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ABSTRACT

Purpose - Object-Oriented Programming (OOP) is challenging for students
because its abstract concepts are difficult to translate into practical programming
solutions. This study developed OOPify, a visual block-based learning
environment for OOP practical activities, and examined changes in students’
conceptual understanding and group-level practical performance.

Methods - The study employed a Research and Development approach using the
ADDIE model and a one-group pretest-posttest design. Participants were 34
vocational high school students in West Java, Indonesia. Data were collected
through OOP conceptual understanding tests, group-level practical performance
observations, expert validation, and student response questionnaires.

Findings - OOPify was rated feasible (82.5%) by one expert. The Wilcoxon
Signed-Rank Test indicated a significant improvement in OOP conceptual
understanding (p < .001), with 70.59% of students achieving moderate-to-high
N-Gain and an average N-Gain of 0.50. Group-level practical performance,
covering psychomotor, cognitive, and collaborative indicators, averaged 85.22%
across Meetings 2 and 3. However, these results represent preliminary
observational evidence because formal inter-rater reliability was not assessed.
Research implications - Visual block-based learning environments may
support OOP learning by reducing syntactic complexity and allowing students to
focus on concepts and problem-solving. Generalizability is limited by the single-
school context and absence of a control group.

Originality - This study integrates visual block programming, OOP practical
activities, and group-level practical performance within a single learning
environment.

Correspondence Author: ®rafivalli261@upi.edu
To cite this article : Oktavian, N., Prasetyo, Y., Valliansyah, M. R,, & Riza, L. S. (2026). Development of OOPify
as a Visual Block Programming Environment for OOP Learning and Group-Level Practical Performance. Journal

of Deep Learning,

Computer

Vision —and Digital Image  Processing, 4(3), 122-143.

https://doi.org/10.61255/decoding.v4i3.1634

This is an open access article under the CC BY-SA license

BY SA

Page 122 of 143


https://doi.org/10.61255/decoding.v4i3.1634

Journal of Deep Learning. Computer Vision and Digital Image Processing
Oktavian et al. | Development of OOPify as a Visual Block ...

INTRODUCTION

Object-Oriented Programming (OOP) remains a challenging topic in programming education because
students are required not only to understand abstract concepts but also to apply them through
practical programming activities. Concepts such as classes, objects, methods, inheritance, and
encapsulation require learners to develop abstract thinking skills, construct mental models, and
establish relationships between conceptual knowledge and program implementation. Consequently,
novice programmers often encounter difficulties in understanding and applying OOP concepts
effectively, as reported by Batiha et al. [1], Khudhur et al. [2], Efan et al. [3], and Ragonis and Shmallo
[4]. Previous studies have further indicated that these difficulties are not solely caused by the
complexity of OOP concepts themselves but are also influenced by high cognitive load, limited
programming experience, and challenges in transforming conceptual understanding into executable
programming solutions [1], Heinonen et al. [5], and Wai et al. [6]. Moreover, a recent systematic
mapping study by Tsichouridis et al. [7] revealed that although numerous educational environments
have been developed to support OOP learning, most of them primarily focus on conceptual
visualization and theoretical understanding rather than supporting students in solving more
complex programming problems through practical activities. These findings highlight the need for
learning media capable of visualizing OOP concepts while simultaneously facilitating practical
learning experiences that help students connect abstract concepts with program implementation in
a meaningful manner.

This challenge is also reflected in vocational education. A pilot study conducted at SMK Negeri 4
Padalarang revealed that 76.5% of students experienced difficulties in writing OOP code correctly
and sequentially, 67.6% frequently made mistakes while typing program code, and 58.8% reported
that although they understood OOP concepts theoretically, they still struggled to implement them in
programming tasks. Interviews with teachers further indicated that students tended to understand
programming concepts better through practical activities than through theory-oriented instruction.
These findings suggest the existence of a substantial gap between conceptual understanding and
practical programming skills in OOP learning.

Psychomotor skills constitute an important aspect of programming education because students are
expected not only to understand concepts but also to apply their knowledge through practical
activities. In OOP learning, students must be able to design solutions, construct program structures,
implement concepts such as classes, objects, methods, inheritance, and encapsulation, and evaluate
the functionality of developed programs. These activities involve manipulation, coordination,
communication, and product creation, all of which are associated with psychomotor skill
development. In computing education specifically, assessing psychomotor competence is inherently
complex because programming activities are largely virtual rather than physical, and existing
frameworks note that programming-related skills often reflect a combination of technical, cognitive,
and psychomotor elements rather than psychomotor ability alone [8]. In this study, these three
constructs are treated as conceptually distinct: OOP conceptual understanding refers to students’
theoretical grasp of OOP concepts as measured through multiple-choice testing, whereas practical
performance encompasses the broader psychomotor, cognitive, and collaborative behaviors
observed during hands-on programming activities.

Research has shown that the development of psychomotor skills through structured learning
activities contributes positively to learning outcomes and student engagement, as reported by
Borrego-Balsalobre et al. [9]. Furthermore, advances in educational technology have demonstrated
that interactive digital learning environments can support both the development and assessment of
psychomotor skills through technology-enhanced practical activities, as noted by Barenji and
Montreuil [10]. Therefore, OOP instruction should not focus exclusively on conceptual mastery but
should also provide practical learning experiences that facilitate psychomotor skill development.

Among the approaches proposed to address these challenges, block-based visual programming
environments have demonstrated considerable potential. Previous studies have shown that block-
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based programming can help learners understand programming concepts through visual
representations, reduce syntactic complexity, lower cognitive load, and improve programming
achievement, particularly among novice learners, as reported by Hu et al. [11], Rodriguez-Martinez
et al. [12], Hsu and Gainsburg [13], Sayginer et al. [14], and Yu et al. [15]. In addition, block-based
environments support the transition from visual programming to text-based programming by
simplifying syntax representation and visualizing program structures, allowing learners to focus
more on logic development and problem solving than on syntax-related errors, as noted by Lin and
Weintrop [16].

Within the context of OOP education, various educational programming environments have been
developed to support students’ understanding of abstract OOP concepts through visual
representations of object relationships, program structures, and conceptual system designs [2], Chin
et al. [17], and [7]. However, systematic literature reviews indicate that OOP education research is
still dominated by studies focusing on instructional methods, teaching strategies, object-oriented
pedagogical approaches, conceptual visualization, and learning outcome evaluation [3], [7],
Gumonan et al. [18], Speth et al. [19], and Qu et al. [20]. Similarly, Gutiérrez et al. [21] reported that
most solutions proposed for OOP education primarily address conceptual understanding and
learning difficulties rather than integrating practical activities and comprehensive skill development.
Consequently, there remains a need for learning environments that not only support conceptual
understanding through practical activities but also facilitate the assessment of students’
psychomotor skill development during the learning process.

The need for learning media capable of bridging conceptual understanding and practical skills has
motivated the development of visual block-based programming environments for OOP instruction.
One such environment is OOPify, a web-based multimedia learning platform that utilizes visual
programming blocks to support students understand and implement OOP concepts. The
development of digital learning environments such as OOPify aligns with findings reported by Lopez-
Pernas and Saqr [22], who argued that digital learning systems can serve not only as instructional
delivery tools but also as sources of valuable information regarding learners’ activities throughout
the learning process.

Previous research by Huda et al. [23] introduced and implemented OOPify as a block-based
programming medium for OOP learning to support learning evaluation and improve students’
cognitive performance. The study reported that the visual representations provided by OOPify
assisted students in understanding and implementing OOP concepts. Nevertheless, the previous
work primarily focused on learning evaluation and cognitive achievement, while the use of OOPify as
a practical learning medium that supports and analyzes observed group-level practical performance
during OOP learning remains underexplored.

Therefore, the novelty of this study lies in the utilization of OOPify as a practical learning medium
that integrates visual block programming activities with the analysis of students’ psychomotor skills
throughout the learning process. Through this approach, students are not only encouraged to
construct object-oriented programming solutions visually but also to develop psychomotor skills
through block manipulation, program construction, program testing, and case-study problem solving
activities. Accordingly, this study aims to analyze changes in group-level psychomotor performance
and students’ Object-Oriented Programming competencies following the implementation of OOPify.
The findings are expected to contribute to the development of more interactive programming
learning media and to extend current knowledge regarding the integration of psychomotor skill
development within visual block-based OOP learning environments.

METHOD

This study employed the Analyze, Design, Development, Implement, and Evaluate (ADDIE)
instructional design model as the research and development framework. The research design used
in this study was a Pre-Experimental Design in the form of a One-Group Pretest-Posttest Design. To
provide a clear overview of the research procedure, a research framework was developed to
illustrate all stages of the study, beginning with the preliminary study, followed by the development

124 | Journal of Deep Learning, Computer Vision and Digital Image Processing



Journal of Deep Learning. Computer Vision and Digital Image Processing
Oktavian et al. | Development of OOPify as a Visual Block ...

phase, and ending with the documentation phase. During the development phase, activities focused
on the development of OOPify as a learning medium to support students’ psychomotor skills, as well
as the development of psychomotor-oriented practical activities based on Student Worksheets
(LKPD) that were implemented during the learning process. The complete research procedure is

presented in Figure 1.
Preliminary Study Phase

Start Field Study Problem Analysis

Problem

Identification Literature Review

Development Research Phase

Development of Psychomotor-Based Development of OOPIfy for
Practical Worksheets (LKPD) Psychomotor Skill Development

Evaluation and Reporting Phase

Research Data Management Research Evaluation

Data Analysis, Conclusion, and
Recommendations

End

Figure 1. Research Procedure

As shown in Figure 1, the study began with a preliminary study consisting of problem identification,
field study, and literature review to obtain information regarding the current conditions of OOP
learning and the need for developing an appropriate learning medium. The results of this stage
served as the basis for identifying and analyzing the problems addressed in this research. The study
then proceeded to the development phase, which involved the development of OOPify as a
multimedia learning environment to support OOP learning and students’ psychomotor skills. In
addition, psychomotor-oriented practical activities based on LKPD were designed and developed
according to the intended OOP learning objectives. After the development process was completed,
the study entered the evaluation and reporting phase, which included organizing and managing the
collected research data, evaluating the research outcomes, conducting data analysis, and drawing
conclusions and recommendations. All stages were carried out systematically to ensure the
development of learning media and instructional materials that aligned with the objectives of the
study.

Research Design

This study employed a Pre-Experimental One-Group Pretest-Posttest Design. In this design, students
were first administered a pretest (0;) to measure their initial OOP conceptual understanding.
Subsequently, they participated in learning activities using the OOPify block-based multimedia
learning environment (X). Finally, a posttest (0,) was administered to examine changes in students’
Object-Oriented Programming (OOP) skills following the implementation. Changes in students' OOP
conceptual understanding were analyzed by comparing their pretest and posttest scores

Population and Sample

The population of this study consisted of vocational high school students in Indonesia who studied
Object-Oriented Programming (OOP). The sample was selected using a purposive sampling
technique and comprised 34 eleventh-grade students from the Software and Game Development
Program (Pengembangan Perangkat Lunak dan Gim - PPLG) at SMK Negeri 4 Padalarang, West Java,
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Indonesia. The sample was chosen based on the relevance of the OOP curriculum and the school’s
readiness to support the research implementation. The selected sample represented one intact class
used as the implementation group in the One-Group Pretest-Posttest Design. However, since the
study was conducted in only one vocational high school in West Java, the findings have limited
generalizability. Therefore, future studies involving larger and more diverse samples are
recommended.

Research Instruments and Data Analysis

The research instruments included interviews and surveys conducted during the needs analysis
phase, expert validation sheets, conceptual understanding tests, practical performance observation
sheets, and student response questionnaires. Instrument validation in this study was conducted by a
single expert: a lecturer from the Department of Computer Science Education, Universitas
Pendidikan Indonesia, with expertise in Object-Oriented Programming and instructional media
development. This expert validated both the conceptual understanding test items (pretest and
posttest) and the OOPify multimedia environment, using the test-item validation sheet and the
adapted General Programming Rubric, respectively. Because a single validator was involved, the
validation results should be interpreted as an expert appraisal rather than as evidence of broad
content or media validity; this limitation is further discussed in the Discussion section.

The conceptual understanding test was administered as both a pretest and posttest to examine
changes in students' conceptual understanding before and after the implementation of OOPify. The
pretest and posttest consisted of different sets of items. To ensure equivalence between the two test
forms, both were developed based on the same learning objectives, content coverage, and cognitive
levels specified in the test blueprint. The distribution of items across learning indicators and
cognitive levels was designed to be comparable between the two forms. Each form measured the
same Object-Oriented Programming concepts using comparable indicators and underwent the same
expert validation process prior to implementation. Prior to implementation, both test forms were
evaluated for internal consistency using Cronbach's Alpha reliability analysis. The pretest instrument
obtained a Cronbach's Alpha coefficient of 0.870, while the posttest instrument obtained a coefficient
of 0.844, indicating very high internal consistency for both test forms.

In addition to reliability analysis, item difficulty and discrimination indices were calculated using the
same pilot-test data, involving 13 students for the pretest form and 13 students for the posttest form
(26 students in total). Item difficulty indices were interpreted using standard criteria: 0.00-0.30
(difficult), 0.31-0.70 (medium), and 0.71-1.00 (easy) [24]. Discrimination indices were interpreted
as poor (D < 0.20), fair (0.20 < D < 0.30), good (0.30 < D < 0.40), and very good (D = 0.40) [25]. As
shown in Table 1, the two forms demonstrated nearly identical average difficulty indices (P = 0.539
for both forms) and consistently high discrimination indices (D = 0.589 for the pretest and 0.522 for
the posttest). Taken together, the high reliability coefficients and the comparable difficulty and
discrimination indices provide converging evidence that the pretest and posttest forms were both
internally consistent and empirically equivalent in demanding level, supporting their use for
measuring pre-post changes in students' conceptual understanding.

Table 1. Comparison of Item Difficulty and Discrimination Indices between Pretest and Posttest Forms

Indicator Pretest (Package 1) Posttest (Package 2)
Number of items analyzed 30 30
Average Difficulty Index (P) 0.539 (Medium) 0.539 (Medium)
Difficulty category distribution 27 Medium, 3 Easy 26 Medium, 3 Easy, 1 Difficult
Average Discrimination Index (D) 0.589 (Very Good) 0.522 (Very Good)

Discrimination category distribution 20 Very Good, 7 Good, 3 Poor 18 Very Good, 8 Good, 4 Poor

As shown in Table 1, the pretest and posttest forms exhibited nearly identical average difficulty
indices, both falling within the medium category, and comparable average discrimination indices,
both categorized as very good. Only one posttest item was classified as difficult, while the remaining
items in both forms fell within the medium-to-easy range. These results indicate that the two test
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forms were empirically comparable in terms of item difficulty and their ability to differentiate higher-
and lower-performing students.

Practical performance observations were conducted during practical learning activities using OOPify.
Psychomotor observations were not conducted during the first meeting because the activities
focused on orientation, introduction to OOPify, and pretest administration. Therefore, psychomotor
assessment was limited to the practical learning activities conducted in Meetings 2 and 3.
Psychomotor observations were conducted by two observers, namely the researcher and a research
assistant. Before the observations were conducted, both observers discussed the assessment criteria
and agreed on the scoring procedures to promote consistency throughout the observation process.
The 34 students participating in the study were organized into 11 groups consisting of three to four
students per group. Group-level observation was employed because the practical activities required
students to collaboratively discuss solutions, construct block-based programs, test program
functionality, and complete case-study tasks. Therefore, psychomotor performance was assessed at
the group level based on each group's observable actions and interactions during the learning
process rather than on individual students' performance. The observation focused on four
psychomotor dimensions adapted from Trowbridge et al. [26], namely moving, manipulating,
communicating, and creating.

Student responses were measured using a usability-testing questionnaire developed based on
Nielsen's five usability attributes [27]: learnability, efficiency, memorability, errors, and satisfaction.
The questionnaire consisted of 10 items, with two items representing each dimension (see Table 2
for the complete list of items).

Table 2. Usability Questionnaire Items Based on Nielsen's Five Usability Attributes
No Dimension Item
Learnability I could understand how to use OOPify with minimal explanation.
Learnability [ found it easy to learn the basic functions available in OOPify.
Efficiency [ was able to complete class and object creation tasks quickly using OOPify.
Efficiency I did not waste time while learning with OOPify.
After using OOPify several times, I could still remember how to use it without
having to relearn it.
Memorability [ did not find it difficult to remember the steps when creating a project in OOPify.

1
2
3
4
5 Memorability
6
7
8
9

Errors I rarely made mistakes while using OOPify.
Errors When | made a mistake, I could easily fix it in OOPify.
Satisfaction [ felt satisfied using OOPify as a learning medium for OOP.
10 Satisfaction I would recommend OOPify to other students for learning OOP.

All items were positively phrased; therefore, no reverse scoring was applied prior to calculating the
percentage scores. Media feasibility scores were interpreted as very feasible (81-100%), feasible
(61-80%), moderately feasible (41-60%), less feasible (21-40%), or not feasible (0-20%) [28].
Student response scores were interpreted using the same percentage thresholds, categorized as very
strong (81-100%), strong (61-80%), moderately strong (41-60%), weak (21-40%), or very weak
(0-20%) agreement [29].

The collected data were analyzed using descriptive quantitative techniques. Expert validation
results, practical performance, and student responses were analyzed using percentage scores.
Practical performance scores were obtained from observations using a five-point Likert scale and
then converted into percentages. Changes in students' OOP conceptual understanding were analyzed
by comparing the pretest and posttest scores. The magnitude of the observed change was
subsequently quantified using the Normalized Gain (N-Gain) formula. The normalized gain (N-Gain)
was calculated using the formula proposed by Hake [30]:

_ Posttest — Pretest
9= 100 — Pretest

The N-Gain values were classified into three categories, namely low (g < 0.30), medium (0.30 < g <
0.70), and high (g = 0.70), following the classification proposed by Hake [30]. Negative N-Gain values
were retained in the analysis because they indicate that a student's posttest score was lower than the
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corresponding pretest score. The average N-Gain was calculated as the arithmetic mean of individual
students' N-Gain scores rather than from the class-level pretest and posttest mean scores.

Research Procedure

This study adopted the ADDIE instructional design model (Analysis, Design, Development,
Implementation, and Evaluation) as the framework for developing the OOPify learning media.
Through this model, each development stage was conducted systematically, beginning with needs
analysis and ending with the evaluation of the implemented learning media. The development
procedure employed in this study is illustrated in Figure 2.
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In the Analysis stage, learning needs and students' difficulties in learning OOP were identified. The
Design stage involved designing the OOPify media, developing research instruments, and planning
learning activities. The Development stage involved developing the media and validating it through
an expert with combined expertise in Object-Oriented Programming and instructional media. The
Implementation stage involved applying OOPify in OOP practical learning activities with eleventh-
grade vocational high school students. Finally, the Evaluation stage examined the feasibility of the
developed media, changes in students' OOP conceptual understanding based on the pretest and
posttest results, observed group-level practical performance during practical learning activities, and
students' responses to the developed media.

Figure 2. Development Procedure

a. Analysis Stage

At this stage, a needs analysis was conducted through classroom observations, interviews with
Software and Game Development (PPLG) teachers, and student surveys to identify challenges in
learning Object-Oriented Programming (OOP).
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b. Design Stage

This stage included the development of storyboards, user interface (UI) design, preparation of
learning materials, and the design of research instruments used during the development and
evaluation processes.

c. Development Stage

During this stage, the OOPify block-based multimedia learning environment was developed
according to the previously established design specifications. The developed multimedia was
subsequently validated by a lecturer from the Department of Computer Science Education,
Universitas Pendidikan Indonesia, who has expertise in instructional media development and
educational technology. The validator was selected based on academic expertise and experience in
developing and evaluating computer-based learning media. The media was evaluated using an
adapted version of the General Programming Rubric proposed by Bailie et al. [31]. From the original
rubric, four aspects relevant to multimedia learning evaluation were adopted: solution quality,
program design, user interface, and code readability. Aspects related to source-code documentation
and maintainability were excluded because they are more applicable to evaluating student-written
software than to evaluating instructional multimedia. Each criterion was rated using a five-point
Likert scale. The obtained scores were converted into percentages to facilitate interpretation of the
overall media quality. Higher percentage scores indicate better compliance with the rubric criteria
and greater media feasibility for classroom implementation. The media was revised prior to
implementation based on the suggestions and recommendations provided by the validator to
enhance its quality and suitability for classroom use.

d. Implementation Stage

0O0Pify was implemented with students in classroom learning activities. The implementation began
with the administration of a pretest, followed by learning and practical activities using OOPify, and
concluded with a posttest and the completion of student response questionnaires.

e. Evaluation Stage

The evaluation stage aimed to assess the quality of the developed media based on expert validation
results, changes in students' OOP conceptual understanding as reflected by the pretest and posttest
results, observed group-level practical performance during practical activities, and students'
responses to the use of O0Pify. To observe students' practical performance during practical activities
using OOPify, an observation instrument was developed based on the psychomotor skill classification
proposed by Trowbridge et al. [26]. The instrument consisted of four dimensions: moving,
manipulating, communicating, and creating. These dimensions were used to describe students’
abilities to perform physical actions, operate learning tools or media, communicate during the
learning process, and produce products or artifacts. Because several indicators (e.g., asking
questions, discussing tasks, completing a mini-project) also involve cognitive, collaborative, and
engagement-related behaviors in addition to physical/motor actions, this instrument is more
accurately described as an observational rubric for group-level practical performance rather than a
pure measure of psychomotor competence. The details of the psychomotor dimensions, sub-
indicators, and assessment codes are presented in Table 3.

Table 3. Observational Rubric for Group-Level Practical Performance (adapted from psychomotor indicators
proposed by Trowbridge et al. [26])

No Aspect Practical Performance Indicator Code
Independently turns on the laptop/computer and accesses
the OOPify platform. Moving 1
1. Moving Prepares the required learning resources (notebook, digital
worksheet, and coding notes) according to the practical Moving 2
activity instructions.
. . Arranges class, object, and method blocks in OOPify Manipulating 1
2. Manipulating . ) :
according to the teacher’s instructions. . .
Manipulating 2
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No Aspect Practical Performance Indicator Code
Creates methods and connects them to the appropriate
objects in OOPify.
Asks questions to the teacher when encountering difficulties
in arranging or connecting blocks. Communicating 1

3. Communicating Engages in discussions with peers regarding tasks and Communicating 2

activities in OOPify.
Completes a simple mini-project by applying Object-
Oriented Programming principles using OOPify. Creating 1
Produces a digital practical report containing screenshots Creating 2
and descriptions of the developed block-based program.

4, Creating

Based on Table 3, the moving aspect was used to assess students’ ability to perform initial
preparations for practical activities and operate the required equipment. The manipulating aspect
focused on students’ skills in using OOPify features to construct and modify program blocks
according to OOP concepts. The communicating aspect was used to observe students’ interactions
with teachers and peers during practical activities. Meanwhile, the creating aspect evaluated
students’ ability to produce outputs, such as simple projects and practical reports. These four
dimensions were adapted from the psychomotor skill framework presented in [26] and were
employed to analyze group-level psychomotor performance during Object-Oriented Programming
learning activities using OOPify.

RESULTS AND DISCUSSION

Before conducting inferential statistical analyses, the pretest and posttest data were analyzed
descriptively to provide an overview of students' Object-Oriented Programming (OOP) skills before
and after participating in learning activities using OOPify. Descriptive statistical analysis was
performed to examine the characteristics of the data distribution through measures of central
tendency, dispersion, and distribution shape. The statistics analyzed included sample size, total
score, mean, median, mode, quartiles, minimum value, maximum value, range, standard deviation,
variance, skewness, and kurtosis. The results of the descriptive statistical analysis are presented in
Table 4.

Table 4. Descriptive Statistics of Pretest and Posttest Scores

Statistics Pretest Posttest
Sample Size (N) 34 34
Total Score 1568 2480
Mean 46.12 72.94
Median (Q2) 44.00 76.00
Mode 44 76
Quartile 1 (Q1) 37.00 64.00
Quartile 3 (Q3) 56.00 87.00
Minimum 20 28
Maximum 80 100
Range 60 72
Standard Deviation 14.00 18.58
Variance 196.11 345.27
Skewness 0.595 -0.959
Kurtosis 0.251 0.314

Based on Table 4, the mean pretest score was 46.12 and increased to 72.94 in the posttest. Similar
increases were observed in the median (44.00 to 76.00), mode (44 to 76), minimum score (20 to 28),
and maximum score (80 to 100), indicating higher OOP conceptual understanding scores in the
posttest than in the pretest. Furthermore, the quartile range shifted from 37-56 in the pretest to 64-
87 in the posttest, suggesting that higher scores were observed across most students in the posttest.
The skewness value changed from 0.595 to -0.959, indicating that the score distribution shifted
toward higher achievement levels. Overall, the descriptive statistics indicate that students obtained
higher OOP conceptual understanding scores in the posttest than in the pretest following the
implementation of OOPify.

130 | Journal of Deep Learning, Computer Vision and Digital Image Processing



Journal of Deep Learning. Computer Vision and Digital Image Processing
Oktavian et al. | Development of OOPify as a Visual Block ...

Analyze Stage Outcome

The analysis stage was conducted through teacher interviews, student questionnaires, and learning
needs analysis related to Object-Oriented Programming (OOP) instruction at SMK Negeri 4
Padalarang. The findings revealed that students experienced difficulties in understanding
fundamental OOP concepts, including classes, attributes, methods, and objects. In addition, students
reported that they tended to understand OOP concepts better through practical activities than
through theory-oriented instruction. Survey results showed that 76.5% of students experienced
difficulties writing OOP code correctly, while 67.6% frequently encountered syntax errors. These
findings indicated the need for a practice-oriented learning medium capable of visualizing OOP
concepts and facilitating students’ understanding. Based on these needs, OOPify was developed as a
block-programming-based learning multimedia platform to support OOP practical activities.

Design Stage Outcome

To support the implementation of the study, a learning scenario consisting of three instructional
meetings was designed using OOPify as a visual block-programming learning medium. Each meeting
was structured with different learning activities aligned with the intended learning objectives,
beginning with students’ initial competency assessment, followed by instructional delivery and
worksheet-based practical activities, and ending with the evaluation of learning outcomes. The
allocation of time and sequence of activities for each meeting are presented in the Gantt chart shown
in Figure 3.
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Figure 3. Gantt Chart of the Learning Scenario

As illustrated in Figure 3, the learning process was conducted across three meetings, each lasting 90
minutes. The first meeting focused on administering the pretest, introducing fundamental OOP
concepts, and conducting program analysis activities using student worksheets. The second meeting
emphasized concept reinforcement and practical activities using OOPify, complemented by
discussion sessions to strengthen students’ understanding. The third meeting focused on more
independent practical activities guided by worksheets, followed by a posttest to examine changes in
students’ OOP conceptual understanding. This sequence was designed progressively to provide
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students with systematic learning experiences in understanding and implementing OOP concepts
using OOPify.

Development Stage Outcome

During the development stage, the designed prototype was implemented as OOPify, a web-based
multimedia learning environment for Object-Oriented Programming practical activities. The
platform was developed using HTML, CSS, and JavaScript to ensure interactivity, lightweight
performance, and accessibility through web browsers. Figure 4 presents the main interface of OOPify
along with an example of block assembly. The platform consists of course modules, a collection of
OOP blocks, and an interactive workspace for practical programming activities. Through block
programming, students can construct programs using blocks representing OOP concepts such as
classes, attributes, methods, and encapsulation. OOPify also includes drag-and-drop, snapping,
zooming, reset, and trash-bin functionalities to facilitate practical learning activities.
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Figure 4. Main Interface of OOPify with an Example of Block Assembly

In addition to the multimedia platform, psychomotor-oriented student worksheets were developed
and integrated with OOPify to guide students in constructing block-based programs systematically.
These worksheets were designed to help students connect OOP concepts with their implementation
during practical activities. After development, both the multimedia platform and worksheets were
validated by the expert described in Section 2.3. The validation results indicated that OOPify was
appropriate for use as a practical learning multimedia tool in OOP instruction.
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Program Analysis (Problem Stimulation)

Material: Class, Object, Method, and Encapsulation
Media: OOPIFY

Meeting: 1

Group Member Names:

Class:

Observe the following program blocks:

Figure 5. Example of Student Worksheet (Meeting 1)

As shown in Figure 5 and Table 5, students were required to identify a case study represented by a
given program, determine three key pieces of information embedded within the program blocks,
analyze the input-process-output (IPO) components, predict the program output, and formulate
conclusions based on their analysis. These activities were designed to train students’ ability to
understand program logic and connect visual program representations with OOP concepts before
engaging in practical programming tasks.
Table 5. Activities Included in the Student Worksheet
No Student Worksheet Questions
In your opinion, what kind of scenario or story would be suitable for this program?
1.  Write your answer below:

After observing the OOPify block program above, identify and explain the three most important
elements shown in the program.
Write your answer below:

What are the input, process, and output of the program?
3.  Write your answer below:

Write the output that will be displayed when the program is executed.
4.  Write your answer below:

Write your conclusion based on the activity you have completed.
5.  Write your answer below:
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Implementation Stage Outcome

The implementation stage involved 34 students. The instructional process began with a pretest to
assess students’ prior knowledge of OOP concepts. Subsequently, students participated in learning
activities that integrated OOP instruction with practical exercises using OOPify. During the practical
sessions, students constructed object-oriented programs using visual blocks representing classes,
attributes, methods, and encapsulation. These activities were conducted progressively with guidance
from the developed worksheets. Throughout the learning process, group-level psychomotor
performance was observed using the prepared observation instrument. Upon completion of all
practical activities, students were administered a posttest to examine changes in their OOP skills.
Additionally, students completed a response questionnaire to evaluate their perceptions of OOPify
as a practical learning multimedia tool. All collected data were subsequently analyzed during the
evaluation stage to examine the feasibility of the developed media, changes in students' OOP
conceptual understanding, observed group-level practical performance, and students’ responses
toward OOPify.

Evaluation Stage Outcome

The evaluation stage was conducted to evaluate the developed OOPify multimedia and the outcomes
observed following its implementation. The evaluation focused on three aspects: observed group-
level practical performance, changes in students' OOP conceptual understanding based on the pretest
and posttest results, and students’ responses toward the learning media.

1. Observed Group-Level Practical Performance

To examine the development of observed group-level practical performance (encompassing
psychomotor, cognitive, and collaborative behaviors) during the use of OOPify, analyses were
conducted for four psychomotor dimensions: moving, manipulating, communicating, and creating.
The analysis was based on the cumulative observation scores of 11 student groups across
instructional meetings using a five-point Likert scale. The progression of the observed group-level
practical performance is illustrated in Figure 6.

Likert Scale 1-5 | n=11 groups' | Maximum Score = 110

—8— Moving
1101 Manipulating

—8— Communicating 106
—8— Creating

110

101
100 A prd
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60 T T
Meeting 2 Meeting 3

Figure 6. Line Chart of Students’ Practical Performance Scores Across Meetings 2-3
Based on Figure 6, psychomotor observations were conducted only during the practical learning
activities in Meetings 2 and 3. All four psychomotor dimensions showed higher observation scores

in Meeting 3 than in Meeting 2. During the second meeting, the moving dimension obtained the
highest score (97), followed by communicating (91), creating (76), and manipulating (71). In the
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third meeting, the observation scores increased to 110 for moving, 101 for manipulating, 98 for
communicating, and 106 for creating. These higher observation scores indicate that the observed
student groups performed more successfully in operating the learning platform, constructing
program blocks, communicating during practical activities, and completing OOP-based programming
tasks during the second observation session. Overall, the findings indicate that the observed group-
level practical performance scores were higher in Meeting 3 than in Meeting 2, with a combined
average score across both meetings of 85.22%, categorized as very high. As these scores were derived
from group-level classroom observations without formal inter-rater reliability analysis, they should
be interpreted as preliminary observational evidence rather than definitive measurements of
psychomotor competence.

2. Comparison of Pretest and Posttest Histograms

To provide a clearer picture of changes in students’ Object-Oriented Programming (OOP) abilities
before and after learning with OOPify, an analysis of the pretest and posttest score distributions was
conducted. Distribution analysis not only reveals differences in average learning outcomes but also
illustrates the patterns of score dispersion across the two measurements. Through data distribution
visualization, it is possible to observe shifts in student performance after participating in learning
and practical activities using the OOPify learning media. The distributions of pretest and posttest
scores are presented in Figure 7.

Comparison of Pretest and Posttest Score Distributions
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Figure 7. Distribution Histogram of Pretest and Posttest Scores

Based on Figure 7, the score distribution shifted toward higher scores in the posttest compared with
the pretest. The mean score increased from 46.12 in the pretest to 72.94 in the posttest. Similarly,
the median score increased from 44.00 to 76.00, indicating that the posttest scores were generally
higher than the pre-est scores. The posttest distribution also exhibited a greater concentration of
scores within higher score ranges, as reflected by the rightward shift of the distribution peak.
Although the standard deviation of the posttest scores (18.58) was slightly higher than that of the
pretest scores (14.00), the wider dispersion suggests greater variability in posttest performance
among students. Overall, the shift of the posttest distribution toward higher scores indicates that
higher OOP conceptual understanding scores were observed in the posttest than in the pretest
following the implementation of the learning activities using OOPify.
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3. Conceptual Understanding of OOP

Changes in students' OOP conceptual understanding were analyzed using the pretest and posttest
results collected before and after the learning activities using OOPify. The analysis included
normality testing, the Wilcoxon Signed-Rank Test, and N-Gain analysis to examine differences
between the pretest and posttest scores and the distribution of individual learning gains. Normality
was assessed using the Shapiro-Wilk test because the sample size consisted of 34 participants. The
results indicated that the pretest scores were normally distributed (W = 0.960, p = .237), whereas
the posttest scores were not normally distributed (W = 0.912, p = .009). Therefore, the Wilcoxon
Signed-Rank Test was employed to compare the pretest and posttest scores. The test revealed a
statistically significant difference between the pretest and posttest scores (Z = -4.826, p < .001).
Among the 34 participants, 30 showed higher posttest scores than pretest scores, whereas four
obtained lower posttest scores and no tied scores were observed. The corresponding effect size was
large (r = 0.83), indicating a substantial difference between the pretest and posttest scores.

To further examine changes in students' OOP conceptual understanding scores, an analysis of the N-
Gain distribution was performed using the pretest and posttest results. This analysis aimed to
examine the distribution of learning gains across the low, medium, and high categories. In addition,
the histogram was supplemented with a distribution curve and standard deviation values to
illustrate the pattern of data dispersion around the mean. The distribution of students' N-Gain scores
is presented in Figure 8.

Frequency (number of students)
[+2]

Low (= 0.30) Medium (0.30-0.70) High (> 0.70)
N-Gain category

Figure 8. N-Gain Distribution Bar Chart

As shown in Figure 8 and Table 6, students' N-Gain scores were distributed across the low, medium,
and high categories, with the medium and high categories accounting for the majority of students.
Specifically, 24 out of 34 students (70.59%) were classified in the moderate-to-high N-Gain
categories. The average N-Gain score was 0.50, corresponding to the moderate category according to
Hake's classification.

Table 6. Distribution of Students Based on N-Gain Categories

Category Frequency Percentage
Low 10 29.41%

Medium 12 35.29%
High 12 35.29%
Total 34 100%

As shown in Table 6, 12 students (35.29%) were classified in the medium N-Gain category, while 12
students (35.29%) were classified in the high category. Therefore, 24 out of 34 students (70.59%)
were classified in the moderate-to-high N-Gain categories. The remaining 10 students (29.41%) were
classified in the low category, including four students who obtained negative N-Gain values because
their posttest scores were lower than their corresponding pretest scores.
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4. Material Validation

Assessment instrument validation was conducted through expert judgement by the expert described
in Section 2.3 to evaluate the alignment of the test items with Bloom’s taxonomy, the learning
objectives, and the assessment indicators. The initial instrument consisted of 60 multiple-choice
questions designed to measure students’ conceptual understanding of Object-Oriented Programming
(OOP). Based on the expert review, several items were revised or removed to improve their
alignment with the intended learning objectives and assessment indicators. A summary of the expert
validation results is presented in Table 7.
Table 7. Summary of Expert Validation Results for the Conceptual Understanding Test Instrument

Validation Result Number of Items
Initial items developed 60
Items aligned with learning objectives and indicators 52
Items requiring revision 5
Items removed 3
Final items used in the study 50
Pretest items 25
Posttest items 25

Initially, 60 test items were developed, comprising 30 pretest items and 30 posttest items. The
additional five items for each test were intentionally prepared as reserve items to accommodate
possible revisions or removals during the expert validation process. Following expert validation,
three items were removed because they did not align with the learning indicators, while five items
were revised based on the validator's suggestions. After the revision process, 50 validated items were
retained for implementation, consisting of 25 pretest items and 25 posttest items, in accordance with
the research design. The remaining validated items were not administered because the study
required only 25 items for each test while maintaining representative coverage of the learning
objectives.

In addition to expert validation, the reliability of both test forms was examined using Cronbach's
Alpha. The pretest instrument obtained a coefficient of 0.870, whereas the posttest instrument
obtained 0.844. These values indicate very high internal consistency, confirming that both
instruments were reliable for measuring students' conceptual understanding.

5. Media Validation

Prior to implementation, OOPify was evaluated by a programming education expert to determine its
suitability for classroom use. The evaluation was conducted using the General Programming Rubric,
which assesses four main aspects: solution quality, program design, user interface, and code
readability. The results of the media validation are presented in Table 7.

Table 8. Expert Validation Results for the OOPify Media

Criterion Maximum Score Obtained Score Percentage
Solution 10 9 90%
Program Design 10 8 80%
User Interface 10 7 70%
Code Readability 10 9 90%
Average 82.5%

As shown in Table 8, OOPify obtained an average score of 82.5% based on a single-expert appraisal,
which falls within the 'very feasible' (81-100%) category [28]. Because this evaluation involved only
one expert, the result should be interpreted as formative feedback rather than broad evidence of
content or media validity. The highest scores were obtained for the solution and code readability
aspects, both receiving 90% ('very feasible'), followed by program design (80%) and user interface
(70%), both falling within the 'feasible' (61-80%) category. The expert evaluation indicated that the
overall functionality and design of OOPify were appropriate, although several user interface
components were identified as requiring further refinement. Overall, this single-expert appraisal
provides preliminary evidence supporting the feasibility of OOPify for use in Object-Oriented
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Programming learning activities, which should be corroborated by additional experts in future
studies.

6. Student Responses toward OOPify

Student responses toward OOPify were collected using a usability questionnaire developed based on
Nielsen's five usability attributes [27], covering learnability, efficiency, memorability, errors, and
satisfaction. The questionnaire consisted of 10 statements assessed using a five-point Likert scale
ranging from 1 (strongly disagree) to 5 (strongly agree). A total of 34 students participated in the
evaluation. Therefore, the maximum possible score for each dimension was 340 points, while the
overall maximum score was 1700 points. The percentage score for each dimension was calculated by
comparing the obtained score with the maximum possible score. The results of the student response
questionnaire are presented in Table 9.

Table 9. Results of Student Responses toward OOPify

Dimension Score Percentage
Learnability 256 75.29%
Efficiency 275 80.88%
Memorability 255 75.00%
Errors 245 72.06%
Satisfaction 278 81.76%
Overall 1309 77.00%

Based on Table 9, the overall student response toward OOPify reached 77.00%, which falls within
the 'strong' (61-80%) category based on the interpretation criteria adapted from Riduwan [29],
indicating a generally positive perception of its use during practical learning activities. Among the
evaluated dimensions, satisfaction (81.76%) and efficiency (80.88%) obtained the highest
percentages, both falling within the 'very strong' (81-100%) category, indicating that students were
highly satisfied with the media and perceived it as easy to use during practical learning activities. The
learnability, memorability, and errors dimensions fell within the 'strong' (61-80%) category, with
percentages of 75.29%, 75.00%, and 72.06%, respectively, suggesting that students could learn and
remember how to use the media without significant difficulties, although some minor difficulties in
error handling were still reported.

The positive student responses indicate that OOPify was perceived as easy to learn and use during
practical activities. High scores in the learnability and satisfaction dimensions suggest that students
perceived the visual block-based interface as helping them focus on OOP concepts rather than
programming syntax. These findings are consistent with previous studies reporting that block-based
programming environments can improve learner engagement, usability, and programming
confidence, particularly among novice programmers [11], [16], [32], [33]. Furthermore, these
findings suggest that OOPify has the potential to serve as a practical learning medium for Object-
Oriented Programming in vocational education.

The results of this study indicate that the group-level psychomotor observation scores were higher
in the third meeting than in the second meeting, with the average score increasing from 76.18% to
94.26%. These observations indicate that, during the implementation of OOPify, students actively
participated in practical learning activities involving block construction, program testing, discussion,
and case-study problem solving. These activities provided opportunities for students to demonstrate
the moving, manipulating, communicating, and creating dimensions assessed in this study. Previous
studies have reported that structured practical learning activities can support the development of
psychomotor skills and student engagement [9], [34]. In addition, technology-enhanced learning
environments have been recognized as suitable contexts for observing and assessing psychomotor
performance during practical learning activities [10].

In the context of OOP education, these findings further support previous studies indicating that one
of the major challenges in learning OOP is students’ difficulty in connecting abstract concepts with
program implementation [1], [2], [4], [35]. Various visual approaches have therefore been developed
to help learners establish meaningful relationships between conceptual knowledge and program
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implementation [36]. Through block manipulation activities in OOPify, students were able to
transform abstract concepts into visual representations that were easier to understand and apply in
practice.

Higher group-level psychomotor observation scores were particularly evident in the manipulating
and creating dimensions. These observations indicate that the student groups demonstrated greater
proficiency in constructing object-oriented program structures, connecting program components,
and developing solutions for the given case studies during the observed practical activities. These
findings suggest that visual block programming may provide learning experiences that encourage
both conceptual engagement with Object-Oriented Programming and practical problem-solving
activities. This interpretation is consistent with previous studies reporting that block-based
programming environments are associated with higher student engagement, improved conceptual
understanding, and the development of programming competencies and practical skills through
more intuitive visual representations than conventional programming approaches [32], [37], [38],
[39].

Similar findings were reported by Kim et al. [33], who found that block-based Python programming
environments help students focus more on programming logic than on syntax, thereby improving
learning effectiveness. Other studies have also shown that Scratch-based learning environments can
improve problem-solving abilities through visual programming activities that encourage active
student participation [40], [41]. In addition, Espinal et al. [42] reported that block-based
programming facilitates the transition to text-based programming because learners first develop an
understanding of program structures through visual representations.

The findings of this study are consistent with previous research suggesting that OOP learning
environments should not only visualize concepts but also integrate practical activities that encourage
program implementation skills [7], [21]. In this study, the observed group-level practical
performance and the improvement in students' OOP conceptual understanding scores were
consistent with this perspective. These findings suggest that OOPify may provide a learning
environment that supports connections between conceptual understanding and practical
programming activities through structured visual block-programming tasks.

This study has several limitations. First, OOPify was implemented in a single class with a relatively
small sample from one vocational high school. Therefore, the findings cannot yet be generalized to
broader educational contexts. Second, group-level psychomotor performance was assessed through
classroom observations during practical learning activities, making the results dependent on
observer judgment. Although the two observers discussed the observation indicators and
assessment procedures before data collection to improve scoring consistency, formal inter-rater
reliability analysis was not conducted. Consequently, some degree of observer subjectivity may have
influenced the psychomotor observation results. Third, because this study employed a one-group
pretest—posttest design without a comparison group, the observed changes in students’ OOP
conceptual understanding scores cannot be attributed solely to the implementation of OOPify. Other
factors, such as teacher guidance, collaborative learning activities, repeated testing, or maturation,
may also have contributed to the observed outcomes. Fourth, this study relied on a single expert for
both content and media validation. While the validator possessed relevant dual expertise in OOP and
instructional media, validation by a single expert provides limited evidence of content and media
validity compared to validation involving multiple independent experts. Future studies should
involve at least two or three experts per instrument to strengthen the validity evidence through
inter-expert agreement (e.g.,, Content Validity Ratio or Aiken's V). Fifth, this study did not obtain
formal review from a research ethics committee, and written parental or guardian consent was not
collected for participating minors, relying instead on institutional permission and student verbal
assent. While the study involved only routine classroom instructional activities and posed minimal
risk to participants, the absence of formal ethics committee review and documented parental consent
represents an important limitation. Future research involving minors should prioritize obtaining
institutional ethics committee approval and documented parental or guardian consent prior to data
collection.
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Furthermore, the moving dimension reached the maximum score during the final observation,
suggesting that this indicator may have been less sensitive in differentiating group-level
psychomotor performance. This may be attributed to the relatively basic nature of the observed
activities, which were already familiar to vocational high school students. Additionally, because
several indicators within the observational rubric (e.g., asking questions, discussing tasks) also
capture engagement and collaboration behaviors rather than purely psychomotor competencies, the
overall rubric should be interpreted as a broader measure of group-level practical performance.
Future studies should therefore refine the psychomotor indicators, particularly within the moving
dimension, to better represent practical programming competence and provide greater
discrimination among different levels of group performance. Future research should also involve
larger and more diverse samples, employ controlled experimental designs, and incorporate learning
analytics capable of automatically recording students' interactions while using OOPify. Such
developments may provide a more comprehensive understanding of the relationship between visual
block-programming activities, group-level psychomotor performance, and students' Object-Oriented
Programming skills.

CONCLUSION

This study developed OOPify as a block-based programming multimedia learning tool for Object-
Oriented Programming (OOP) using the ADDIE development model. An expert appraisal indicated
that the developed multimedia was suitable for classroom implementation, although this conclusion
is based on a single expert and should be corroborated by broader validation in future studies. Based
on the N-Gain analysis, students' OOP conceptual understanding scores were classified in the
moderate category. In addition, the observed group-level practical performance during practical
learning activities reached an average score of 85.22%, categorized as very high; however, this
finding represents preliminary observational evidence, as no formal inter-rater reliability analysis
was conducted. Students also responded positively to OOPify, particularly in terms of learnability,
efficiency, memorability, errors, and satisfaction. These findings suggest that OOPify may serve as a
practical learning medium for Object-Oriented Programming in vocational high schools. However,
because this study employed a one-group pretest-posttest design without a comparison group, the
observed changes in students' test scores cannot be attributed solely to the implementation of
OOPify. Further research involving larger and more diverse samples and controlled experimental
designs is needed to better understand the contribution of OOPify to Object-Oriented Programming
learning.
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