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1. Introduction

21st-century learning requires students to master critical thinking, problem-solving,
collaboration, and the ability to utilize technology in learning (Nurhayati et al., 2021;
Nursaya’bani et al., 2025). These skills can be developed through a learning process that
actively involves students (Septiyanti et al., 2021). However, in chemistry learning, student
involvement is often not optimal. This occurs due to an imbalance in understanding chemical
representations macroscopic, submicroscopic, and symbolic, which makes it difficult for
students to connect chemical concepts with everyday life and solve contextual problems (Safitri
et al., 2019). These difficulties result in a learning process that tends to be dominated by
memorization rather than a genuine understanding of the concepts and their application to real-
life contexts (Mejia & Padilla, 2025). This indicates that a learning model is needed that not
only emphasizes problem-solving but also develops students' chemical representation ability.

The Problem-Based Learning (PBL) model is a learning approach that is more relevant to
the demands of 2l1st-century learning, as it is student-centered, collaboration, and the
development of critical thinking skills in solving real-world contexts (Setiawan, 2021).
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Research conducted by Sunarya et al. (2024) suggests that the PBL model can significantly
enhance student learning outcomes, particularly when instruction is aligned with real-world
contexts. This finding aligns with the results of Kasanah & Ardhana (2024), who suggest that
the PBL model can enhance student engagement and enthusiasm in problem-solving and
connecting concepts to real-world contexts, thereby potentially optimizing the development of
students' chemical representation ability. This confirms that integrating the PBL model not only
develops critical thinking skills but also develops chemical representation ability.

In the era of globalization, the development of information technology demands a
transformation in learning by utilizing more interactive and relevant digital technologies
(Graham et al., 2023). This challenges educators to utilize digital media in visualizing abstract
concepts in chemistry learning (Lin & Wu, 2021). Therefore, in addition to using the PBL
model that encourages active student involvement in problem-solving, interactive digital media
that can visualize chemical representations comprehensively are also needed (Arsani et al.,
2020). Interactive digital media equipped with images, animated videos, and simulations can
effectively present information and facilitate the development of chemical representation ability
(Farida et al., 2017).

Nearpod (https://nearpod.com/) is one of the digital media that can be utilized because it
combines various features such as videos, texts, quizzes, and interactive activities in one web-
based platform that is easy to access without requiring ample storage space and is available for
free (Feri & Zulherman, 2021). The use of Nearpod has shown its effectiveness in encouraging
increased learning motivation among students in chemistry learning (Naumoska dkk., 2022).
Nearpod provides a web content feature to make it easier for teachers to insert and direct
students to external websites without leaving the learning session (Aryani dkk., 2023). In
addition, Nearpod provides features such as prepared learning videos that can be inserted into
the Nearpod platform so that students can watch videos without being interrupted by
advertisements. Using animated media, such as animated videos in chemistry learning, can
develop students’ chemical representation ability (Azzajjad dkk., 2020). This is proven by
comparing students' average chemical representation ability on chemical equilibrium material
taught with animation media, which reached 75.67 (macroscopic),79.17 (submicroscopic), and
72.58 (symbolic), higher than students who were not taught with animation media, which only
reached 59.72 (macroscopic), 20.69 (submicroscopic), and 54 (symbolic).

One of the topics that requires good chemical representation ability is electrolysis cells. This
topic requires an understanding of observable phenomena in both experiments and everyday
life (macroscopic), explanations at the particle level that cannot be directly observed, such as
electron movement (submicroscopic), and the ability to use symbols or equations representing
the reactions occurring in the electrolysis cell process (symbolic) (Sukmawati, 2019). Based on
the findings of Ahmad et al. (2021), most students often experience difficulties with this
material because they often misunderstand concepts at the particle level, resulting in negative
feedback. These findings are in line with the results of research by Anwar et al. (2024), which
showed that chemistry is still often taught at the macroscopic and symbolic levels of
representation, while the submicroscopic level is neglected, causing students to have difficulty
in understanding the concepts comprehensively (Mujibaturrahmi dkk., 2022). This is related to
the weak chemical representation ability of students, particularly in integrating the three levels
of representation comprehensively (Lin & Wu, 2021).
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Thus, integrating the PBL model with the use of interactive media, such as Nearpod, is a
relevant strategy for creating active and meaningful chemistry learning. Students are not only
involved in the problem-solving process but can also visualize chemical representations of
abstract concepts, such as electrolysis cells, through interactive media. This is supported by
research by Ilahi et al. (2022), which shows that the use of interactive media can improve
students' chemical representation ability with an average N-Gain score of 0.50 in the moderate
category.

However, to date, no research has been found that examines the integration of the PBL model
with Nearpod media to enhance chemical representation ability on electrolysis cell material.
This opens up opportunities for this study to contribute theoretically to the development of
problem-based chemistry learning models integrated with digital technology, while offering
practical implications for the effectiveness of chemistry learning and improving representation
ability through comprehensive visualization of chemical representation.

The novelty of this study resides in integrating the PBL model with the Nearpod media in
electrolysis cell material, which has not been widely researched to date. This study is expected
to enhance students’ chemical representation ability on electrolysis cell material through this
approach. Specifically, this study aims to describe students’ activities and abilities in
completing problem-based worksheets assisted by Nearpod and analyze the improvement of
students’ chemical representation ability in electrolysis cell material after implementing the
PBL model assisted by Nearpod.

2. Methods

This study used a pre-experimental method with a quantitative approach and a one-group
pretest-posttest design. This design was used to measure student performance before and after
treatment without a control group, thereby improving representation ability within the same
group (Sugiyono, 2017). The treatment involved applying the PBL model assisted by Nearpod
on electrolysis cell material.

The study participants were 36 second-semester Chemistry Education student enrolled in the
Basic Chemistry 2 course during the 2024/2025 academic year at UIN Sunan Gunung Djati
Bandung. Sampling was conducted using purposive sampling by selecting students who were
present and met the inclusion criteria, namely having completed the prerequisite course Basic
Chemistry 1, not having received material on electrolysis cells, and not having experience using
the Nearpod media in the learning process.

Learning follows five stages based on the PBL model syntax: problem orientation,
organizing students to learn, guiding group investigations, presenting results, and analyzing and
evaluating the problem-solving process. During the learning process, Nearpod media supports
it through the integration of videos and web content features, as well as other interactive features
that encourage active student participation in the investigation and group discussion processes.

Data collection was conducted using three types of instruments that had been validated by
three expert lecturers and tested prior to use in the research. Observation sheets were used to
monitor and assess the implementation of problem-based learning. Worksheets were used to
encourage active student participation and guide the process of investigation and problem-
solving in groups with the assistance of Nearpod (Marthin et al., 2024). The written test
consisted of 10 multiple-choice questions and two essay questions. The questions describe
chemical representation ability, including macroscopic, submicroscopic, and symbolic

This is an open access article under the HYPERLINK "https://creativecommons.org/licenses/by-sa/4.0/" CC BY-SA license.
Copyright ©2022 by Author. Published by Universitas Kristen Indonesia

46



Edumatsains, Volume 10 Issue. 1, July 2025, pp 44-59

representation, which are used to measure the improvement in students’ representation ability
before and after the treatment. The questions were analyzed using Anates software to assess
their validity, difficulty level, discriminating power, and reliability, and the results showed that
all questions were deemed suitable for use.

Data analysis was performed using descriptive and inferential statistical techniques. The
percentage of student activity was calculated from the observation results and grouped into five
categories of performance (ranging from very good to very poor). The scores on the student
worksheets were analyzed quantitatively to measure problem-solving skills and the
development of chemical representation ability, with grouping based on predetermined value
intervals. The pretest and posttest data were tested for normality using the Shapiro-Wilk test
with SPSS software. The normality test result indicate that the data are not normally distributed
(<0.05). Therefore, the Wilcoxon test was used to determine the significant difference between
the pretest and posttest results. If the significance value is <0.05, Ho is rejected, and Ha is
accepted, but if the significance value is >0.05, Ho is accepted, and Ha is rejected. After that, N-
Gain analysis was used to measure the increase in improvement in chemical representation
ability. The N-Gain value was obtained by comparing the difference between the posttest and
pretest scores and then dividing it by the maximum scores and the pretest scores. The
interpretation of the N-Gain test results is based on the criteria presented in Table 1.

Table 1. Interpretation of N-Gain (Sundayana, 2016)

N-Gain Score Category
G<03 Low
03<G<=<07 Medium
G>0.7 High

3. Result and Discussion

In the preliminary stage of the learning process, students were given questions that linked
the material on electrolysis cells to everyday phenomena, such as the application of metal
coating and purification, to stimulate their curiosity and establish an initial connection between
the concept of electrolysis cells and its application in the real world. After that, students took a
pretest and received an initial explanation of the basic concepts of electrolysis cells. Next,
students are divided into small groups to discuss and work on problem-based experiment
worksheets with assistance from Nearpod. This media provides interactive features such as web
content that inserts interactive electrolysis simulations from the Pearson Education website,
open-ended questions, draw it, and learning videos that support the visualization of chemical
representations. In addition, Nearpod encourages active student engagement during learning
(Paramita, 2023). In addition to presenting information in audio-visual form, students also
actively test and apply their understanding in solving contextual problems through simulations
and are encouraged to develop and use their chemical representation ability to analyze
problems, which is expected to positively impact improving their chemical representation
ability. An example of a simulation display through the web content feature of the Nearpod
media is shown in Figure 1
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Figure 1. Web Content Display of Electrolysis Simulation on Nearpod

Additionally, other interactive features used in this study are illustrated in the figure below.
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Figure 3. Open-Ended Question and Draw It Features on Nearpod

3.1. Students’ Ability in Completing Problem-Based Worksheets and Student Activities
during Learning

The student worksheets used in this study were experimental worksheets based on the PBL
model stages. These worksheets contained questions on developing chemical representation
ability in electrolysis cell material. The worksheets were completed in groups of six to seven
students. The worksheet is structured according to the PBL syntax, which consists of five
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stages: problem orientation, organizing students for learning, guiding group investigation,
presenting results, and analyzing and evaluating the problem-solving process.

The first stage is problem orientation, where students are instructed to observe images and
read texts regarding electroplating and metal purification presented in the worksheet. The
problems given at this stage can attract students’ attention, facilitate their understanding of
electrolysis cells, and help them formulate solutions to the problems given. This aligns with the
research by Tambunan et al. (2024), which found that the problem orientation stage in the PBL
model can increase students’ interest and motivate them to be more active in the problem-
solving process. Student activities during the problem orientation stage can be seen in Figure
4.

Figure 4. Student Activities during the Problem Orientation Stage

The second stage was to organize students to learn. Students were instructed to develop
central ideas, formulate problems, and make hypotheses based on the discourse presented. The
average score obtained at this stage was 88.88, which was interpreted as very good. These
results indicate that students could identify problems and formulate hypotheses relevant to the
discourse. Most groups could answer according to the relevant formulations and hypotheses
regarding the factors that affect metal plating and purification.

The third stage is guiding group investigations. At this stage, students are instructed to
conduct simulations using Nearpod to encourage them to investigate problems in depth. The
simulations conducted were on copper plating by nickel, copper purification, and nickel
purification with variations in time and electric current. After that, students completed nine
questions on the worksheet related to the simulations they conducted. The worksheet results
showed that the average score or this stage was 88.26, which was a very good interpretation.
This approach encourages active involvement and provides opportunities for students to hone,
test, and develop critical thinking skill. These findings align with the research by Pohan &
Rambe (2022). which indicates that implementing the PBL model can encourage students to
critical thingking in problem-solving. The following activities of students during the group
investigation guidance phase are shown in Figure 5, while examples of questions and answers
provided by students can be seen in Figure 6.
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Figure 5. Student Activities in the Group Investigation Guidance Stage
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Figure 6. Sample Questions and Answers from Groups 3 and 6

Based on one of the sample questions and student answers, both groups gave fairly good
answers. Students could describe the effect of adding time on the mass produced in the copper
purification process, as indicated by the increased number of ions involved in the anode and
cathode. The results indicate that most students could describe the copper purification process
macroscopic through illustrations of the apparatus and submicroscopic by describing the ions
involved in the process. This ability is evident from how students related changes in duration
to increases in the number of ions at the electrodes, indicating the mass of metal formed during
the purification process. These findings align with the results of Yusufet al. (2024), which show
that the longer the time used, the greater the thickness of the layer formed at the cathode. This
is due to the increased number of ions formed on the cathode surface during the extended time.

The fourth stage is presenting the results, where students are instructed to present the
simulation results and the work on the worksheet. The average group presentation score was
86.5, which was interpreted as very good. This achievement indicates that students can
effectively communicate their understanding of the material through structured presentations
supported by simulation results. These results align with Iftitahurrahimah et al., (2020) research,
which shows that the effective implementation of the PBL model can enhance students’
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communication skills in presenting discussion outcomes. Student activities during the
presentation of discussion outcomes can be observed in Figure 7.

|

Figure 7. Student Activities in the Discussion Results Presentation Stage

The fifth stage is analyzing and evaluating the problem-solving process, where students are
instructed to draw conclusions based on the simulation results. The worksheet results in
completing this stage, which obtained an average of 94.44. This achievement shows that
students can draw conclusions based on the problem-solving process through simulation. This
finding is consistent with the research Simangunsong et al. (2023), which shows that applying
the PBL model through an in-depth investigation and evaluation process can enhance students'
conceptual understanding and problem-solving skills.

Thus, the average score for student worksheet completion across all stages of PBL was
89.52, with all stages receiving a very good interpretation. This finding reflects the important
role of interactive media such as Nearpod in visualizing chemical representations and
encouraging active student engagement during the learning process. Table 2 recapitulates
problem-based worksheet assessments.

Table 2. Recapitulation of Problem-Based Learning Worksheet Assessment

No Learning Stages Average Score Interpretation

1 Organizing for Learning 88.88 Very good

2 Guiding Individual and Group 88.26 Very good
Investigations

3 Presenting the Results 86.5 Very good

4 Analyzing and Evaluating 94.44 Very good
Problem-Solving Processes
Mean 89.52 Very good

The results obtained from the worksheet aligned with the student’s activities during learning
using the PBL model. Two observers used observation sheets to observe the implementation
of student activities during PBL assisted by Nearpod. Figure 8 visualizes the data from
observing of student activities based on the PBL stages.
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Percentage of Student Activity at Each Stage of PBL
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Figure 8. Percentage of Student Activity Based on PBL Stages

Based on the graph above, the highest participation occurred in the stage of guiding group
investigations (100%) and presenting results (100%). This was followed by student orientation
to the problem (89%) and evaluation of the problem-solving process (83%). The high level of
student activity in this finding indicates active involvement and good cooperation in completing
the Nearpod-assisted worksheet. This finding is in line with the research by Nurlatipah et al.
(2025), which states that using Nearpod in the learning process using the PBL model has been
proven to increase active involvement, improve understanding, develop critical thinking skills,
and enhance learning effectiveness. The lowest participation was observed in the stage of
organizing students for learning (72.33%), which still falls within the good category. This is
attributed to insufficient collaboration and the reliance of some students on specific group
members to identify key ideas and formulate problems and hypotheses.

However, the average percentage of student activity in all stages of PBL was 88.86%,
which is interpreted as very good. This finding shows that the results obtained in the worksheet
assignment align with student activity during PBL assisted by Nearpod. This active
involvement allows students to more easily build a comprehensive understanding of concepts
through visualization, exploration, and discussion, thereby positively impacting the
development of their chemical representation ability. This aligns with the research by Kasanah
& Ardhana (2024), which shows that PBL learning using worksheets effectively develops
students’ chemical representation ability.

3.2. Impact on Chemical Representation Ability

The improvement in chemical representation ability was observed from the data obtained
from the pretest and posttest. The results of data analysis using the Shapiro-Wilk normality test
showed that the data were not normally distributed (p < 0.05), as shown in Table 3.

Table 3. Normality Test Result
Shapiro-Wilk

Statistic df Significance
Pre-test 0.871 36 <0.001
Post-test 0.955 36 0.145
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Based on the results, the data were not normally distributed. Therefore, the analysis was
continued using the Wilcoxon test. The Wilcoxon test results showed a significant difference
between the pretest and posttest scores (Z = -5.237, p < 0.001), indicating an increase in
students' chemical representation ability after the implementation of the PBL model assisted by
Nearpod on electrolysis cell material. The Wilcoxon test results are presented in Table 4.

Table 4. Wilcoxon Test Results
Statistical Test Z Significance
Wilcoxon -5.237 <0.001

Further analysis of this improvement was conducted by calculating N-Gain, which resulted
in an average of 0.68 (medium category). Students were grouped into three categories based on
their Basic Chemistry 1 scores (high, medium, and low). The results of the improvement in
chemical representation ability are shown in Table 5.

Table 5. Overall N-Gain Test Results

Achievement Test N-Gain Score Interpretation
No Group Pre-test  Post-test
1 High 24.67 75.96 0.67 Medium
2 Medium 20.77 74.02 0.66 Medium
3 Low 23.29 77.26 0.71 High
Mean 2291 75.74 0.68 Medium

The data above shows that the implementation of the PBL model assisted by Nearpod has a
positive impact on improving students’ chemical representation ability, with an average
medium improvement category in electrolysis cell material. This finding aligns with the
research by Ahmad et al. (2021) and Ilahi et al. (2022), which shows that interactive media,
such as animation and simulation effectively improve students’ chemical representation ability.
In addition, research by Kasanah & Ardhana (2024) states that applying the PBL model can
develop chemical representation ability compared to conventional learning models.

Unlike previous studies, this study specifically highlights the improvement of students'
chemical representation ability through the implementation of the PBL model assisted by
Nearpod on electrolysis cell material. In addition, it adds analysis of macroscopic,
submicroscopic, and symbolic representations. The integration of Nearpod in learning not only
increases student engagement but also provides visualizations that support chemical
representation ability. Nearpod interactive features, such as simulations, animated videos, and
quizzes, help students understand the electrolysis cell process from real phenomena to
explanations at the particle and chemical symbol levels. Thus, students’ chemical representation
ability can develop optimally compared to conventional learning not supported by technology.
This finding aligns with the research by Farida et al. (2017), which states that interactive media
such as animations, images, and simulations can facilitate the development of chemical
representation ability.
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3.3. The Improvement Based on Test Indicators and Chemical Representation

The improvement in students' chemical representation after the implementation of the PBL
model assisted by Nearpod on electrolysis cell material can be analyzed based on the N-Gain
value for each test indicator. There are two test indicators that combine two representations,
macroscopic and submicroscopic. The first indicator involves analyzing the results of the
electrolysis experiment and describing the movement of electrons and ions based on the
presented data, showing an improvement in the high category with an N-Gain value of 0.98.
This can be attributed to the learning process where students conducted simulations and
watched animated videos of the electrolysis experiment in Nearpod, which visualized the
macroscopic and submicroscopic representations in the form of experimental apparatus and the
movement of electrons and ions.

The second indicator in the combination of two representations, macroscopic and
submicroscopic, is analyzing the images of the experimental apparatus and the differences in
ions involved in the copper plating process by nickel, which is then re-plated with chromium,
showing an increase, but in the low category with an N-Gain of 0.10. This finding indicates that
some students are still unable to integrate the two representations, particularly in the
submicroscopic representation, by analyzing the differences in the movement of the ions
involved. This is consistent with the findings of Permatasari et al. (2022), who reported that
many students face challenges in the submicroscopic representation when visualizing and
interpreting particles such as ions and molecules.

The combination of two submicroscopic and symbolic representations consisting of one test
indicator, namely describing the movement of electrons and ions and writing the redox reaction
equation based on the picture presented, experienced an increase in the medium category with
an N-Gain of 0.61. This shows that students have been able to combine two representations,
namely submicroscopic and symbolic.

The combination of two representations, macroscopic and symbolic, consists of one test
indicator, namely analyzing the product produced from the electrolysis experiment based on
the standard reduction potential (E°) data presented, which experienced an increase in the high
category with an N-Gain of 0.81. This shows that students have been able to combine two
representations, namely macroscopic and symbolic. This finding aligns with the research by
Sukmawati (2019), which found that most students were able to use the pattern of combining
two representations, macroscopic and symbolic more effectively.

The combination of three representations, macroscopic, submicroscopic, and symbolic,
consists of four test indicators. The first indicator analyzes the relationship between current,
time, and mass of the substance formed at the cathode based on Faraday's law in the form of a
picture, showing an increase but in the low category with an N-Gain of 0.21. This finding
indicates that some students are still unable to integrate the three representations, particularly
at the submicroscopic and symbolic levels, as students were instructed to select images based
on the apparatus setup and the number of ions produced from Faraday's calculations. This is
consistent with the findings Elvina & Latisma (2022), who reported that only 9% of students
could understand the submicroscopic representation, which is still considered low.

The second indicator, in the combination of three representations, macroscopic,
submicroscopic, and symbolic, is analyzing the results of the electrolysis experiment based on
the data presented, which showed an increase in the high category with an N-Gain of 1.00. This
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finding indicates that students have been able to combine the three levels of representation. This
ability is evident from the students' answers, which write down the redox reactions that occur
symbolic and describe the movement of ions and electrons at the submicroscopic level and
relate them to the macroscopic phenomena observed based on the data. This is because the
implementation of the PBL model assisted by Nearpod, which presents animated videos and
interactive quizzes, helps increase student engagement in developing chemical representation
ability in electrolysis cell material. This finding is in line with the research Utari et al. (2017),
which shows that interactive animation media based on chemical representation effectively
improves students' chemical representation ability.

The third indicator in the combination of three macroscopic, submicroscopic, and symbolic
representations is analyzing images of the components of tools and materials used, describing
the movement of ions and electrons, and writing down the redox reactions that occur based on
the images presented, showing moderate improvement with an N-Gain of 0.64. The fourth
indicator involves analyzing electrolysis experiment data, with students instructed to describe
the components of the apparatus and materials at the macroscopic level, the movement of
electrons and ions at the submicroscopic level, and to write down the redox reactions that occur
symbolic, showing an improvement in the high category with an N-Gain of 0.72. This may have
occurred because, during the learning process, students conducted simulations and watched
animated videos of electrolysis experiments in Nearpod, which visualized macroscopic,
submicroscopic, and symbolic representations. This finding indicates that students could
integrate the three levels of representation coherently when the questions began with
macroscopic representation, followed by submicroscopic, and finally, symbolic representation.
This is consistent with the research Safitri et al. (2019). which found that students could
integrate the three levels of representation coherently when the question pattern started with
macroscopic representation, followed by submicroscopic, and finally, symbolic representation.

In symbolic representation, there is one test indicator, namely the application of the concept
of electrolysis to calculations based on the presented data, which shows an increase in the high
category with an N-Gain of 0.77. This increase may have occurred because, during the learning
process, students conducted simulations on Nearpod media, which generated experimental data,
and were then instructed to apply it to calculations included in symbolic representation. This
finding aligns with other studies, which indicate that the use of interactive simulation and
animation-based media, such as Nearpod, can help students visualize abstract chemical
concepts, thereby enhancing their conceptual understanding and chemical representation ability
(Ahmad et al., 2021; Lin & Wu, 2021). After analyzing the data based on test indicators,
improvements in ability at each level of chemical representation are evident from the average
N-Gain scores shown in Figure 9.
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Figure 9. N-Gain Score Based on Chemical Representation Ability

Based on the graph above, the highest increase was in symbolic representation ability,
followed by macroscopic representation, and finally submicroscopic representation. Overall,
the increase in all three levels of representation was in the medium category. These findings
reinforce that the integration of PBL model assisted by Nearpod not only encourages active
learning but is also effective in improving students’ chemical representation ability.

4. Conclusion

This study shows that integrating the PBL model assisted by Nearpod significantly improves
students’ chemical representation ability, trains critical thinking skills in problem-solving, and
active involvement in learning electrolysis cell material. The improvement in representation
ability can be seen from the N-Gain value, which is 0.68 (medium category). Learning activities
were carried out very good, with a percentage of 88.86%, and students’ ability to complete
worksheets showed very good results, with an average score of 89.52. These findings indicate
that combining the PBL model with interactive digital media such as Nearpod can be an
effective solution to help students understand abstract chemical concepts through visualizations
that support chemical representation. This study also contributes to developing digital
technology-based chemistry learning in higher education.
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