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ABSTRACT

Students’ learning outcomes in Informatics remain an important concern, particularly when classroom
instruction provides limited opportunities for active student participation. This study examined whether the
change in learning outcomes differed between students who participated in Nearpod-supported Informatics
learning and those who received conventional instruction. A quantitative approach was employed using a quasi-
experimental method with a Nonequivalent Control Group Design. The study population comprised 660 Grade
X students at SMK Negeri 1 Kuningan during the 2025/2026 academic year. A total of 68 students were selected
through purposive sampling, consisting of 34 students in the experimental group and 34 students in the control
group. Data were collected using a 10-item multiple-choice achievement test selected from an initial set of 20
items based on validity, reliability, difficulty, and discrimination analyses. Data were analysed using descriptive
statistics, the Shapiro-Wilk normality test, Levene’s test, and the Independent Samples t-Test. Because the two
groups had different initial pretest scores, the analysis compared change scores calculated as posttest scores
minus pretest scores. The results showed a statistically significant difference in learning outcome changes
between the two groups, t(66) = -3.322, p = 0.001. The experimental group showed a mean increase of 46.47
points, compared with 30.00 points in the control group. The standardised mean difference was Cohen’s d =
0.81. These findings indicate that students who participated in Nearpod-supported learning showed a greater
change in learning outcomes than students who received conventional instruction. The findings provide
empirical evidence regarding the use of Nearpod as an interactive learning medium in vocational Informatics
education, particularly in Algorithms and Programming learning involving C and C++.
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1. INTRODUCTION

The development of digital technology has influenced the implementation of learning by providing
opportunities for teachers to combine instructional materials with interactive activities. In technology-supported
learning, the availability of digital tools alone does not necessarily ensure active student participation. The way
technology is integrated into learning activities can influence how students interact with learning content and
participate in the learning process. Research on Nearpod has reported its use in supporting student participation and
learning outcomes in different educational contexts [1], [2].

Informatics education requires students to develop not only conceptual knowledge but also logical
reasoning, computational thinking, and problem-solving abilities. These competencies are particularly relevant when
students learn programming because they need to understand relationships between concepts, instructions, syntax,
and program outputs. A study on programming education reported that a technology-supported collaborative
programming approach could improve students’ learning achievement and computational thinking tendencies [3]. In
addition, research on computational thinking integrated into school subjects has highlighted the importance of
learning activities that allow students to apply systematic approaches to problem solving [4].

The use of appropriate multimedia representations can also support students in processing instructional
information. Mayer's cognitive theory of multimedia learning explains that learners process information through
different cognitive channels and that instructional materials need to be organised appropriately to support
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meaningful learning [5]. Therefore, learning media should not only function as a means of delivering information but
should also provide opportunities for students to process and respond to the learning content.

These considerations are relevant to Informatics learning, particularly Algorithms and Programming.
Programming materials require students to understand programming language concepts, syntax, program
structures, sequences of instructions, program output, and programming errors. Students therefore need
opportunities to examine examples, respond to questions, practice concepts, and receive feedback during learning.

One digital platform that can integrate instructional materials and interactive activities is Nearpod. Nearpod
is an interactive learning platform that allows teachers to combine learning materials, student-response activities,
and formative assessment within a digital learning environment. Previous research has reported that the interactive
and gamified features of Nearpod can support students' learning motivation, attention, and engagement [6]. Nearpod
has also been investigated as a medium for promoting student engagement in English learning [7] and in Foreign
Language for Specific Purposes classes [8].

Several studies have also examined the relationship between Nearpod and learning outcomes. Violita and
Irawan examined the use of Nearpod in Indonesian language learning [9]. Bintoro et al. investigated the influence of
Nearpod on motivation and academic achievement [10]. Hidayat and Effendi examined Nearpod-based interactive
learning media in biology learning [11]. Rahman et al. investigated Nearpod within a Discovery Learning model and
examined students' learning outcomes in chemistry [12].

Nearpod has also been investigated in vocational education. Panduwinata and Az-Zahro examined the use of
Nearpod among Grade XI OTKP students at SMKN 4 Surabaya using a Nonequivalent Control Group Design. Their
study reported a statistically significant difference in learning outcomes between the groups [13]. Anandita et al.
examined Nearpod within a Discovery Learning model and investigated its relationship with students' motivation
and learning outcomes [14]. Nurmailia et al. examined a Nearpod interactive edugame and its relationship with
learning retention [15].

Other studies have examined Nearpod-based interactive learning media in science and secondary education.
Pinawadhani et al. used a quasi-experimental design to investigate Nearpod-based interactive media and learning
outcomes in an excretory system topic [16]. Hasan et al. investigated Nearpod-based interactive learning media and
students' economic literacy at the high school level [17]. Arsyad et al. examined Nearpod-based interactive learning
media using a Nonequivalent Control Group Design and investigated its relationship with IPAS learning outcomes
[18]. Perlawanan et al. also investigated Nearpod within a Discovery Learning model and examined its relationship
with learning outcomes [19]. Sari et al. also examined the use of Nearpod in flipped learning for primary mathematics
and reported improvements in students’ digital learning outcomes [20].

Although previous studies have examined Nearpod across various subjects and educational levels, research
on Nearpod-supported learning in vocational Informatics education, particularly in Algorithms and Programming,
remains limited. This study extends the existing research by examining how interactive Nearpod activities support
programming-related learning tasks, including understanding programming concepts and syntax, interpreting
program structures and outputs, developing simple programs, and identifying errors in code. Thus, the contribution
of this study lies not only in examining Nearpod as an interactive learning medium but also in investigating its use
within the specific context of Algorithms and Programming education.

At SMK Negeri 1 Kuningan, initial observation indicated that Informatics learning was still largely conducted
through conventional instruction, particularly teacher explanations supported by instructional videos. Students had
limited opportunities to participate in discussions, express their understanding, and interact directly with learning
materials. This condition indicates the need for an interactive learning medium that can combine instructional
content with activities requiring student responses.

In the present study, Nearpod was implemented through several interactive activities, namely Open-Ended
Question, Collaborate Board, Matching Pairs, Memory Test, Fill in the Blanks, and Time to Climb. These activities
provided opportunities for students to respond to questions, express understanding, match concepts, recall
information, complete learning tasks, and participate in interactive quizzes. The implementation was intended to
provide a more participatory learning environment during Informatics instruction.

Based on this research gap, the present study examines the use of Nearpod in Grade X Informatics learning
at SMK Negeri 1 Kuningan using a quasi-experimental design. The experimental group received Nearpod-supported
learning, while the control group received conventional instruction. Both groups completed pretests and posttests.

Therefore, this study aims to determine whether there is a statistically significant difference in changes in
learning outcomes between Grade X students who participated in Nearpod-supported Informatics learning and those
who received conventional instruction at SMK Negeri 1 Kuningan. The study focuses specifically on Algorithms and
Programming materials involving the C and C++ programming languages.

2. METHODOLOGY
2.1. Research Design

This study employed a quantitative approach using a quasi-experimental method with a Nonequivalent
Control Group Design. The design was selected because the research involved two pre-existing classes and did not
involve random assignment of individual students. The use of a quasi-experimental design is appropriate when
researchers compare existing groups under different learning treatments [21].
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The experimental group received Informatics learning supported by Nearpod, while the control group
received conventional learning using the instructional media and learning approach normally employed by the
teacher. Both groups were administered a pretest before the learning activities and a posttest after the learning
activities.

The study was conducted at SMK Negeri 1 Kuningan during the second semester of the 2025/2026 academic
year. The research focused on Informatics, particularly the Algorithms and Programming topic covering the C and
C++ programming languages.

The learning competencies included understanding programming language concepts, identifying the history
and differences between C and C++, understanding basic program structures and syntax, determining program
output, understanding the steps for creating simple programs, understanding the installation of an Integrated
Development Environment (IDE), and identifying errors in program code. The research design is presented in Table
1.

Table 1. Nonequivalent Control Group Design

Group Pretest Treatment Posttest
Control 01 X1 02
Experimental 0s X2 04

Note:

0, = Pretest of the control group

0, = Posttest of the control group

03 = Pretest of the experimental group
0, = Posttest of the experimental group
X1 = Conventional learning

X, = Learning using Nearpod

2.2. Intervention Procedure

The intervention was conducted over two meetings within a two-week period, with each meeting lasting
approximately 160 minutes. Both the experimental and control groups received the same Algorithms and
Programming learning content and learning objectives. The difference between the two groups was the learning
approach and instructional activities used during the intervention.

In the experimental group, Nearpod was used to present learning materials and support interactive learning
activities. The Nearpod activities used during the intervention included Open-Ended Question, Collaborate Board,
Matching Pairs, Memory Test, Fill in the Blanks, and Time to Climb. These activities engaged students in answering
questions, participating in discussions, matching related concepts, completing learning tasks, and responding to
interactive quizzes.

During the first meeting, the teacher delivered the Algorithms and Programming learning materials using
Nearpod and guided students through the interactive activities. Students followed the presented materials and
participated in the Nearpod activities under the teacher's guidance. During the second meeting, Nearpod was
primarily used to present the learning materials through slides. The learning activity was then continued with
practical programming activities in the computer laboratory. Students installed Dev-C++ and practiced creating a
simple C++ program that required them to input their name and year of birth and display their calculated age as the
output. The teacher guided students during the installation and programming practice and provided assistance when
students encountered difficulties.

In the control group, the same learning content and learning objectives were delivered using the
conventional learning approach and instructional media normally used by the teacher. Students followed the
teacher's explanations, studied the learning materials, and participated in the planned learning activities.
Programming practice was also conducted in the computer laboratory according to the learning activities planned by
the teacher.

To maintain treatment fidelity, both groups received the same learning content, learning objectives, and
intervention period. The main difference between the groups was that the experimental group received Nearpod-
supported interactive activities, while the control group followed the conventional learning approach and
instructional media normally used by the teacher.

2.3. Population and Sample

The population consisted of 660 Grade X students at SMK Negeri 1 Kuningan during the 2025/2026 academic
year. The sample was selected using purposive sampling based on specific considerations related to the
implementation of the research. Grade X APHP 2 was selected as the experimental group, while Grade X TKR 1 was
selected as the control group based on the Informatics teacher's recommendation. Both classes were taught by the
same teacher, followed the same curriculum, studied the same Algorithms and Programming content, and had not yet
received the selected learning material before the intervention. The two classes also had access to the same computer
laboratory and comparable learning facilities. The selection of the classes was therefore based on their suitability for
receiving the planned learning treatment under comparable instructional conditions.

Because the classes were pre-existing and were not randomly assigned, the sampling procedure may have
introduced selection bias. To reduce the potential influence of differences between the groups, the study used the

Adinda Mursallina Karjaya 0o 111



Bigint Computing Journal, Volume 4, Issue 2, 2026, pp. 109-118 ISSN: 3032-5374

same teacher, curriculum, learning content, computer laboratory, and comparable learning facilities for both groups.
Pretest scores were also collected to identify the students' initial learning outcomes before the intervention.

The initial sample consisted of 71 students. However, three students did not complete the entire research
process. Therefore, 68 students were included in the final analysis, consisting of 34 students in the experimental
group and 34 students in the control group.

2.4. Research Procedure

The research procedure began with the determination of the experimental and control groups using
purposive sampling. After the groups were determined, both groups were administered a pretest to identify their
initial learning outcomes.

The experimental group subsequently participated in learning activities supported by Nearpod, while the
control group participated in conventional learning using the learning media and instructional approach normally
employed by the teacher.

After the learning activities were completed, both groups were administered the same posttest. The pretest
and posttest data were subsequently analyzed statistically to determine whether there was a difference in changes

in learning outcomes between the two groups.

Purposive Sampling

Experimental Group Control Group

Nearpod-Supported | Conventional Learning l
Learning

Posttest Posttest

Data Analysis

Conclusion

Figure 1. Research Procedure

2.5. Data Collection and Research Instruments

Data were collected through tests, observations, and documentation.

The primary instrument used to measure student learning outcomes was a 10-item multiple-choice
achievement test administered as both the pretest and posttest. The 10 items were selected from an initial set of 20
items based on the results of item analysis.

Before the main research, the Nearpod-based learning medium was validated by a media expert to assess its
suitability as an interactive learning medium. The learning achievement test was reviewed by a subject-matter expert
to determine the correspondence between the learning indicators, instructional materials, and test items.

The initial 20-item achievement test was then administered to students outside the research sample to
examine item characteristics, including validity, reliability, difficulty level, and discrimination index.

Table 2. Research Variables and Data Collection Techniques

Variable Instrument Data Collection Technique Data Source

Use of Nearpod Learning implementation observation sheet =~ Observation Teacher and students
Learning outcomes Multiple-choice test (pretest-posttest) Test Students

Research documentation  Activity documentation Documentation School

2.6. Learning Achievement Test Blueprint
The learning achievement test was developed based on the competencies and learning achievement
indicators for Algorithms and Programming, particularly the C and C++ programming language subtopic.

Table 3. Blueprint of the Informatics Learning Achievement Test

Competency Learning Achievement Indicator Item Number
Understanding programming language concepts Explaining the definition of a programming language 1
Understanding the history of C and C++ Identifying the history of C and C++ 2
Understanding the differences between C and C++ Analysing the differences between C and C++ 3-4
Understanding the basic structure of C++ programs Identifying the basic structure of a C++ program 5-6
Understanding the use of basic syntax Explaining the functions of basic syntax, such as cout, cin, and 7-9

others
Understanding program development procedures Arranging the steps for developing a simple program 10-11
Analysing program output Determining the output of a simple program 12-14
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Competency Learning Achievement Indicator Item Number
Understanding the IDE installation process Explaining the steps for installing Dev-C++ 15
Understanding simple program development Identifying the steps for creating a simple program 16-17
Analyzing programming errors Identifying errors in program code 18-20

2.7. Data Analysis

Data analysis was conducted using IBM SPSS Statistics version 25.

Descriptive statistics were first used to describe the learning outcomes of the experimental and control
groups. The analysis included the minimum score, maximum score, mean, and standard deviation.

Because the two groups had different initial pretest scores, the analysis focused on the change in learning
outcomes from pretest to posttest. For each student, a change score was calculated as the posttest score minus the
pretest score. The change scores were then compared between the experimental and control groups to examine
whether the improvement in learning outcomes differed between the two groups.

The normality of the change scores was examined using the Shapiro-Wilk test [22]. A significance value
greater than 0.05 was interpreted as indicating that the data did not significantly deviate from a normal distribution.

Homogeneity of variance was examined using Levene’s test. Because the change scores in both groups were
normally distributed and the variances were homogeneous, an Independent Samples t-Test was used to compare the
change scores between the experimental and control groups. Statistical significance was evaluated at a = 0.05.

To describe the magnitude of the standardised difference between the two groups, Cohen’s d was calculated
based on the difference between the group mean change scores and the pooled standard deviation [23].

3. RESULTS AND DISCUSSION
3.1. Instrument Analysis

Before being used to collect the main research data, the learning achievement instrument was analysed to
determine its quality and suitability for measuring students' learning outcomes. The pilot test was conducted with
23 students who were not included in the main research sample. The initial instrument consisted of 20 multiple-
choice items covering the Algorithms and Programming material, particularly the C and C++ programming languages.

The validity of the 20 dichotomously scored multiple-choice items was examined using the Pearson Product
Moment correlation with the assistance of IBM SPSS Statistics. Because the items were scored dichotomously, with
responses coded as 0 and 1, the item-level Pearson correlation provides a point-biserial form of item-total association
when the item score is related to a continuous total score. The Pearson correlation coefficient and its Sig. (2-tailed)
value were examined at the item level. An item was considered valid when the Sig. (2-tailed) value was below 0.05.

The analysis showed that 10 of the 20 items met the validity criterion, namely items 1, 2, 3, 4, 5, 7, 8, 14, 15,
and 18. The Pearson correlation coefficients of the retained items ranged from 0.429 to 0.801, with significance values
ranging from 0.000 to 0.041. These 10 items were retained for the final instrument.

Table 4. Item Validity Analysis

Item Pearson Correlation Sig. (2-tailed) Decision
1 0.592 0.003 Valid
2 0.619 0.002 Valid
3 0.686 <0.001 Valid
4 0.539 0.008 Valid
5 0.801 <0.001 Valid
6 0.389 0.067 Not Valid
7 0.755 <0.001 Valid
8 0.674 <0.001 Valid
9 0.027 0.901 Not Valid
10 0.271 0.211 Not Valid
11 0.137 0.532 Not Valid
12 - - Not Valid
13 0.201 0.357 Not Valid
14 0.568 0.005 Valid
15 0.744 <0.001 Valid
16 -0.025 0.911 Not Valid
17 0.272 0.208 Not Valid
18 0.429 0.041 Valid
19 0.220 0.313 Not Valid
20 0.385 0.070 Not Valid

*Item 12 could not be analysed because the response data were constant.

The reliability analysis was subsequently performed after the invalid items had been removed. Thus,
Cronbach's Alpha was calculated using the 10 retained items. The analysis produced a Cronbach's Alpha coefficient
of 0.887 (N = 10), indicating high internal consistency of the final achievement-test instrument.

To provide additional item-total evidence, the Corrected Item-Total Correlation values were also examined.
The retained items showed corrected item-total correlation values ranging from 0.319 to 0.746, providing additional
evidence of the consistency of the retained items with the overall test.

The retained 10 items represented several aspects of the intended Algorithms and Programming content.
Item 1 assessed the basic concept of programming languages; items 2 and 3 addressed the history and development
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of C and C++; item 4 addressed the identification of C and C++ usage; item 5 assessed basic program structure; items
7 and 8 assessed input and output functions; item 14 assessed program output interpretation; item 15 assessed the
use of an Integrated Development Environment (IDE); and item 18 assessed the identification of errors in program
code. Thus, the retained items represented several of the main content areas covered in the learning activities.

The difficulty analysis was conducted on all 20 items using responses from the 23 students in the pilot test.
The results showed four very easy items (20%), eight easy items (40%), five moderate items (25%), and three
difficult items (15%).

The discrimination analysis using Corrected Item-Total Correlation showed nine very good items (45%), two
good items (10%), one sufficient item (5%), six poor items (30%), and two very poor items (10%).

Table 5. Summary of Instrument Analysis

Analysis Result Interpretation
Validity 10 of 20 items were valid (50%) Items 1, 2,3,4,5,7,8, 14, 15, and 18 were retained
Reliability Cronbach's Alpha = 0.887 (10 items) High internal consistency
Difficulty 4 very easy (20%), 8 easy (40%), 5 moderate Most items were easy to very easy
(25%), 3 difficult (15%)
Discrimination 9 very good (45%), 2 good (10%), 1 sufficient Items that did not meet the validity criterion were excluded
(5%), 6 poor (30%), 2 very poor (10%) from the final instrument.

Overall, the item analysis resulted in 10 valid and reliable items that were subsequently used as the final
achievement test instrument for the pretest and posttest.

3.2. Descriptive Statistics of Learning Outcomes
Descriptive statistics were used to describe students' learning outcomes before and after the learning

activities.
Table 6. Descriptive Statistics of Students’ Learning Outcomes

Group Test N Min Max Mean SD
Control Pretest 34 10 90 47.35 18.799
Control Posttest 34 40 100 77.35 11.886

Experimental Pretest 34 10 90 37.06 16.055
Experimental Posttest 34 50 100 83.53 14.330

Both groups demonstrated an increase in their mean learning outcomes.

The control group's mean score increased from 47.35 in the pretest to 77.35 in the posttest, representing an
increase of 30.00 points.

The experimental group's mean score increased from 37.06 in the pretest to 83.53 in the posttest,
representing an increase of 46.47 points.

Thus, the experimental group showed a greater increase in mean score than the control group. The
experimental group also achieved a higher posttest mean, with a difference of 6.18 points compared with the control
group.

100

mmE Pretest
w Posttest

83.53

80 7735

60

Mean Score

40

20

Control Experimental
Group

Figure 2. Comparison of Mean Pretest and Posttest Scores

3.3. Normality Test of Change Scores

Because the main comparison focused on the change in learning outcomes, the normality test was conducted
on the change scores calculated as posttest minus pretest for each student. The Shapiro-Wilk test was used to
examine the distribution of the change scores [22].

Table 7. Results of the Shapiro-Wilk Normality Test for Change Scores

Group N Shapiro-Wilk Statistic Sig. Interpretation
Control 34 0952 0.140 Normal
Experimental 34  0.949 0.113 Normal
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The Shapiro-Wilk results showed significance values of 0.140 for the control group and 0.113 for the
experimental group. Both values were greater than 0.05, indicating that the change scores in both groups were
normally distributed. Therefore, the normality assumption for the Independent Samples t-Test was satisfied.

3.4. Hypothesis Testing
After the normality assumption was satisfied, homogeneity of variance was examined using Levene’s test.

Table 8. Levene’s Test and Independent Samples t-Test

Test Statistic df Sig.
Levene’s Test 3.018 1, 66 0.087
Independent Samples t-Test -3.322 66 0.001

The Levene’s test produced a significance value of 0.087, which was greater than 0.05. Therefore, the
variance of the change scores was considered homogeneous, and the “Equal variances assumed” row was used for
interpreting the Independent Samples t-Test.

Table 9. Group Statistics of Change Scores

Group N Mean Change Std. Deviation Std. Error Mean
Control 34 30.00 17.753 3.045
Experimental 34 46.47 22.814 3.913

The Independent Samples t-Test produced a t-value of -3.322 with 66 degrees of freedom and a significance
value of 0.001. Because the significance value was below 0.05, there was a statistically significant difference in the
change in learning outcomes between the experimental and control groups.

The mean difference was -16.471, with a 95% confidence interval ranging from -26.369 to -6.572. The
negative sign reflects the order in which the groups were entered into SPSS; descriptively, the experimental group
showed a greater mean increase than the control group.

The experimental group showed a mean change of 46.47 points, whereas the control group showed a mean
change of 30.00 points. The standardised mean difference was calculated using Cohen’s d and resulted in d = 0.81.
This indicates a substantial standardised difference in change scores between the two groups [23].

Because the research used pre-existing classes without random assignment and the groups differed in their
initial pretest means, the statistically significant difference should be interpreted as a difference in observed change
under the respective learning conditions rather than as definitive evidence of a purely causal effect of Nearpod.

3.5. Discussion

The results show that both the experimental and control groups experienced improvements in learning
outcomes after the learning activities. The experimental group increased from a pretest mean of 37.06 to a posttest
mean of 83.53, representing a mean increase of 46.47 points. Meanwhile, the control group increased from a pretest
mean of 47.35 to a posttest mean of 77.35, representing a mean increase of 30.00 points. The experimental group
therefore showed a greater increase in learning outcomes than the control group.

The comparison of change scores showed a statistically significant difference between the two groups. The
Independent Samples t-Test produced t(66) = -3.322 with p = 0.001. The experimental group had a mean change of
46.47 points, compared with 30.00 points in the control group. The standardised mean difference was Cohen’s d =
0.81. These findings indicate that the two groups experienced significantly different changes in learning outcomes
under the conditions of the study.

The findings are consistent with previous research reporting positive learning outcomes or participation
associated with Nearpod-based learning. Anggaretta et al. [1] reported improvements in learning outcomes and
student participation following the implementation of Nearpod-based interactive learning media. Maharani [2] also
examined Nearpod among Grade X vocational students using a quasi-experimental design and reported a significant
difference in learning motivation between the experimental and control groups. Although these studies examined
different outcomes, they provide relevant evidence that Nearpod can be incorporated into structured learning
activities involving existing classroom groups.

The present study extends this body of research to Algorithms and Programming education in vocational
Informatics learning. Unlike studies that examine Nearpod primarily in general subjects or in relation to motivation
and engagement, the present study involved learning tasks related to programming concepts, syntax, program
structures, program outputs, and identification of errors in C and C++ code. This context is important because
programming learning requires students to understand relationships between instructions, structures, and outputs
rather than only recall factual information.

The possible contribution of Nearpod in this context can be understood from the characteristics of the
interactive activities used during the intervention. Students participated in Open-Ended Question, Collaborate Board,
Matching Pairs, Memory Test, Fill in the Blanks, and Time to Climb. These activities required students to respond to
questions, recall information, connect related concepts, complete learning tasks, and communicate their
understanding. Therefore, the Nearpod implementation involved active responses during the learning process rather
than only presenting digital learning materials.
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The interactive activities may also support programming learning by providing repeated opportunities to
process and retrieve programming-related information. For example, Matching Pairs and Memory Test required
students to recall and associate related concepts, while Fill in the Blanks required students to retrieve specific
information. Open-Ended Question and Collaborate Board provided opportunities for students to express their
understanding and respond to programming-related questions. These activities can be relevant to learning
programming concepts because students need to distinguish syntax, recognize structures, and understand the
relationship between programming instructions and their expected outputs.

The use of interactive activities also provided opportunities for formative responses during the learning
process. Student responses could help the teacher identify concepts that were not yet understood and provide
clarification or feedback. In this way, the interactive features were not only used to make the learning process more
participatory but also provided information that could support instructional responses during the lesson. This is
relevant to multimedia-supported learning because students interacted with presented information while
simultaneously responding to learning tasks [5].

The relevance of active response and structured learning activities is particularly important in programming
education. Programming requires students to repeatedly apply concepts and interpret the consequences of
instructions. When students respond to questions about syntax, structures, or program outputs, they are required to
process the information rather than merely observe it. Recent research in programming education has examined how
instructional approaches and learning environments can support programming performance and computational
thinking [24]-[27]. Zhan et al. [24], for example, investigated task-driven collaborative learning in a high-school
programming course and reported differences in programming performance and computational thinking. Sun et al.
[25] examined different programming modalities and their relationship with programming behaviours, syntactical
errors, debugging processes, and knowledge performance. Aksakal and Kucuk [26] examined problem-based
programming education among secondary school students and reported improvements in computational thinking
performance. Chen et al. [27] investigated self-explanation approaches in secondary school programming and found
differences in computational thinking and programming behaviours. These studies demonstrate that programming
education involves specific learning processes that extend beyond general content delivery.

The present study did not directly measure computational thinking, algorithmic reasoning, or debugging
performance as separate variables. Therefore, the findings cannot be interpreted as evidence that Nearpod directly
improved these abilities. However, the Algorithms and Programming learning activities provided a context in which
students had to understand logical sequences, programming syntax, program structures, and outputs. The interactive
activities used in Nearpod may therefore be relevant as instructional support for these programming-related learning
processes by requiring students to actively process and respond to programming concepts.

The findings are also consistent with previous Nearpod research across different educational contexts.
Several studies have reported associations between Nearpod-based learning and student engagement, participation,
learning motivation, retention, or learning outcomes [6]-[20]. For example, Abdullah et al. [6] examined gamification
and interactivity in Nearpod, while Efendi [7] and Metaria et al. [8] examined student engagement. Other studies have
examined Nearpod in Indonesian language, biology, chemistry, economic literacy, IPAS, and other learning contexts
[9]-[20]. These studies provide broader evidence regarding the use of Nearpod as an interactive learning medium.
However, the present study adds a programming-specific context by examining learning outcomes in Algorithms and
Programming among vocational Informatics students.

The findings should nevertheless be interpreted in light of the research design. The experimental group had
a lower pretest mean (37.06) than the control group (47.35). Although the experimental group showed a greater
mean increase and a higher posttest mean, the difference in initial scores indicates that the groups were not
equivalent at baseline. The use of purposive sampling and intact classes also means that students were not randomly
assigned to the two treatments. Consequently, factors other than the learning medium may have contributed to the
observed difference.

For this reason, the statistically significant difference in change scores should be interpreted as evidence that
the two groups experienced different changes in learning outcomes under the respective learning conditions, rather
than as definitive evidence that Nearpod alone caused the difference. The change-score analysis provides a
comparison of improvement from pretest to posttest, but it does not eliminate all possible effects of baseline
differences or other characteristics associated with the pre-existing classes.

Within these limitations, the findings provide empirical evidence concerning the use of Nearpod-supported
learning in Algorithms and Programming education. The greater change observed in the experimental group, together
with the standardised mean difference of 0.81, indicates a substantial standardised difference in change scores under
the conditions of this study. However, this effect size should be interpreted together with the baseline difference and
the nonrandomized design.

The study has several limitations. First, the research involved only 68 students from two existing classes at
one vocational high school. Second, the study focused on Algorithms and Programming involving C and C++, so the
findings may not represent other Informatics topics. Third, purposive sampling and the use of intact classes limit the
generalisability of the findings. Fourth, the experimental group had a lower pretest mean than the control group,
which should be considered when interpreting the differences in learning outcomes. Finally, computational thinking,
algorithmic reasoning, engagement, and other related constructs were not measured as separate outcome variables
in this study.
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Future research could involve larger samples, more classes, and multiple vocational schools to improve the
generalisability of the findings. Further studies could also examine Nearpod in other Informatics topics and use
specific measures of programming performance, computational thinking, algorithmic reasoning, debugging ability,
motivation, or learning engagement. Research using random assignment where feasible, stronger baseline-
adjustment procedures, or repeated measurements could provide additional evidence regarding the contribution of
interactive digital media to programming education.

4. CONCLUSION

This study found a statistically significant difference in the change in learning outcomes between Grade X
students who participated in Nearpod-supported Informatics learning and those who received conventional
instruction. The experimental group showed a mean increase of 46.47 points, from a pretest mean of 37.06 to a
posttest mean of 83.53, while the control group showed a mean increase of 30.00 points, from a pretest mean of 47.35
to a posttest mean of 77.35.

The Independent Samples t-Test on the change scores showed a statistically significant difference between
the two groups, with t(66) = -3.322 and p = 0.001. The experimental group showed a greater mean change than the
control group, and the standardised mean difference was Cohen’s d = 0.81.

However, the findings should be interpreted cautiously because the study used a Nonequivalent Control
Group Design, purposive sampling, and pre-existing classes. The experimental group also had a lower pretest mean
than the control group, indicating that the groups were not equivalent at baseline. Therefore, the results should not
be interpreted as definitive evidence of a purely causal effect of Nearpod.

Within the conditions of this study, Nearpod-supported learning was associated with a greater change in
learning outcomes in Algorithms and Programming education involving C and C++ among Grade X vocational
Informatics students. The findings provide empirical evidence regarding the use of Nearpod as an interactive learning
medium in this specific programming-learning context.
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