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ABSTRACT

This century, education aims to prepare students with the skills needed to thrive in Society 5.0. This has
become the basis for ensuring comprehensive, impartial, quality learning and providing long-term learning
opportunities for all. Communication and collaboration are essential skills that students must possess to
effectively work in teams, solve problems, and adapt to dynamic environments. This study aims to reveal the
communication and collaboration skills profile through peer student assessment and laboratory activity self-
assessment. This research employs a case study method to analyze the differences between self-assessment,
peer assessment, and lecturer observation in practical activities. The subject of this research is fifth-semester
physics education students who take the Physics Experiment course. Before the laboratory activity begins,
students are divided into small groups. Students are given an observation questionnaire at the end of each
class to assess themselves and their group mates. In addition to self-assessments and peer-assessments, the
results of the lecturer's observations are also one of the data to provide more in-depth information on students’
collaboration and communication abilities.
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INTRODUCTION

The Society 5.0 era is a concept of a human-centered, technology-based society (Faridawati et
al., 2020). In this era, society is expected to address many challenges and social issues by
leveraging innovations born during the Industrial Revolution 4.0 to enhance the quality of
human life. A wide range of skills are essential for people in this era including critical thinking,
creativity, problem-solving and decision-making, communication, collaboration,
citizenship/culture, and character/compassion (Yusal et al., 2022). These skills are highly
sought after in the workplace, particularly by employers, with an emphasis on both oral and
written communication skills and effective collaboration (Andrian & Rusman, 2019; Rios et
al., 2020; Van Laar et al., 2020).

Collaboration and communication are crucial for citizens as they are fundamental skills for
adapting and thriving in a fast-paced era (Rios et al., 2020; Van Laar et al., 2020). Students
show communication skills when they can organize their thoughts, information, and findings.
They also can actively share information through various media, particularly in speaking and
writing. On the other hand, students exhibit collaborative skills when they can work together to
answer questions or solve problems, achieve shared goals, and engage in teamwork to complete
atask (Aslan, 2021; Malik & Ubaidillah, 2021; Saldo & Walag, 2020).
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Collaboration involves the reciprocal engagement of members in efforts to solve problems.
Shared goals, structural symmetry, high-level organization, interactivity, and mutual
interdependence characterize collaborative intuition. Developing intuitive explanations is
essential for creating learning opportunities for students. Collaboration can have a significant
impact on learning particularly for low-achieving students. Several components can influence
the effectiveness of collaboration in learning including student characteristics, group member
composition, and task characteristics (Lai, 2011; Malik & Ubaidillah, 2021; Partono et al.,
2021; Saldo & Walag, 2020).

However, despite the acknowledged importance of collaboration and communication
skills, research indicates that these skills are often overlooked in higher education settings,
particularly in physics education (DeBarger et al., 2011; Lai, 2011; Spies & Xu, 2018). One
approach to cultivating these competencies is through the integration of laboratory activities
and group assignments within university learning frameworks (Chongdarakul et al., 2021;
Mubhajir, 2023). Many students struggle to effectively communicate scientific findings and
collaborate efficiently in experimental settings. Therefore, this study aims to explore effective
strategies for enhancing these competencies in physics education, particularly through
structured laboratory activities and peer interactions. This research seeks to answer the
following questions: (1) How do students' self-assessments compare with peer assessments and
instructor observations in evaluating collaboration and communication skills? (2) What factors
influence the development of these skills in physics experiment courses.

To assess these skills, this study employs the Physics Experiment Student Assessment of
Collaboration and Communication Skills (PeSACCS). PeSACCS is a structured evaluation tool
that measures students’ ability to communicate scientific ideas, engage in discussions, and
collaborate effectively in laboratory settings. By integrating multiple assessment perspectives,
including instructor observations as a control measure, PeSACCS ensures a more objective and
comprehensive evaluation of students' competencies.

METHODS

Research Design

This study employs a case study method (Creswell & Creswell, 2017), with the research
subjects comprising all students enrolled in the physics experiment course within the Physics
Education program. This course is a compulsory component of the curriculum for prospective
physics teachers. The laboratory activities were designed following the problem-solving
laboratory steps according to Heller (Heller et al., 1992).

Research Procedures

In this research, experimental topic focused on determining the local gravitational acceleration
was selected. The procedures utilized by students varied among groups: some employed the
harmonic motion method using a pendulum, while others applied the concept of collisions in
free-fall motion. The experiments were further facilitated by technological tools, such as the
Phyphox application. The experimental syntax included the following stages: problem
identification, data collection, data analysis, and the final stage of communicating findings and
constructing a scientific product (Chongdarakul et al., 2021).
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Instrument and Data Collection

The instruments used in this study are a questionnaire based on PeSACCS (Peer and Self-
Assessment for Collaboration and Communication Skills) and an observation sheet for lecturers
based on the rubrics of the Buck Institute of Education (BIE, 2013). The self- and peer-
assessment questionnaire, alongside observation, was chosen because authentic assessment can
enhance students' learning experiences by increasing their engagement, improving their
satisfaction, and positively influencing their efforts to achieve educational goals (Kearney &
Perkins, 2014). The indicators of collaboration skills used in this study include: 1) taking
responsibility for oneself, 2) helping the team, and 3) respecting others. Meanwhile, the
indicators of communication skills employed are: 1) explanation of ideas and information, 2)
organization, and 3) technology skills.

In the self-assessment questionnaire, there are three statement options for each indicator,
covering both collaboration and communication skills. The first statement represents the Below
Standard level, the second represents Approaching Standard, and the third represents At
Standard (BIE, 2013). However, the order of these statements is not the same for every question;
they are randomized to prevent students from consistently selecting only options 1, 2, or 3.
Additionally, all statements in the questionnaire are formulated in a positive manner to
encourage constructive self-reflection.

Data Analysis and Interpretation

In this research, data was collected after students finished their experiment class by filling out
both peer- and self-assessment surveys. Students were instructed to evaluate their teammates'
performance based on their own preferences. Prior to this, the instructor had provided
guidelines on how to complete the assessments. Meanwhile, observers carried out their tasks
throughout the experiment by assessing students' communication and collaboration skills. The
number of observers was adjusted according to the number of groups, meaning that each group
had one assigned observer.

The data from observers and students were then processed and analyzed to determine the
correlation among the three assessments. This was done to examine the consistency between
observer ratings, peer assessment, and self-assessment profiles. The profiles were analyzed by
converting the score data into percentage values for peer, self, and observation assessments.
The percentage was obtained by dividing the total score by the maximum possible score and
multiplying by 100%. The results were then classified into percentages for each standard.

To determine the relationship between self, peer, and observer assessments, a correlation
test was conducted. In this case, the scores obtained from peer, self, and observer assessments
for each student were compared. If the correlation result is positive, a value of 1 indicates a
perfect positive linear correlation between two variables. The closer the value is to -1 or +1, the
stronger the relationship between the variables(Ratner, 2009). A correlation value above zero
indicates a positive correlation, while a value below zero indicates a negative correlation. A
positive correlation signifies a direct relationship between the variables being tested.
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RESULTS AND DISCUSSION

Results

The profile of collaboration skills is presented as a percentage of students demonstrating
collaboration skills based on the specified indicators. Table 1 provides a summary of the
percentage of collaboration skills observed over three sessions.

Table 1. Summary of Students' Collaboration Skills

Precentage 1 (%0) Precentage 2 (%) Precentage 3 (%)

Level Indicator Indicator Indicator

1 2 3 1 2 3 1 2 3
At standard 13 1875 3125 1875 4375 4688 375 71.88 68.75
Approaching 2813 71.88 313 8125 5625 53.13 625 28.13 31.35
standard Peer
Below 5038 9.38 65.63 0 0 0 0 0 0
standard

At standard 6563 46.88 56.25 65.63 46.88 56.25 65.63 46.88 56.25
Approaching 2813 25 4375 2813 25 4375 2813 25 4375
standard Self
Below 612 2813 0 625 2812 0 625 2813 0
standard

At standard 0 4688 5938 938 4375 75 2813 56.25 78.13
Approaching

o Observation 625 25 ~ 4063 90.63 5625 25 7188 4375 21.88
Below

standard 375 2813 0 0 0 0 0 0 0

Table 1 shows an increase in the number of students demonstrating collaboration skills at
the standard level, along with a decrease in the percentage of students at the approaching
standard and below standard levels across each session. Figure 1 presents the average
percentage of students' collaboration skills based on observation assessments, peer assessments,
and self-assessments over three sessions.

Peer Observasi

4.1

14.93 38.05

55.56

Self

11.45
u At Standard

= Approaching

56.25 Standard

Below Standard

Figure 1. Average Percentage of Collaboration Skills
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Figure 1 illustrates the average percentage of collaboration skills based on observer
assessments, showing that the majority of students fall within the approaching standard level,
with a percentage of 55.56%. This finding aligns with peer assessment results, where the highest
percentage of students, 46.18%, also falls into the approaching standard level. However, unlike
the observer and peer assessments, self-assessment results indicate that most students are
categorized at the standard level, with a percentage of 56.25%. Despite these differences, in all
three assessment methods—observer, peer, and self-assessment—the lowest percentage is
consistently at the below standard level, indicating that only a small proportion of students
exhibit collaboration skills at this level. Following the analysis, percentage scores of
collaboration skills were determined for each session, and a correlation test was conducted
between the scores from observer assessments, peer assessments, and self-assessments to
evaluate the reliability of the collected data. The results of this analysis are presented in Table
2.

Table 2. Recapitulation of Collaboration Skills Reliability Test

. Correlation
Session Observation -Peer Observation -Self Peer-Self
1 Positive Positive Positive
2 Positive Positive Positive
3 Positive Negative Positive

Another skill assessed in this study is communication. The selected indicators include the
use of various media, effective communication of ideas, and technological proficiency. Table
3 provides a summary of the percentages of communication skills demonstrated over three
sessions.

Table 3. Summary of Students' Communication Skills

Precentage 1 (%0) Precentage 2 (%) Precentage 3 (%0)
Level Jenis Indicator Indicator Indicator

1 2 3 1 2 3 1 2 3
At standard 0 125 59.36 9.38 4375 75 28.13 56.25 78.13

Approaching 625 875 40.63 9063 5625 25 71.88 43.75 21.88

standard Peer

Below 375 0 0 0 0 0 0 0 0
standard

At standard 3125 25 25 3125 25 25 3125 25 25

Approaching 59.38 68.75 75  59.38 6875 75 59.38 68.75 75

standard Self

Below 938 625 0 938 625 0 938 625 0
standard

At standard 0 938 100 25  21.88 100 34.38 46.88 100
Approaching

s Observation 100 7188 0 75 7813 0 6563 5313 0
Below 0 1875 0 0 0 0 0 0 0
standard
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Based on Table 3, it can be concluded that there is a consistent increase in the number of
students demonstrating communication skills at the at standard level in each session,
accompanied by a decrease in the percentage of students at the approaching standard and below
standard levels. Figure 2 presents the average percentage of students’ communication skills
based on observer assessments, peer assessments, and self-assessments over three sessions.

Observer Peer
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Figure 2. Average Percentage of Communication Skills

Figure 2 presents the average percentages of communication skills based on observer, peer,
and self-assessments. The majority of students fall within the approaching standard level, with
49.31% in observer assessments and 55.56% in peer assessments. In contrast, self-assessments
show that nearly half of the students are at the standard level. Across all assessment methods,
the below-standard level consistently shows the lowest percentage, indicating only a small
number of students with minimal communication skills. A correlation analysis was conducted
to evaluate the reliability of the data, and the results are summarized in Table 4.

Tabel 4. Recapitulation of Communication Skills Reliability Test

Korelasi
Pertemuan Observation -Peer Observation -Self Peer-Self
1 Positive Positive Positive
2 Positive Positive Positive
3 Positive Positive Negative
Discussion
Collaboration Skills

The collaboration skill data in this study were obtained through observations using observation
sheets and questionnaires. The assessment of collaboration skills was limited to the indicators
of assuming responsibility for the group, assisting the team, and showing respect for others.
Data analysis revealed an improvement in students' collaboration skills across each session, as
reflected in the at standard, approaching standard, and below standard levels.
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Reliability testing, conducted to assess the consistency of evaluations between observer,
peer, and self-assessments, indicated a positive correlation among the three assessment
methods. This suggests that the results accurately reflect the actual conditions observed in the
field. However, in the third session, a negative correlation between self-assessment and
observer assessment was observed. This may be attributed to students' overconfidence in their
abilities or a lack of maximal effort during the experiment, despite possessing the necessary
skills (Rafiola et al., 2020).

Based on Figure 1, the percentage of collaboration skills, as assessed by both observers and
peer assessments, shows improvement at each at standard level, indicating a qualitative
enhancement across sessions. This is likely due to the fact that, during the first session, students
were not yet accustomed to collaborating with randomly assigned group members, resulting in
suboptimal task distribution. Some students focused solely on solving the problems, while
others merely took notes. Over time, these activities, when practiced regularly, contribute to the
development of collaboration skills (Endres et al., 2021; Valtonen et al., 2021).

In addition to the peer-assessment results, collaboration skills were also measured using a
self-assessment questionnaire. The questionnaire consisted of nine statements, each with a
scoring range from 1 to 3. Data analysis revealed that students' collaboration skills remained
consistent across sessions, both at the at-standard, approaching-standard, and below-standard
levels. This differs from the observation results, which showed an increase in the percentage of
students demonstrating collaboration skills at the standard level across sessions.

The indicator with the highest percentage was “respecting others.” This indicator
consistently had the highest percentage in each session, both according to observer assessments
and peer assessments, with the percentage values presented in Table 2. This aligns with the
feedback from observers and analysis of video recordings during the lessons, which showed
that all team members demonstrated respect for others. The indicator of "respecting others" was
emphasized during laboratory activities but was particularly evident during the
"communicating” stage, where one group was asked to present the results of their project while
another group responded. Collaboration skills were further developed during the discussion
process (DeBarger et al., 2011; Lai, 2011; Partono et al., 2021).

The percentage values for the collaboration skill of taking responsibility for the group in
problem-solving are as follows: 12.50% for observer assessments, 22.92% for peer
assessments, and 65.63% for self-assessments at the at standard level. The final indicator,
helping the team, shows the following percentages: 37.50% for observer assessments, 44.79%
for peer assessments, and 46.86% for self-assessments.

The results of the observer and self-assessment evaluations differ somewhat, with peer
assessments sometimes showing higher percentages. However, for other indicators, self-
assessment results are higher. Interviews revealed that some students felt that certain group
members only listened to the opinions of those perceived as more intelligent. These students,
however, did not believe they were discriminating against others, but rather felt that some
members did not contribute ideas or suggestions.

Based on interviews with six students, it was found that while students felt responsible for
their group, they were unsure of what they should do to help the team, as some students did not
understand the project the group was working on. As a result, those members were considered
not sufficiently responsible for the group. Regarding the indicator of helping the team, interview
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data revealed that although students felt responsible, they believed they did not contribute much
to their groups.

According to the data shown in Table 1, the percentage of students at the at standard level
for the first indicator increased with each session, starting at 0% in the first session and reaching
28.13% in the final session. Similarly, for peer assessments, the percentage of collaboration
skills rated at 3 increased steadily across sessions, from 13%, to 18.73%, and to 37.50%. This
indicates that over time, students became more responsible within their groups, meaning by the
third session, students were more prepared to work in teams and better understood the project
information due to prior preparation. In other words, most students had become more
facilitative, supportive, and informative in completing the project (AlAli, 2024).

Similarly to the first indicator, the second indicator also showed a significant increase in
the percentage of students at the at standard level across each session. In the first session, the
percentage of collaboration, according to observer assessments, was 12.50%, rising to 81.25%
in the second session, and 56.25% in the third session. For peer assessments, the percentages
were 18.75% in the first session, 43.75% in the second session, and 71.88% in the third session.

These results indicate that over time, students became more skilled at helping the team,
particularly through active participation in group discussions. The group discussions became
more dynamic, with increased feedback provided by group members throughout the sessions.
This suggests that the experiment effectively facilitated the development of collaboration skills
(Aisyah et al., n.d.; Partono et al., 2021).

For the third indicator, respecting others, the percentages of observer and peer assessments
were as follows: 59.38% and 31.25% for the first session, 75% and 46.88% for the second
session, and 78.13% and 68.75% for the third session. In the first session, all indicators had the
lowest percentages, likely due to students not yet being accustomed to the group dynamics and
learning model. Nevertheless, the percentage for the respecting others indicator was already
relatively high starting from the first session. Thus, it can be concluded that project-based
problem-solving learning, particularly in experimental settings, emphasizes group-based
problem-solving, which fosters collaboration skills (Chongdarakul et al., 2021; Kurniahtunnisa
et al., 2023; Lestari et al., 2023; Muhajir et al., 2019).

In addition to project-based learning, various instructional activities that emphasize group
collaboration, such as games, can also enhance collaboration skills. Furthermore, activities like
reading sources can help students become responsible group members and assist the team.
Reading provides students with additional knowledge, enabling them to contribute more
effectively to solving the team's problems (Aslan, 2021; Chongdarakul et al., 2021).

Communication Skills

The data on communication skills in this study were obtained from observations using
observation sheets and questionnaires. Communication skills in this study are limited to the
indicators of using various media, communicating ideas and thoughts, and technology
proficiency. Based on the data analysis, it was found that the percentage of students'
communication skills increased across each session. The percentages of communication skills
for the three sessions are presented in Figure 2.

The results of the reliability test, aimed at determining the consistency of the assessments
between observers, peers, and self-assessments, indicate a positive correlation among peer, self,
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and observer evaluations. This proves that the processed results accurately reflect the actual
situation in the field. (Docktor & Heller, 2009; Hermawan et al., 2017). In the third session, a
negative correlation was found between self-assessment and peer assessment. Some students
believed they communicated their ideas effectively, but their group members felt that their
communication skills were lacking.

Based on the five percentage values for communication skills from both observations and
peer assessments, improvement was observed for each session, indicating a gradual
enhancement in quality. This is likely because, in the first session, students were not yet
accustomed to communicating with their randomly assigned group members, which led to
suboptimal communication. Several students were unable to use media effectively, and most
were not yet accustomed to using various media to communicate ideas, relying mainly on verbal
communication.

In addition to the observation and peer-assessment results, communication skills were also
measured through self-assessment questionnaires. The questionnaire contained nine statements,
each scored from 1 to 3. The results, presented in Table 5, show that students’ self-assessed
communication skills remained constant at the at standard level across each session. This differs
from the percentages of the observation and peer-assessment results, which increased each
session. These findings suggest that while students have potential in communication, they lack
confidence in this area, possibly due to insufficient practice. With regular practice, they would
likely gain confidence, as repetition is key to developing skills (Rafiola et al., 2020).

The communication indicator with the highest percentage of students at the at standard
level is the technology skills indicator, with 100% for observer assessment in each session and
71% for peer assessment. This aligns with the observers' comments and the analysis of video
footage from the lessons, which showed that all group members were proficient in using
technology, such as the internet, PCs, and smartphones.

Communication skills are generally practiced through project and experimental activities;
however, they can be easily observed during the data collection and communication stages,
where one group is asked to present the results of their project while another group provides
feedback. Through the discussion process, communication skills can be further developed (BIE,
2013).

The percentage of students demonstrating communication skills at the at standard level for
the indicator of communicating ideas is 26.04% for observer assessments, 37.50% for peer
assessments, and 25% for self-assessments. The percentage for the indicator of using various
media is 19.79% for observer assessments, 12.50% for peer assessments, and 31.25% for self-
assessments.

There are differences between the results of the observer assessments and self-assessments
for each indicator. However, the highest and lowest percentages for each indicator in the
observer and self-assessments are consistent. This differs from the collaborative skills discussed
earlier. Based on interviews with six students, it was found that students experienced difficulty
explaining their ideas to other group members. They felt that the students may not fully
understand what was being communicated, as knowledge is one of the factors that influences
communication (Ferrer et al., 2022; Valtonen et al., 2021).

Based on the data presented in Table 4, the percentage for the first indicator increased with
each meeting. This indicates that students became increasingly proficient in using various types
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of media to solve problems throughout the sessions. However, in the second and third meetings,
there was no further increase, which is believed to be due to the fact that the media used in the
project consisted solely of visual communication media. Examples of visual communication
media include articles, worksheets, and laptops, while interactive communication media, such
as the internet, and experimental support media, such as the Phyphox app, were not utilized as
extensively (Staacks et al., 2022).

Similar to the first indicator, the second indicator also showed a significant improvement
in each meeting, as evidenced by both peer assessment and observer ratings. This indicates that
over time, students became increasingly skilled in communicating ideas and concepts, allowing
them to communicate effectively and efficiently. It can be concluded that project-based and
experimental activities are effective in developing communication skills (Sirait & Amnie, 2023)

For the third indicator, which pertains to technological skills, the percentage based on
observer assessments was 100% for each meeting. Meanwhile, according to peer assessments,
the percentage of students in the "at standard™ category was 59.38% for the first meeting, 75%
for the second meeting, and 78.13% for the third meeting. In the first meeting, all indicators
had the lowest percentage, which is believed to be due to students' unfamiliarity with their
groups and the learning model. Nevertheless, the technological skills indicator showed a
consistently high percentage, starting from the first meeting and reaching its peak in the third
meeting.

Thus, it can be concluded that project-based problem-oriented learning, which emphasizes
collaborative problem-solving, effectively develops communication skills (AlAli, 2024; Azmi
& Festiyed, 2023; Saldo & Walag, 2020; Sirait & Amnie, 2023). This is because laboratory
activities involve discussions, which provide opportunities to develop collaboration skills. The
success of these discussions is contingent on students possessing adequate knowledge, as it
enhances their understanding and contributes to the development of communication skills.
Therefore, reading skills and literacy play a significant role in influencing communication
abilities (Partono et al., 2021; Spies & Xu, 2018)

CONCLUSION

It can be concluded that students' collaboration and communication skills are categorized as
good across all indicators, based on the analysis of observer, peer, and self-assessment results.
The use of self- and peer-assessments is highly effective in analyzing students' skill levels. The
three instruments mutually reinforce each other. Peer and self-assessment provide valuable
alternatives for observing collaboration and communication skills.
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