examine the effects 
of PBWs on students’ conceptual understanding. The intervention was 
conducted for 90 minutes, and 90 minutes for pre- and post-tests. Data 
were analyzed using stacking and racking within the Rasch model to 
measure changes in students’ understanding and item characteristics. 

Results. The results significantly improved students’ conceptual 
understanding of logic gates after the PBWs intervention. Due to non-
normal data distribution and small sample size (n = 32), Mann–Whitney 
U and Wilcoxon tests were used, both confirming statistically significant 
score increases (p < 0.05). Rasch analysis further supported this 
improvement, with a logit difference of -7.14 between pre- and post-
tests. Racking analysis revealed that item difficulty shifted, particularly 
for items 3, 5, 6, and 8. Despite overall gains, anomalies such as 
guessing, cheating, and carelessness influenced some students' results, 
as detected through response patterns and scalogram analysis. 

Conclusion. This study concluded that PBWs effectively improved 
students’ conceptual understanding of logic gates in pneumatic. PBWs 
offered a more engaging and holistic learning experience. These 
findings highlight the need for consideration of student behaviour 
during testing to ensure accurate interpretation of educational 
outcomes. 
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1. Introduction

Problem-based learning (PBL) is a pedagogical method that fosters complex skills, such as critical 
thinking, teamwork, and creative problem-solving skills (Das et al., 2023; Maidan et al., 2020; Aritia 
& Suyanto, 2019). In vocational education, conceptual understanding is fundamental to mastering 
complex skills. Studies have shown that students' comprehension significantly influences the ability 
to make informed decisions and apply knowledge effectively in practice (Cano et al., 2014; Pascual & 
Goikoetxea, 2014). Therefore, implementing innovative instructional models that improve students’ 
understanding is crucial for fostering learning outcomes. Studies have also emphasized the 
importance of conceptual mastery in vocational education. According to (Shepherd et al., 2022; 
Corlatescu et al., 2023), improving understanding through effective learning models helps students 
make informed decisions.  

Pneumatics has been revealed to be an essential engineering education concept and is widely 
used in different industries (Saravanakumar et al., 2017). A big problem with pneumatic learning is 
understanding logic gates, and when students do not grasp the concept well, they may find it hard to 
design circuit diagrams. The factors that make learning difficult include (1) the absence of hands-on 
skills in utilizing theoretical knowledge for real-world applications (Raja Subramanian et al., 2024), (2) 
traditional learning methods that are not interactive, hence students find it difficult to connect logical 
concepts with pneumatic systems (Yeni et al., 2024), (3) limited interactive learning media, which 
could facilitate the exploration of logic and pneumatics concepts in practical scenarios, and (4) limited 
simulation tools and workstations that replicate industrial conditions more realistically. The main 
challenge in pneumatic learning is the variation in students' cognitive abilities when grasping the 
fundamental concepts of pneumatic systems. Learning logic gates in pneumatics is very important, 
especially for those who are studying automation engineering and system control. However, one big 
issue is that many students do not understand how logic gates work or how they are used in 
pneumatic systems (Dai et al., 2021). Even though evaluating students' understanding of these 
concepts is important, there are limited tests to track their progress. Therefore, teachers cannot 
properly evaluate progress or find out where students need help. 

This study aimed to investigate the effectiveness of PBWs in improving students' conceptual 
understanding of logic gates using stacking and racking analyses in the Rasch model. To achieve this 
objective, the following questions were formulated:  

1. Is there a significant change in students’ conceptual understanding after learning with PBWs? 

2. How does conceptual understanding change through PBWs intervention compared to other 
methods? 

3. In addition to interventions, what other factors contribute to changes in students' conceptual 
understanding? 

This study is important because it helps create better ways for students to learn about logic gates 
using PBWs. Moreover, it examined how PBWs enhanced students' engagement and conceptual 
understanding in learning logic gates. This study also provided teachers with strategies for 
incorporating PBWs into lessons to create a practical learning experience. A review of previous 
studies, methodology, findings, and discussions was conducted, followed by conclusions and 
recommendations. 

2. Literature review

PBL is widely known as a good teaching method in vocational education. Previous studies have 
shown that it helps students think critically, solve problems, and work together, which are essential 
in the modern workforce. According to (Hung & Amida, 2020), PBL is all about learning using 
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structured problem scenarios that stimulate inquiry and knowledge application. Vocational education 
helps students gain practical skills and understand concepts better by working on real-world 
problems (Jaganathan, S., Bhuminathan, S., Ramesh, 2024). However, issues like different cognitive 
abilities and difficulties in conceptual understanding present the need for further investigation into 
optimized learning strategies (Syahmani et al., 2020; Samsudin et al., 2019). 

Understanding concepts is very important in technical education because it helps students use 
theory in real tasks. As stated by Jaganathan, Bhuminathan and Ramesh (2024), a good understanding 
helps students to use knowledge in different situations. In engineering and vocational education, 
inadequate understanding of concepts makes fixing problems and creating good systems difficult. 
Also, knowing key concepts in vocational education helps solve difficult engineering problems 
(Hermundstad et al., 2016).  

In pneumatic systems, understanding logic gates is important for making circuit diagrams and 
following industry rules. However, many students find these concepts hard because they are too 
theoretical and lack hands-on practice (Fries et al., 2021; Hermundstad et al., 2016). Better teaching 
methods should mix theory with practical work to help students learn. Logic gates work based on 
truth tables that show how inputs affect outputs. Furthermore, they are key parts of digital systems, 
helping in computing and automation (Bouchée et al., 2022). Learning helps students understand 
digital technology in electronics and engineering (Çakıroğlu et al., 2022; Yıldırım & Canpolat, 2019). 
Logic gates can also be used in pneumatic systems to control mechanical functions based on logic 
(Rahman et al., 2022). Even though they are important in circuit design, students often have trouble 
understanding them. This study focused on AND, OR, and NOT gates, which use binary inputs to 
create outputs based on logic rules (Küçük-Avcı et al., 2024). As stated in (Marhaeni & Andriyani, 
2023; Lugosi & Uribe, 2022), students struggle with logic gates because they are too abstract. Hence, 
they need more active learning.  

Old teaching methods do not always help, and new ones like PBWs are needed. Table 1 shows 
traditional methods compared to PBWs. 

Table 1. Comparison of Conventional Worksheet and PBWs 

Aspect Conventional Worksheet Problem-Based Worksheets 

Learning 
Approach 

Direct instruction is often 
lecture-based (Küçük-Avcı et 
al., 2024) 

Student-centered, focusing on problem-solving 
and critical thinking (Marhaeni & Andriyani, 2023) 

Students’ 
Engagement 

Lower engagement, passive 
learning (Lugosi & Uribe, 2022) 

Higher engagement and active learning through 
real-world problems (Utami et al., 2022) 

Collaboration Limited opportunities for 
collaboration (Utami et al., 
2022) 

Encourages teamwork and collaboration (Yusop & 
Firdaus, 2022) 

Skill 
Development 

Focus on memorization and 
basic understanding (Lugosi & 
Uribe, 2022) 

Fosters problem-solving, critical thinking, and 
creative thinking skills (Marhaeni & Andriyani, 
2023) 

Instructional 
Design 

Easier to design and 
implement (Utami et al., 2022) 

Requires more time and effort to design and 
implement 

Effectiveness Effective for basic knowledge 
acquisition (Shana & El 
Shareef, 2022) 

More effective for deeper understanding and 
application of knowledge (Sipayung, 2019) 
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Logic gates combined with PBWs offer a dynamic method of teaching and learning about 
pneumatic systems. PBWs present students with real-world scenarios that require the application of 
logic gates to solve engineering problems. Students learn to design and troubleshoot pneumatic 
systems by engaging in practical exercises while incorporating logic gates concepts. Studies have 
shown that hands-on problem-solving experiences in engineering education increase knowledge 
retention and understanding of theoretical concepts. PBWs incorporating logic gates enable the 
application of logical reasoning in a structured educational environment, preparing the students for 
practical challenges in industrial and technical fields.  

PBWs have emerged as an innovative instructional tool that integrates PBL principles into 
structured learning materials, facilitating active learning by guiding students through problem 
identification (J. Lu et al., 2014), data analysis (Hung & Amida, 2020), and solution development 
(Devika et al., 2024). Unlike conventional worksheets, PBWs foster engagement and deep learning 
through systematic, inquiry-based exploration (Yeni et al., 2024). Although several studies have 
shown that PBWs significantly improve conceptual understanding, particularly in STEM education, 
only few focus on PBWs in the context of pneumatic learning, emphasizing the need for further 
empirical validation. 

Understanding concepts demands an integration of theoretical knowledge with practical 
application. When working with logic gates, specifically in the framework of PBWs, students develop 
an understanding of how logical principles control real-world systems. Therefore, applying logic gate 
concepts in pneumatic systems connects abstract logical operations to tangible actions and 
outcomes. Conceptual understanding is specifically crucial in engineering and technology, where 
theoretical principles are often applied to practical situations. For example, mastering the concept of 
logic gates involves understanding their function and their application in controlling systems such as 
pneumatic machines. Strong conceptual understanding also promotes critical thinking, particularly 
when solving complex problems. Although existing literature emphasizes the effectiveness of PBL, 
PBWs, and Rasch analysis in improving conceptual understanding, investigation on their combined 
application in pneumatic learning remains limited. Most previous studies have focused on general 
STEM subjects, with little emphasis on vocational education contexts (Hmelo-Silver & Barrows, 2008). 
Furthermore, the assessment of conceptual understanding in pneumatic systems has not been 
extensively explored, creating a gap this study aims to address. By integrating PBWs with Rasch model 
analysis, the aim was to provide empirical evidence of their effectiveness in improving understanding 
of logic gates in pneumatics. 

Rasch analysis serves as an effective method to objectively and comprehensively measure 
conceptual understanding (S. Lu & Bi, 2016). It is a statistical method for analyzing assessment data 
and accurately evaluating learning outcomes (Abu Bakar et al., 2023). This model provides a detailed 
measurement of students performance by considering both item difficulty and individual ability 
levels. In vocational education, Rasch analysis has been applied to assess students' conceptual 
understanding and identify areas requiring targeted intervention (Boone et al., 2014). Studies have 
shown that it offers a more nuanced evaluation of students’ progress compared to traditional 
assessment methods (Sanusi et al., 2025). Furthermore, the application in pneumatic learning is 
particularly beneficial for diagnosing cognitive strengths and weaknesses, enabling teachers to tailor 
instructional strategies accordingly (Linacre, 1994). Rasch analysis also provides accurate 
assessments of learning and improves instructional decision-making. Based on the description, this 
study aimed to contribute to the existing body of knowledge by examining the impact of PBWs on 
conceptual understanding in pneumatic systems, addressing a critical study gap in vocational 
education. 

https://doi.org/10.22521/edupij.2025.16.243
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3. Methodology

This study used a quantitative design with a quasi-experimental one-group pretest-posttest 
design to examine the effects of PBWs. The experimental process was conducted over three sessions, 
each lasting 90 minutes. Subsequently, pre-test and post-test assessments were administered, with 
each taking 45 minutes. This study involved pre-tests, PBWs implementation, post-tests, and data 
collection on intervention outcomes. Changes in students' understanding and question items were 
subjected to stacking and racking analyses in the Rasch model using Ministep 5.6.4.0 software. As 
standard techniques, racking and stacking were introduced by Benjamin Wright to measure changes 
in students' conceptual understanding and items before and after the intervention (Anselmi et al., 
2015). Students’ understanding was measured to identify those with significant conceptual 
understanding changes in response to the learning intervention. In addition, item analysis was 
conducted to determine items with unique characteristics that were specifically understood 
differently during the intervention.  

3.1. Participants

Participants in this study were selected using a purposive sampling technique and involved 32 
11th-grade VHS students, with a composition of 76.5% male and 23.5% female. Participants were 
selected based on their developmental stage in pneumatic learning and previous experience with the 
PBWs learning environment. 

The inclusion criteria in this study were 11th-grade students who had participated in basic 
pneumatic learning and had learning experience using the PBWs environment. Meanwhile, the 
exclusion criteria included students who did not complete all learning sessions or did not provide 
consent to participate. Of the total 45 students who met the inclusion criteria, 32 were willing to 
participate and complete the entire series of research activities. 

This study was conducted at SMK Cimahi, Indonesia, which was selected because it has advanced 
infrastructure, a supportive educational environment, a collaborative culture, and good accessibility. 
These factors make the school an ideal location to investigate the role of PBWs in logic gate learning. 
Consent to participate was obtained from the students before the study. 

3.2. Instrument

Conceptual understanding was measured using several indicators based on Bloom’s taxonomy, 
specifically focusing on cognitive levels such as understanding, applying, and analyzing. The 
assessment instrument comprised 8 test items. Three professionals with backgrounds in project-
based learning and engineering education have validated the content of the instrument used in this 
study.  Regarding the questions' alignment with the learning objectives and the context of the logic 
gate material, the experts offered their opinions.  Additionally, ten students from courses not 
included in the research sample participated in an early trial (pilot test) to assess the instrument's 
consistency, clarity, and understandability.  The Cronbach's Alpha reliability coefficient showed a high 
degree of dependability, which was used to examine the pilot test findings. Its value was 0.82.  This 
process seeks to guarantee that the tool utilized to measure efficacy is legitimate and trustworthy. 
This procedure aims to ensure that the instruments used are valid and reliable in measuring the 
effectiveness of PBWs. 

3.3. Experiment

The study process was conducted in three stages, namely Pre-test, Implementation, and Post-
test. During pre-test stage, one class of second-year students from School was selected for pre-
testing. A specialized "Test to Measure Students' Conceptual Understanding in Pneumatics" was 
designed and administered. A total of 8 test items were completed, and responses were collected for 
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analysis. In particular, teaching strategies and content were standardized across the groups. The main 
teaching process included: (i) Introducing the problem (understanding the problem, characterizing 
the problem, and exploring possible solutions, (ii) Group investigation (applying strategies), (v) 
Analysis and Evaluation of Problem-solving process (evaluation and validation). During the 
implementation stage, instructional materials were provided, including modules, laptops equipped 
with Fluidsim software, and PBWs. Each experimental group worked through worksheets, integrating 
problem-solving tasks. Subsequently, students designed simulations using Fluidsim and presented 
results to teachers. The final phase of implementation involved a practicum on a pneumatic board, 
which students could conduct only after receiving approval from teachers based on presentation 
results. During the post-test stage, students in the PBWs Class completed the "Test to Measure 
Students' Conceptual Understanding in Pneumatics" to assess the impact of PBWs on learning. Data 
were also collected on students' perceptions of conceptual understanding improvements. A total of 
34 students participated in the post-experiment survey. The pre-test and post-test contained 
identical items, and 90 minutes were given to complete the assessment.  

3.4. Data Analysis

Rasch model is a psychometric tool used in educational assessment to measure latent traits such 
as students' ability and comprehension. Unlike traditional assessment methods that only show 
correct or incorrect answers, the Rasch model evaluates both item difficulty and test-takers ability 
on a general scale, providing a more nuanced perception of students understanding (Engelhard, 
2013). This analysis determines the extent of comprehension by relating responses to item difficulty 
levels (Soeharto & Csapó, 2021). Rasch model, based on probabilistic logic, allows for precise 
measurement by relating students’ ability with the complexity of items on the same scale (Stolt et al., 
2022). When applied to PBWs involving logic gates, this model could effectively assess the ability to 
understand and apply concepts by calibrating responses across varying levels of problem difficulty.  

Rasch model provided several advantages in measuring conceptual understanding. First, it 
produced standardized results, enabling reliable comparisons between different groups or 
populations. Second, the model considered the relationship between students' abilities and item 
characteristics, offering a more comprehensive evaluation. Third, it detected invalid items, improving 
the accuracy of measurement instruments. 

Regarding operationalization, initially in ordinal form, pre-test and post-test data were converted 
into interval data using Rasch Partial Credit Model in WINSTEPS 4.5.5 software (Abu Bakar et al., 
2023). This transformation ensured that both students ability levels and item difficulty were 
measured on a consistent logit scale. Two Rasch analysis methods were used to access changes 
before and after PBWs intervention. Stacking analysis arranged pre-test and post-test data vertically, 
where each item appeared once across experimental and control groups. This allowed for a direct 
comparison of students performance before and after the intervention. Therefore, each student 
received two ability measurements (pre-test and post-test), with each measured once. Meanwhile, 
racking analysis arranged pre-test and post-test data horizontally, meaning each item appeared twice 
in the dataset, with each ability recorded only once. The method helped analyze how the intervention 
affected item difficulty and students' performance, emphasizing shifts in conceptual understanding. 
With the application of "stacking" (measuring changes in students' ability) and "racking" (measuring 
changes in item difficulty), the Rasch model provided a detailed evaluation of students’ conceptual 
understanding and problem-solving development (Boone et al., 2014). 
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4. Results

4.1. The Difference in Students Understanding in Pre-test and Post-test

Based on the findings of the data normalcy test, which indicated that the data distribution did 
not satisfy the assumption of normalcy, the Mann–Whitney U and Wilcoxon tests were used in this 
investigation.  The data were not normally distributed, as shown by the significance value below 0.05 
obtained from the Shapiro-Wilk test applied to the pretest and post-test data.  As a result, we decided 
to employ a non-parametric test that has greater advantages for data with a non-normal distribution. 
Additionally, the comparatively small sample size (n = 32) supports the justification for employing this 
method in data analysis.  

Table 2 shows a pre-test comprised 32 data points with a Mean Rank of 0.56, while the post-test 
had 32 data points with a Mean Rank of 0.70. Post-test scores were significantly higher than pre-test 
scores, confirming an improvement in students’ performance after the intervention. Mann-Whitney 
test results (U = 46,500, p < 0.05) showed a statistically significant difference between both scores. 
Since the p-value was less than 0.05, the null hypothesis (H₀) was rejected, confirming the 
effectiveness of the intervention. Wilcoxon test results (Z = -6.296, p < 0.05) further supported a 
significant difference between the two scores. This confirmed that the intervention significantly 
improved students' conceptual understanding of logic gates. Therefore, the learning process using 
PBWs was more effective than conventional worksheets in improving conceptual understanding. 

Table 2. Mann-Whitney and Wilcoxon tests 

Group Wilcoxon W Z U P 

Pre-test and Post-test 574.500 -6.296 46.500 .000 

4.2. Changes in students' conceptual understanding of logic gates topic

Table 3 shows the analysis of pre-test and post-test differences, further confirming the 
improvement. Mean logit for pre-test was 3.57 (S.E. logit .25), while post-test score was -3.57 (S.E. 
logit .25). The difference between both tests was -7.14, confirming a significant increase in 
conceptual understanding of logic gates after the intervention. 

Table 3. Logit of the mean of pre- and post-test items of experimental groups 

Student Item 
Mean/SE (logit) 

Pre-test Post-test Pre-test and Post-test Difference 

32 8 3.57/.25 -3.57/.25 -7.14 

Description SE = Standard Error 

Figure 1 shows a plotting pre-test and post-test results in pairs, the difference in mean logit score 
between the two (logit -7.14) appeared as an intercept on the horizontal axis, with a plotted slope = 
1. The data points below the curve showed there was no significant change between the first 
measurement (Pf1.txt) and the second (Pf2.txt). Student 15 was positioned below this line, 
confirming little to no change between the two assessments. Students positioned between the two 
curves but close to the identity line experienced some changes, but the differences were not highly 
significant. The majority, except student 15, confirmed the measurement results remained relatively 
stable between Pf1 and Pf2 with minor changes. 

https://doi.org/10.22521/edupij.2025.16.243
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Figure 1. Stacking Plot of Person Measures for Time 1 against Time 2 for the Experimental Group 

4.3. The Changes in Item Difficulty Level 

Table 4 presents racking analysis results, examining changes in item difficulty between pre-test 
and post-test in the experimental group. Mean item difficulty in pre-test was logit 0.56, while post-
test mean was logit 0.70, resulting in mean difference of logit 0.14. The results showed that items 3, 
5, 6, and 8 experienced a significant increase in difficulty, more than the mean difference (logit 0.14). 
Meanwhile, items 1, 2, 4, and 7 showed less change in difficulty than the mean difference. The most 
difficult in the experimental group was item 8 (logit 4.49), while the easiest was item 1 (logit-2.91). 
These showed the variations in item difficulty before and after students were taught using PBWs. 

Table 4. Racking Analysis 

Item Pre-test Post-test 
Difference between Pre-test and 

Post-test 

Item 1 1.01 -1.90 -2.91 

Item 2 -.24 -1.03 -0.79 

Item 3 -1.78 .00 1.78 

Item 4 .45 .38 -0.07 

Item 5 -1.97 -.45 1.52 

Item 6 .20 .72 0.52 

Item 7 2.32 2.28 -0.04 

Item 8 4.49 5.60 1.11 

Mean .56 .70 0.14 

4.4. Conceptual Understanding changes in students’ ability and item difficulty levels

In addition to the effects of learning interventions, three other factors could influence changes 
in students' abilities and the difficulty level of question items: 1) Guessing (i.e., a lucky guess that 
happens to be correct), 2) Cheating, and 3) Carelessness. These factors could be identified through 
students’ response patterns using a scalogram analysis. For instance, student 18 (Table 5) was unable 
to correctly answer items 1 (logit -1.90) and 3 (logit 0.00) but correctly explained a more difficult item 
7 (logit 2.28). This confirmed a lucky guess, as post-test ability level was higher than expected based 
on the difficulty of item 7. Cheating was confirmed in the response patterns of students 24, 30, 10, 
3, and 7. This was initially detected from the identical pre-test and post-test means (logit -1.27 and -

https://doi.org/10.22521/edupij.2025.16.243
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0.40, as well as logit 3.74 and 3.74). The final response pattern showed carelessness. For example, 
students 26, 18, and 20 were considered careless, failing to correctly answer an easier question (item 
3, logit 0.00) but successfully answered the more difficult item 7 (logit 2.28).  

Table 5. Salogram result of several students 

Person 
Item Mean 

Pre-test 
Mean Post-test Pre-post different 

Item Response 
Pattern + 1 2 5 3 4 6 7 8 

26 +1 1 1 0 1 1 1 0 -3.87 2.27 6.14 Careless 

18 
+0 1 1 0 1 1 1 0 -1.27 1.16 

2.43 
Careless, 
Guessing 

20 +1 1 1 0 0 1 1 0 -2.40 1.16 3.56 Careless 

24 +1 1 1 1 1 1 1 0 -1.27 3.74 5.01 

Cheating 30 +1 1 1 1 1 1 1 0 -1.27 3.74 5.01 

10 +1 1 1 1 1 1 1 0 -1.27 3.74 5.01 

3 +1 1 1 1 1 1 1 1 -.40 3.74 4.14 
Cheating 

7 +1 1 1 1 1 1 1 1 -.40 3.74 4.14 

4.5. Negative Change

Negative changes in conceptual comprehension were detected when post-test logits were lower 
than pre-test logits. Student 15's ability declined after the intervention (Table 6). The pre-test and 
post-test had mean logits of 1.26 and 1.16, respectively, with a difference of -0.10.  

Table 6. Scalogram result of student 15 

ID person Test 
Item Response 

Pattern 

Mean 

Item 
Logit 

S.E* 
Logit 

Pre-test and Post-
test difference 

Combined S.E 

15 Pre-test +11101100 1.26 .97 -.10 1.93 

Post-test +11111000 1.16 .96 

5. Discussion

The results showed a change in students' conceptual understanding of logic gates after the 
implementation of PBWs. Based on the difference between the two test means, the post-test group 
experienced a positive change (Ferreira et al., 2013; Sipayung, 2019; Sriatun et al., 2020; Dotimineli 
& Mawardi, 2021; Yerizon et al., 2022; Haruehansawasin & Kiattikomol, 2018). In addition to the 
effect of the intervention, other factors contributed to changes in conceptual understanding. These 
included students’ ability, the difficulty level of test items, and negative influences such as 
carelessness and misconceptions (Kyriakopoulou & Skopeliti, 2024; Lin et al., 2016; Yazbec et al., 
2019). However, not all learning objectives related to logic gates were in accordance with PBWs. 
Negative changes occurred when students were not fully epistemological in the learning process, 
particularly at the observation and analysis stages, where the working principles of logic gates in 
pneumatic systems were examined. These activities, conducted in groups, were essential for concept 
formation based on real-world problems. The use of PBWs was expected to improve students' 
involvement, facilitating the explanation and connection of concepts related to pneumatic logic gates 
based on individual reasoning. According to the validity analysis using Rasch model, the instrument 
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showed strong validity. As stated in (da Silva et al., 2019; Jansen et al., 2024), a valid test item ensures 
that the collected data accurately represents learning outcomes.  

Changes in conceptual understanding were observed in student 15 (Table 8), whose pre-test logit 
was 1.26, but declined to 1.16 in the post-test, confirming a decrease in performance. Similar changes 
were noted in question 8, which had a pre-test logit score of 4.49 and a post-test logit score of 5.6, 
confirming an increase in difficulty. Despite the higher post-test difficulty, students’ scores improved. 
Studies have shown that the distribution of correct answers influences perceptions of test difficulty. 
For example, when easier items are answered correctly more often, logit measure may increase, 
reflecting a higher level of ability. Conversely, when correct answers are more evenly distributed 
across different difficulty levels, logit measure may reflect a different outcome (Tavakol et al., 2024; 
Wallmark et al., 2023). The increase in correct answers for item 8, corresponding to cognitive level 
C4 (applying), did not reduce difficulty evenly. PBWs significantly improved performance on questions 
1- 7, but item 8 remained particularly challenging. Item 8 required students to design circuit diagrams 
based on real-world problems, integrating three logic gates, namely AND, OR, and NOT. Most 
students only implemented two of the three gates, or vice versa. Only 9 out of 32 students were able 
to complete the task successfully after the intervention, compared to none before the intervention. 
However, for the other items, PBWs led to significant improvements. 

Based on analysis, students number 26, 18, 20, 24, 30, 10, 3, and 7 experienced negative changes 
(Table 7), with answer patterns not following the expected hierarchy of question difficulty. Besides 
the impact of the learning intervention, other external factors influenced students' test results, 
including correct guesses, cheating and carelessness. For instance, student 18 could not answer easy 
questions but managed to answer more difficult ones, confirming the influence of a “lucky guess” 
factor. In addition, indications of cheating were identified based on similar patterns among students 
24, 30, 10, and 3, whose pre-test and post-test means remained identical. Carelessness was also 
evident in student 26, who failed to answer easy questions but correctly answered more difficult 
ones. According to Wise (2015) , effortless test-taking behaviours, such as carelessness, can introduce 
systematic negative bias in test scores. Moreover, external conditions, such as the testing 
environment and socioeconomic background, can also affect test performance. A notable example is 
Spain's exclusion from PISA 2018, which was attributed to abnormal student response behaviours, 
emphasizing how environmental factors can lead to unreliable test scores (van Grieken et al., 2024). 
The classroom atmosphere and overall learning environment are crucial in improving students’ 
performance. A positive and conducive learning environment can improve performance, regardless 
of the initial academic foundation (Zhang, 2011). These results further emphasized the superiority of 
Rasch model, particularly the ability to relate pre-test and post-test results, item difficulty, and 
measured content (Planinic et al., 2019; Hope et al., 2024). The results originated from stacking and 
racking analyses, where staking identified students who experienced changes and racking 
determined which items showed higher or lower difficulty changes (Laliyo et al., 2022; Öz et al., 
2024). Although the instrument measurements in this study were not data-rich, the analytical power 
of the Rasch model provided a detailed representation of changes in both ability and item difficulty. 

6. Conclusion

This study successfully developed PBWs to facilitate the teaching of logic gates in the context of 
pneumatic and evaluated their effectiveness in enhancing students’ conceptual understanding. The 
results of the first question demonstrated a notable improvement in students’ understanding, as 
evidenced by increased total test scores and supported by stacking and racking analyses. These 
findings indicate that the PBWs intervention effectively promoted meaningful conceptual change. 
The PBWs approach provided a more holistic and engaging learning experience. By integrating real-
world problem solving and collaborative activities, PBWs surpassed traditional instructional methods, 
fostering deeper understanding and active student participation. However, findings from the Rasch 
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model-based item difficulty analysis revealed complexities in the assessment of conceptual 
understanding. Despite overall performance gains, some test items exhibited increased difficulty 
post-intervention due to the uneven distribution of correct responses, which elevated their logit 
values. This suggests that improvements in total scores may not uniformly reflect gains across all item 
types. Several contributing factors were identified. These included: (1) inconsistent responses from 
high-ability students, especially on low-difficulty items; (2) deviations from the expected item 
difficulty hierarchy in the Rasch model; (3) 22% of low-ability students correctly answering high-
difficulty items, potentially due to guessing or uncontrolled external factors; and (4) observed 
instances of carelessness, cheating, or random guessing during the assessment process. 

7. Suggestion

Future research should explore strategies to address the discrepancies observed in students' 
performance after the intervention. Specifically, investigating methods to minimize inconsistent 
responses among high-ability students and analyzing factors influencing deviations from the 
expected difficulty hierarchy could provide deeper insights. Another important limitation to 
acknowledge is the absence of a delayed post-test to measure students’ retention of conceptual 
understanding after the intervention. Without such data, it is difficult to determine the long-term 
effectiveness of the PBWs approach. Therefore, future research is encouraged to incorporate 
longitudinal assessments to evaluate the sustainability of learning gains over time. 
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