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Introduction: -

The Algorithm and Programming course is one of the fundamental subjects that plays a crucial role in the
information technology curriculum (Fitri et al., 2025; H. C. B. Chan et al., 2024; Manorat et al., 2025; Z. Wu &
Wan, 2025; Yuricha& Phan, 2023). At the initial stage, students are introduced to the concept of looping or iteration,
which serves as a foundation in computer programming. (Izul et al., 2024). However, looping material is often
considered difficult by 66.7% of students out of 15 Information Technology Education students interviewed, as it
involves abstract logic, repetitive instructions, and dynamic variable interactions during the program execution
process. This causes some students to merely memorize the syntax without truly understanding how the looping
flow works within the code (Permatasari et al., 2018; Syafiq &Sembiring, 2025).

The difficulty in understanding the concept of looping affects students’ problem-solving abilities, resulting in lower
performance (Cong & Ironsi, 2025; Pankiewicz & Baker, 2026; L. Wu et al., 2025; Xu et al., 2026). When solving
simple problems such as finding the result of adding a series of numbers, students often make logical errors due to a
lack of understanding of the iteration flow. Conventional teaching methods that rely solely on verbal explanations
and code examples on the board or presentation slides are insufficient to help students build a clear mental
representation of how the program runs. (Afandi, 2021; Hartono & Dermawan, 2021). As a result, learning becomes
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less effective, and students’ understanding of looping concepts remains suboptimal. To address this issue, innovative
learning media are needed to bridge the gap between theory and practice. One potential solution is the development
of a Code Visualization Tool that can visualize the code execution process step by step. Through this visualization,
students are expected to see how the looping flow operates and how instructions are repeatedly executed. Thus, the
abstract concept of looping can be presented in a concrete and interactive manner, making it easier to understand.

Several previous studies have shown that program visualization can enhance the understanding of fundamental
programming concepts, especially for beginners. (Cisar et al., 2011; Lin et al., 2025; Maula et al., 2024; Monalisa et
al., 2025; Parikesit& Amrullah, 2025; Schoenherr et al., 2024). Tools such as Python Tutor or algorithm animation
have been widely used to help students trace program flow (Guo, 2013; Hundhausen & Brown, 2008;
Mshvidobadze, 2021). However, most of these tools are still general in nature and do not specifically focus on
looping material. In addition, student interactivity in setting inputs, modifying conditions, or stopping execution at
certain points remains limited. Therefore, it is necessary to develop a more contextual, dynamic, and learning-
oriented visualization tailored to the needs of looping instruction.

Based on the above explanation, this study aims to develop a Code Visualization Tool specifically designed to
enhance students’ learning outcomes on the looping concept. This tool is expected not only to display the code
execution flow but also to provide flexibility for students to conduct independent exploration, such as changing the
initial variable values or looping conditions, thereby making the learning experience more active and in-depth. With
this innovation, it is expected that the programming learning process will become more effective, engaging, and
capable of improving students’ learning outcomes, particularly in for and while loop commands.

Materials and Methods: -

Research Design

This study employed a Research and Development (R&D) method aimed at producing a web-based interactive
learning media called Visual Code Tools to enhance students’ learning outcomes on for and while looping concepts
in programming. The development process followed the ADDIE model, which consists of five stages: Analysis,
Design, Development, Implementation, and Evaluation (Branch, 2009).

The analysis stage aimed to identify the learning needs related to programming loop materials. A needs analysis was
conducted by distributing questionnaires to students of the Fundamentals of Programming course. The questionnaire
included aspects such as students’ perceptions of programming learning and interaction toward visual code. Students
often encounter difficulties in understanding the logical flow of looping structures such as for and while. These
concepts, while fundamental in programming, can be abstract and challenging to grasp without concrete
visualization.

The design stage focused on creating a visualization of looping flow. The steps in this stage included: 1) The
learning material focuses on looping statements (for, while, break, continue). 2) Writing simple code in the editor. 3)
Running a step-by-step visualization (Next/Run). 4) Observing variable. In the User Interface/ User experience
(UI/UX) Design need the main components of the HTML version are: 1) Editor Area — a <textarea> element for
writing pseudo-code. 2) Control Buttons — Next, Run, Pause, and Reset for controlling the simulation. 3) Output
Console — displays the results of PRINT statements and execution logs.4) Source Viewer — highlights the active line
using the .highlight class.

During the development stage, the visual code tools prototype was developed based on Designed as a single file in
.html file tool that can run directly in a browser without installation or a server. Detects lines such as FOR, WHILE,
END, PRINT, BREAK, CONTINUE, and assignments. Execute instructions step by step. Stores variable values and
loop states in the program’s internal state.

The product underwent validation by subject-matter experts and programming experts to evaluate content accuracy,
design consistency, and interactivity. Expert feedback was used to refine the product. A small-scale trial was then
conducted with a group of students to assess usability, clarity, and attractiveness. The results of this trial were
analyzed and used to improve the product before conducting a large-scale implementation.

The implementation stage involved a field test with a group of students in class which major is Information
Technology Education, especially in Universitas Muhammadiyah Tasikmalaya. The students who can participate are
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the ones that already contract the subject containing Programming language material. This phase included a pretest
and post-test to measure students’ learning improvement after using the visual code tools. The pretest measured
students’ initial understanding, while the post-test assessed learning outcomes after the intervention. The test results
were analyzed using N-Gain score analysis to determine the effectiveness of the developed media in improving
students’ learning outcomes.

The evaluation stage aimed to revise and improve the visual code tools based on the weaknesses identified during
the implementation stage. The final version of the product was refined and declared suitable for use as an interactive
learning medium that can be implemented in programming courses.

Research Subjects and Objects

The population of this study consisted of all students enrolled in the Fundamentals of Programming course within
the Information Technology Education program in Universitas Muhammadiyah Tasikmalaya. Sampling was
conducted using the stratified random sampling technique to represent different levels of student ability. In the
effectiveness testing phase, a simple random sampling technique was applied to minimize data bias. A total of 20
students were selected as respondents for the product effectiveness test.

Data collection technique

The data were collected through observation, questionnaires, and documentation. Observations were conducted to
examine the initial learning conditions and identify difficulties in understanding the looping materials.
Questionnaires were used to gather data from material, programming experts and students regarding the validity and
usability of the product. The feasibility of the product was assessed using a Likert scale, and the quantitative data
obtained were interpreted qualitatively to support product revision and refinement.

Data Analysis Techniques Data Analysis Techniques

Data analysis aimed to determine the effectiveness of the visual code tools in improving students’ learning outcomes
on for and while looping topics. The research employed a one-group pretest—post-test design. Instruments used
included learning achievement tests and student perception questionnaires. The learning outcome data were analysed
using N-Gain score analysis. The results were then interpreted to evaluate the effectiveness of the developed media
in enhancing students’ understanding and performance in programming.

PostTest Score—PreTest Score

N - Gain = -
maximum sr:or'e—pretest score

Results and Discussion: -

Results

Many students struggle to mentally trace how each line of code is executed, how variable values change during each
iteration, and at what point the loop stops or repeats. As a result, they frequently experience confusion when
predicting program behaviour, identifying termination conditions, or debugging looping errors. This highlights the
need for a visual learning tool that can represent loop execution step by step, allowing students to observe how
control flow and variable states evolve throughout the looping process. In this study, the looping problem used is to
calculate sum of numbers from 1 to 5 as shown in figure 1.

LET i = 1
LET sum = @ LET s = g
) FOR1i=1T05

WHILE i <= 5

BUm = Sam + 1 j = 5 I i

i=3i+1
s END

PRINT

FRINT sum

Figure 1. Pseudocode uses for and while loops to sum numbers from 1 to 5.
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The display of this visual code tool as in figure 2 presents an interactive learning tool designed to help students
understand the fundamental concepts of looping in programming, particularly the “for” and “while” structures. The
main section contains an editor area where users can write or modify pseudo-code to be visualized. Below the editor
are control buttons such Next, Run, Pause, and Reset which allow users to interactively manage the simulation
process. Each time the Next button is pressed, the currently executed line of code is highlighted, enabling users to
observe the program’s execution flow in real time. This offers a learning experience like debugging, allowing
students to see when loop conditions are tested, when variables change, and when the loop terminates.

At the bottom of the interface, there are two main panels: the Output Console and the Source Viewer. The Output
Console displays the results of PRINT commands and logs the step-by-step execution activities, while the Source
Viewer shows the complete code with the active line highlighted for easy tracking of the program’s logic. Through
this visualization, students can clearly observe how variables such as i and sum change during each iteration and
when the loop stops according to the specified condition. Thus, this HTML-based Code Visual Tool not only
facilitates theoretical understanding of looping concepts but also provides a more concrete, interactive, and intuitive
learning experience in exploring algorithmic logic flow.

Table 1 presents the results of the material validation test conducted by the expert validator on the developed
product. Based on the assessment results, the Material Alignment aspect obtained a score of 13 out of a maximum of
15, equivalent to 86.67%, indicating that the material is aligned with the intended learning objectives and expected
competencies. Overall, the validation results show that the product falls into the category of feasible for use with
minor revisions, as the average evaluation percentage exceeds 70%. After a thorough discussion and clarification
session with the validator regarding the suggested revisions, the product’s evaluation scores improved, resulting in
an average increase of 1 point for each evaluation item.

The results of the programming validation test conducted by the expert validator on the technical aspects of the
product are presented in Table 2. The assessment was carried out in two validation stages to ensure the overall
quality of the code and system functionality. The Performance and Efficiency aspect received the highest score of 12
out of 15 (80%). After refining the program code, there was an improvement in the expert validator’s evaluation
scores for several items, indicating that the program now operates efficiently in terms of both execution speed and
resource utilization.

Table 1. Results of Material Validation Test

No | Evaluation Scores 1 | Percentage | Scores 2 | Percentage

1 Material Alignment 13 86,67 % 14 93,34%

2 Accuracy and Logical 11 73,34 % 13 86,67%

Correctness
3 Learning Relevance 11 73,34 % 13 86,67%
4 Output Completeness 11 73,34 % 12 80%
Table 2. Results of Programmer Validation Test
No | Evaluation Scores 1 Percentage | Scores 2 | Percentage

1 Code Structure and 10 66,67 % 12 80%
Readability

2 | Algorithms and Logic 15 100 % 15 100%
Accuracy

3 Performance and Efficiency 12 80 % 14 93,34%

4 User Interaction and 11 73,34 % 12 80%
Responsiveness
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LoopViz - Visualisasi For & While (Browser Edition)

Tulis kode sederhana dengan FOR, WHILE, PRINT, BREAK, CONTINUE.

LET sum = @

FOR i =1 TO &
sum = sum + i

END

PRINT

w

um

LET j = @
WHILE j < 3
PRINT

j=9+1
END

D € 2 620

Output Console:
\n---\n

Source (jalannya baris):

1 LET sum = @
2 FOR 1 =1T05
3 sum = sum + i
4 END
5 PRINT sum
6
7 LET j=20
8 WHILE j < 3
9 PRINT j
1@ j=3+1
11 END

Figure 2. Program output showing the visualized flow process of for and while loops.

Table 3. Results of Student Response

No Evaluation Scores Maximum Percentage
Scores
1 |[Visual attraction 331 400 82,75 %
2 |Usability 320 400 80 %
3 |Learning Effectiveness 314 400 78,5 %
4 |[Engagement & Motivation 494 600 82,33 %

Table 3 presents the results of the student response evaluation toward the use of the Code Visual Tool as a learning
medium. The findings show that the tool received positive feedback across all assessed aspects. The Visual
Attraction aspect achieved a percentage of 82.75%, indicating that students found the interface visually appealing
and easy to understand. The Usability aspect scored 80%, showing that the tool was considered practical and user-
friendly during the learning process.

501



Meanwhile, the Learning Effectiveness aspect obtained 78.5%, suggesting that the tool effectively helped students
comprehend programming loop concepts through interactive visualization. The Engagement and Motivation aspect
achieved the highest score of 82.33%, demonstrating that the tool successfully increased student interest and
motivation in learning programming. Overall, the results indicate that the Code Visual Tool is well received by
students and feasible to use as an interactive learning aid for programming courses.

The boxplot in Figure 3 illustrates the comparison between the distribution of pre-test and post-test scores of the
participants. Overall, there is a clear improvement in scores after the learning intervention. The range of pre-test
scores appears wider, spanning from low (10) to high (100), indicating a considerable variation in participants’
initial abilities. In contrast, the post-test scores are concentrated in the higher range (60 to 100), suggesting enhanced
understanding and greater consistency in learning outcomes following the instructional process.

Furthermore, the position of the “X” mark representing the mean has shifted upward in the post-test group,
providing additional evidence that the learning activity had a positive impact on participants’ competency
improvement. Thus, the boxplot demonstrates that the applied learning intervention effectively enhanced students’
performance, both in terms of the average score and the distribution pattern, as further detailed in Table 4.

Pre-test and Post-test score comparation

120
100
80
a0
40
20
0
1
M Fretest [l Post-test
Figure 3. Comparison of Pre-test and Post-test score
Table 4. Frequency distribution for student score
Interval Score Pre-test Post-test
0-20 6 1
21-40 4 3
41 - 60 8 3
61 - 80 1 6
81 -100 1 7
Table 5. Student Pre-test and Post-test assignment statistics
Learning Outcomes
No Evaluation Pre-test Post-test
1 Number of Subjects 20 20
2 Highest Score 90 100
3 Lowest Score 10 10
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|4 | Average | 42,5 | 70 |

N-Gain= ((70-42,5))/((100-42,5)) = 27,5/57,5 = 0,478 or 0,48

The average pre-test score in table 5 was 42.5, which increased to 70 in the post-test. This improvement indicates a
noticeable difference in learning outcomes before and after the intervention. According to Hake’s (1998)
classification, the N-Gain value of 0.48 falls into the “medium gain” category. This means that the implementation
of the developed learning media or product was moderately effective in improving participants’ learning outcomes.

AVERAGE SCORE BY GENDER

ElFemale [EMale

54.4

un)

41.1
'

Figure 4. Comparison of average pre-test and post-test scores based on gender

Figure 4 shows that both male and female students experienced an improvement in their average scores after
participating in the learning activities using the Code Visual Tool. Male students’ average score increased from
43.63 in the pre-test to 82.72 in the post-test, while female students’ scores rose from 41.1 to 54.4. Although both
groups demonstrated progress, the improvement among male students was more significant, indicating that they may
have benefited more effectively from the interactive visualization features of the learning media. Overall, the figure
highlights that the implementation of the Code Visual Tool had a positive impact on both genders, contributing to an
overall enhancement in programming comprehension.

Discussion: -

The results demonstrate that the Code Visualization Tool effectively enhances conceptual understanding of for and
while loops. Visualization allows students to see the dynamic execution flow of each statement, bridging the gap
between abstract programming syntax and concrete procedural logic. This aligns with findings by Minjie Hu et al.
(2021) that visual learning media can improve code comprehension and reduce cognitive load for novice
programmers (M. Hu et al., 2021). Furthermore, the tool’s interactive simulation encourages active exploration.
Students can modify loop parameters, observe changes in real time, and thus construct their own mental model of
iteration. This constructivist approach supports deeper learning and aligns with the principle that active engagement
leads to better retention (Wang et al., 2025).

Compared with traditional methods relying solely on static code examples or lecturer explanations, the visual code
tool offers immediate feedback and tangible representation of logic flow. In conventional learning, students often
struggle to grasp how loop variables change across iterations (Giannakoulas&Xinogalos, 2024; Lu & Hu, 2025); the
visualization mitigates this difficulty by explicitly animating each execution step. The improvement in learning
outcomes observed in this study reflects the advantages of visual interactivity in developing programming literacy,
particularly in topics involving control flow and repetition structure.

The development of this tool contributes to the growing need for digital learning media that supports computational
thinking (Salido et al., 2025). As higher education increasingly integrates programming across disciplines, tools that
translate abstract logic into visual experience become crucial (Potocan et al., 2025). The Code Visualization Tool
not only serves as a learning aid but also as a pedagogical innovation promoting self-directed and inquiry-based
learning.
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Although the tool proved effective, several limitations should be acknowledged. The implementation involved a
limited number of participants and focused only on for and while loops. Future research could extend the tool’s
scope to include nested loops, conditional structures, and function calls, and integrate adaptive feedback features
based on student performance analytics. Moreover, long-term studies are needed to assess retention effects and
transfer of learning to more complex programming contexts.

Conclusion: -

This research concludes that the developed Code Visualization Tool successfully produced an effective interactive
learning medium to enhance students’ understanding of looping concepts in programming. Expert validation
indicated that aspects such as material alignment, logical accuracy, and program performance met the feasibility
standards with only minor revisions required. Field trials also demonstrated a significant improvement in students’
learning outcomes, with an average score increase of 27.5 points and an N-Gain value of 0.48 (medium category).
Visualization, which presents the step-by-step execution of code, effectively helps students build a more concrete
understanding of iteration logic and control structures. Moreover, interactive features such as Next, Run, and Reset
encourage independent exploration and strengthen active engagement during the learning process.
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