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1. Introduction

Chemistry subjects at the high school level consist of material that is arranged sequentially and
interconnected. This requires students to have a comprehensive understanding of chemical concepts so they do
not encounter difficulties in learning chemistry (Vonari et al., 2024). One of the materials studied in chemistry
at the high school level is chemical bonding. The topic of chemical bonding explains how atoms form bonds, both
with atoms of the same element and with atoms of different elements. Chemical bonds form because the atoms
that are bonded show greater stability, due to their lower energy levels compared to the energy levels of the
individual atoms when they are separate. The concepts in the chemical bonding material are abstract, which is
why many students find it difficult to understand chemical bonding material (Husain et al., 2022). Therefore,
chemistry learning requires media that can visualize abstract concepts to make them easier to understand.

Students are often struggle when learning about chemical bonding because they have difficulty
distinguishing between compounds with ionic bonds and compounds with covalent bonds (Putri & Yerimadesi,
2025). In addition, students also have difficulty correctly understanding the concept of the octet rule and how
metallic bonds form (Umar et al,, 2023). These problems also include students’ difficulty in understanding the
influence of chemical bonds on the physical properties of a compound (Widarti et al., 2018). This situation is
reflected in the learning outcomes for the chemical bonding material of 34 eleventh-grade students at a high
school in Surabaya, where 59% of them scored below the minimum passing grade of 75 out of 100. It was found
that the instructional media used were limited to PowerPoint slides, a whiteboard, and textbooks, resulting in
teacher-centered instruction and making it difficult for students to correctly understanding the abstract concept
of chemical bonding. Traditional learning media tend to position students as passive observers, whereas a strong
understanding of concepts requires an active learning process and immediate feedback. Therefore, the use of
effective learning media accompanied by an appropriate learning process is necessary to actively engage
students and provide feedback to evaluate their learning.

The appropriate use of learning media can help improve the effectiveness of the learning process and the
delivery of learning content (Wulandari et al,, 2023), as well as make it easier for students to understand the
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material and will lead to improved student learning outcomes (Hasan et al,, 2021). With the development of
technology, learning media nowadays are not limited to slides, books, and whiteboards but may also be created
in the form of interactive videos. In terms of content, interactive videos are no different from linear videos. The
difference lies in how assessment are delivered through interactive features in form of questions, which students
answer while the material is playing. The system automatically pauses the video when a question appears and
requires students to give an answer before playback can resume. According to research conducted by Waruwu
and Sitinjak (2022), interactive media has a positive impact on both students and educators. For students, the
quiz feature in interactive videos helps them identify their weaknesses in understanding concepts. For teachers,
students’ quiz answers provide insight into which concepts students have not yet understood, allowing teachers
to focus on those concepts during instruction in a way that aligns with students’ current understanding.
Research by Hidayah et al. (2023), attempted to integrate interactive videos with a learning model using STAD
design, the results showed that the use of interactive videos had an effect on students' conceptual understanding.
According to research Rahma et al. (2024) using interactive videos as a learning media can improve student
motivation and learning outcomes.

In addition to learning materials, assessment is also necessary during the learning process to determine
whether the learning activities implemented have facilitated students in achieving the desired learning
outcomes (Anisah, 2022). One assessment approach that actively involves students during the learning process
is Assessment for Learning. Assessment for Learning is a type of evaluation conducted during the teaching
program designed to monitor students’ daily learning engagement in instructional activities, thereby providing
feedback to both students and teachers (Maryanti et al., 2022). Feedback in Assessment for Learning helps
students reflect on and interpret learning concepts, enabling them to acquire accurate knowledge (Poerwanti &
Winarni, 2021). Research has shown that learning based on Assessment for Learning is effective in improving
student learning outcomes (Safithri & Muchlis, 2022; Dini & Muchlis, 2022).

According to research conducted by Hidayah and Permatasari (2025), several studies have been conducted
on the use of interactive videos in chemistry lessons, but the measured variable is an improved motivation in
chemistry learning. While there have been several studies on the application of assessment for learning to
improve learning outcomes in chemistry learning (Safithri & Muchlis, 2022; Dini & Muchlis, 2022), but there
have been no studies integrate interactive video media with the use of the assessment for learning approach to
improve learning outcomes. This study seeks to address this gap by examining how interactive videos, when
used with the assessment for learning approach, can enhance student learning outcomes in the topic of chemical
bonding.

The aim of this study is to determine the effectiveness of using interactive videos with an assessment for
learning approach in improving student learning outcomes on chemical bonding material. Through this study,
empirical evidence is expected to be obtained regarding the contribution of integrating the assessment for
learning approach into digital media toward strengthening students’ conceptual understanding and the
achievement of cognitive competencies.

2. Method

This study used a pre-experimental design with a one group pretest posttest design employing a
quantitative approach. This study involved a single group of subjects, namely the experimental group, which
was treated using interactive videos on chemical bonding material using the assessment for learning approach.
This design includes a pretest measurement followed by treatment and a posttest measurement for a single
group (Creswell & Cresswell, 2017), as illustrated in Figure 1. A one group pretest-posttest design was chosen
because it directly measures improvements in learning outcomes by comparing pretest and posttest scores after
the same group of subjects received the treatment (Sugiyono, 2019), which aligns with the objectives of this
study. Despite the limitations of this study, which stem from the inability to control external factors (Arib et al.,
2024), the constraints were primarily due to the classroom environment at the school where the research took
place. This setting prevented the randomization of participants or the formation of a control group without
interfering with the ongoing educational activities. Research by Pradita et al. (2026) suggests that employing a
single group with pre- and post-treatment assessments is more suitable. This approach helps reduce bias from
initial group differences and allows for direct observation of changes in learning outcomes.

01—)X_)02

Description:

0, = Pretest score before treatment

X = Treatment, use interactive videos based an assessment for learning approach
on chemical bonding material

0, = Posttest score after treatment

Figure 1. Research Design
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The population for this study consisted of 11th-grade science students at a high school in Surabaya,
Indonesia, who were studying chemistry. From this population, one class with 30 students was selected as the
research sample to serve as the single experimental group in accordance with a one group pretest-posttest
design. The sampling technique used was purposive sampling, which involves selecting a sample based on
specific criteria that align with the research objectives (Khoiroh et al., 2026). The criteria used for selecting the
sample were that the students had already studied the basic material before beginning the study of chemical
bonding, specifically atomic structure, electron configuration, valence electrons, and the periodic table of
elements, and that each student had an electronic device to access interactive video content. In this study, two
sessions were held, with each session focusing on one interactive video. Interactive video 1 provided an
introduction to chemical bonds and ionic bonds in 9 minutes, while interactive video 2 covered covalent bonds
and metallic bonds in 14 minutes. The interactive videos are used on the Wayground platform.

This study used a test method to measure students’ learning outcomes on the topic of chemical bonding.
This test method consisted of a cognitive test on chemical bonding, consisting of 16 pretest questions and 16
posttest questions, both in multiple-choice format, and the validity of the test instrument had been verified. After
obtaining the pretest and posttest scores, an analysis was conducted to determine the effectiveness of
interactive videos with an assessment of learning approach on the subject of chemical bonding in improving
learning outcomes, which can be seen from the increase in pretest-posttest scores. The pretest and posttest
results were analyzed using statistical tests and N-Gain analysis. The statistical test used was the Wilcoxon
Signed-Rank test, because the data were not normally distributed (Fitri et al., 2023). In addition, an N-Gain
analysis was also conducted to determine the detailed improvement in learning outcomes for each student. The
N-Gain analysis is calculated using Equation 1. The N-Gain scores were then analyzed based on the criteria for
improvements in student learning outcomes as shown in Table 1. The use of interactive videos with an
assessment of learning approach on chemical bonding material can be considered effective if at least 76% of
students achieve an N-Gain score of 2 0.3 on the medium and/or high criteria.

posttest score — pretest score
maximum score — pretest score

N — Gain (g) =

(1)

Table 1. Criteria Improvement of Learning Outcomes Based on N-Gain

N-Gain Criteria
g>0.7 High
0.72g20.3 Medium
g<03 Low

3. Results and Discussion
3.1. Results

3.1.1. Pretest-Posttest Scores

The learning outcome data in this study were obtained through tests administered before (pretest) and
after (posttest) the use of interactive video media with an assessment for learning approach on chemical
bonding material. The scores of 30 students in one of the 11th-grade classes are presented in graphical form in
Figure 2 and in descriptive statistics form in Table 2.

As shown in Figure 2, each student's pretest score improved compared to their posttest score. This
improvement occurred after the students learned about chemical bonding using interactive videos with an
assessment for learning approach.

Table 2. Descriptive Statistics of Pretest-Posttest Scores

Variable N Mean Minimum Score Maximum Score Std. Deviation
Pretest Scores 30 61.41 6.25 94.00 25.88
Posttest Scores 30 95.76 75.00 100.00 6.04

Based on Table 2, it can be seen that the use of interactive videos with an assessment for learning approach
has proven to have a significant positive impact on student learning outcomes. This improvement is shown in
the average score, which increased from 61.41 to 95.76. Additionally, the minimum student score also saw a
drastic increase from 6.00 to successfully reach the minimum passing score of 75.00, followed by the highest
score reaching a maximum score of 100.00.
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The Result of Pretest-Posttest Score
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Figure 2. The Results of Pretest and Posttest Scores
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3.1.1 Statistical Test Result

The Wilcoxon Signed-Rank test was conducted, resulting in a Sig. value of 0.000; if the Sig. value is less than
0.05, it indicates a significant difference between the posttest and pretest scores (Ahmadi et al., 2024). The
results indicate that there is a significant difference in student learning outcomes after using interactive videos
with an assessment for learning approach on the chemical bonding material.

3.1.2 N-Gain Analysis Result

The Wilcoxon Signed-Rank Test is a test that can only indicate the presence of a significant difference
between two variables (Ahmadi et al.,, 2024). In order to determine whether there has been an improvement in
learning outcomes, further analysis using N-Gain analysis is required. The recapitulation of N-Gain results is
presented in Table 3.

Table 3. Recapitulation of N-Gain Score Results

N-Gain Scores Criteria Frequency Percentage (%)
0.70 - 1.00 High 26 86.7

0.30 - 0.69 Medium 4 13.3

0.00 - 0.29 Low 0 0

Table 3 shows that 86.7% of students achieved high criteria and 13.3% achieved moderate criteria in terms
of improvement in learning outcomes, and there were no students who achieved low criteria. These results
indicate that the use of interactive videos with an assessment for learning approach is effective in improving
learning outcomes in the subject of chemical bonding.

3.2 Discussion

This study was conducted to learn about chemical bonding using interactive video media with an
assessment for learning approach. Because it used an assessment for learning approach, the learning process
involved several stages, including students setting learning goals, asking questions to assess students’
understanding during the learning process, providing feedback based on students’ answers, and reflecting on
the learning process to improve future learning (Black & Wiliam, 2009). The use of interactive video media is
integrated with the assessment for learning stages from the first through the fourth stage, with the interactive
video media utilizing the Wayground platform. The first stage involves an interactive video featuring open-
ended questions that students answer to set their own learning goals; this helps motivate students to achieve
their goals while learning (Zhang et al,, 2025). The second stage consists of multiple-choice questions in the
interactive video, which are used to directly assess students’ understanding after they have watched the video
material. According to research Ramasany et al. (2022), inserting questions at key moments in the video
encourages students to actively process information, so that interactive videos can increase student interest
while helping them become more active in the classroom. The question interface in the interactive video is
shown in Figure 3. The third stage involves providing feedback using the automatic feedback feature in the
interactive video. This automatic feedback feature has been set up for each answer option in the multiple-choice
quiz. Immediate feedback provided when answering quizzes in interactive videos is intended to help students
understand what they need to pay more attention to if their answer is incorrect, and to reinforce concepts for
better understanding. The quickness of feedback helps maintain students’ attention and relevance, addressing
the conventional weakness of delayed feedback, which can diminish students’ interest in learning (Rahmasari,
2025). The feedback screen that appears after answering a question in the interactive video is shown in Figure
4. The fourth stage is to reflect on the learning process that has occurred in order to improve future learning. At
this stage, an interactive video concludes with an open-ended question asking students to reflect on their own
performance, identify their strengths and weaknesses in learning, and design strategies for future learning. The
purpose of this is to ensure that students are no longer passive receivers of information but are actively involved
in the assessment process, so that they can manage, monitor, and evaluate their learning progress based on the
feedback they receive (Suciati & Mulyani, 2025).

—
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Figure 3. The Question Interface in Interactive Video
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Figure 4. The Feedback Screen After Answering Question

The findings of this study indicate that the use of interactive videos with an assessment for learning
approach has a significant impact in improving students' learning outcomes on chemical bonding material. This
is evidenced by the N-Gain analysis results presented in Table 3, which show that 100% of students achieved
moderate or high categories. The visualization of abstract concepts in chemical bonding material, combined with
the integration of interactive features within the video such as embedded questions that provide immediate
feedback, applies the core principles of assessment for learning can increase the learning outcomes. The
immediate feedback in interactive videos allows students to independently assess their conceptual
understanding before moving on to more complex concepts. These findings are supported by research by
Erawati (2025), which states that the use of audiovisual and interactive media, such as interactive videos, can
strengthen conceptual understanding through direct experience and motivate students with a more engaging
learning approach. Learning using assessment for learning, which involves students completing several stages,
such as setting learning goals, answering questions based on their understanding, receiving feedback to improve
their understanding, and self-reflection, can improve student learning outcomes (Fitria & Muchlis, 2026; Nisa et
al, 2026). Thus, the use of interactive videos with an assessment for learning approach can effectively improve
students' learning outcomes on chemical bonding material.

3.3 Implications

Theoretically, research findings indicate that the use of instructional media integrated with an assessment
for learning approach can support effective learning processes. In practice, for teachers and educators, this can
save valuable face-to-face time in the classroom, instead of spending time on one-way lectures that make
students less active, teachers can use interactive videos to deliver concepts in a self-directed manner, so that
class time can be allocated for higher-level discussions or collaborative projects. For students, this media implies
the growth of learning independence, where they have full control over their own learning pace without fear of
being left behind by their friends.

3.4 Limitations

Author realize that this study has several theoretical and methodological limitations that must be taken
into consideration when interpreting the results. The main limitation stems from the use of a one group pretest-
posttest design. The limitations caused by the classroom conditions at the school where the research was
conducted, which made it impossible to randomize subjects or form a control group without disrupting the
ongoing teaching and learning process. Without an equivalent control group, the significant increase in scores
from the pretest to the posttest cannot be attributed purely and absolutely to the learning intervention
(treatment) that was provided. From a cognitive psychology perspective, this design is highly sensitive to threats
to internal validity, such as the testing effect and the pretesting effect. According to Mera et al. (2025),
completing pretest questions, even though subjects make many errors because they have not yet been exposed
to the material, naturally triggers the pretesting effect. This process cognitively activates prior knowledge,
focuses the subjects’ attention, and optimizes the encoding of new information when they encounter it during
the treatment. Furthermore, administering a posttest also leverages the testing effect or retrieval practice, in
which the subjects’ memory is reinforced through repeated access to a similar assessment instrument (pretest-
posttest).

4. Conclusion

This study concluded that the use of interactive videos with an assessment for learning approach is
effective in improving student learning outcomes on chemical bonding material. Through interactive videos with
assessment for learning, students can identify their strengths and weaknesses in learning, enabling them to
create better learning plans to achieve their goals. This effectiveness is shown by the N-Gain scores, where 100%
of students achieved an N-Gain score higher than 0.3, with 86.7% of students achieved high criteria and 13.3%
achieved moderate criteria. These research results can be used by teachers and educators as a consideration for
using learning media based on assessment for learning in teaching, as well as by researchers to develop other
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learning media based on assessment for learning or to conduct replication using a true experimental design to
test students’ long-term memory retention more comprehensively.
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