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Abstract: Collaboration skills in the 21st century are becoming an important aspect in 
education and the professional world. This study aims to analyse the validity and reliability of 
collaboration skills instruments using the Rasch Model. Quantitative method with survey 
design was applied to 100 students of Physics Education Study Programme at Universitas 
Lambung Mangkurat. Data was collected through a questionnaire consisting of 20 items, and 
analysis was conducted to measure item difficulty as well as individual ability using Rasch 
Model. The analysis results showed that after data cleaning, the assessment instrument had 
good reliability, with Person Reliability reaching 0.80 and Item Reliability 0.90. Results also 
identified that the most difficult collaboration skills to achieve were individual accountability 
and personal responsibility, whereas positive interdependence was relatively easier to achieve. 
This research provides important insights for collaboration skills assessment instruments in the 
context of physics education practicum, as well as recommendations for improving 
collaboration skills.  
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INTRODUCTION 

In the 21st century, collaboration skills have emerged as an essential element in facing 
increasingly complex global challenges. Technological transformation and global workforce 
development have changed the way teams operate, where collaboration skills not only support 
individual success and organisational effectiveness, but also contribute to the advancement of 
society as a whole (Hendarwati et al., 2021). In the context of education, institutions have a 
great responsibility in preparing students for a world of work that highly demands collaborative 
skills, critical thinking, and creativity (Siswanto et al., 2020). Collaboration skills also play an 
important role in physics practicum, where collaboration not only deepens students' 
understanding of scientific concepts, but also supports the development of the "4Cs" - critical 
thinking, creativity, collaboration, and communication.  
In a practicum environment, students are faced with the challenge of working in teams, which 
improves individual learning outcomes while building a sense of community that is essential 
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for motivation and engagement in the learning process (Bryan et al., 2011). Collaboration skills 
provide a foundation for students to adapt to an increasingly interdisciplinary and collaborative 
professional world (Hall et al., 2018; Belli & Nenoff, 2022). Therefore, it is important to 
nurture collaboration skills in educational settings so that students are prepared to contribute 
meaningfully to scientific advancement in the future. However, the assessment of collaboration 
skills in physics practicum is often overlooked, despite its important role in the development 
of teamwork competencies among students. This gap in assessment can be caused by various 
factors, including methodological, structural and pedagogical shortcomings. Reliance on 
traditional assessment techniques that emphasise individual performance is one of the main 
problems. Many physics laboratories tend to focus on developing individual competencies, 
such as technical skills and conceptual understanding, without giving adequate attention to the 
evaluation of students' collaborative abilities. This potentially hinders students' understanding 
of the importance of collaboration in academic and professional contexts.  

The assessment of collaboration skills in physics practicum often faces various 
challenges that make the evaluation of students' cooperation skills less than optimal. One of 
the main challenges is the reliance on self-assessment, which is often less valid due to the 
subjectivity bias of the learners themselves. In addition, effective formative assessment is often 
lacking, so the opportunity to provide constructive feedback on the collaboration process is not 
maximised (Dhina et al., 2021). Assessment methods in the laboratory focus more on 
individual performance such as mastery of concepts and technical skills, often neglecting 
collaborative aspects. In many cases, assessment instruments in physics laboratories are 
designed to evaluate academic achievement in isolation, without considering how students 
interact and work together in groups. This creates gaps in assessment, as collaboration skills 
become an aspect that is less systematically measured. As a result, students are less prepared 
to face the challenges of the world of work that relies heavily on the ability to collaborate in 
teams. This shortcoming points to the need for a more comprehensive assessment method, 
which not only measures individual achievement, but also evaluates the effectiveness of 
interaction in teams.  

Challenges in the evaluation of collaboration skills also include reliance on self-
assessment which lacks validity and reliability (Dhina et al., 2021). The Rasch model is a 
statistical tool that is recognised as an effective method in measuring latent traits, including 
collaboration skills in educational contexts, particularly in physics practicum. It offers 
significant advantages over traditional assessment approaches, especially when dealing with 
ordinal data that is often not handled appropriately. The Rasch Model's advantage lies in its 
ability to convert ordinal data into interval measures, which allows for a more accurate 
comparison between student ability and item difficulty. In addition, the Rasch Model also 
addresses the issue of differential item functioning (DIF), which is important for ensuring 
fairness in assessment in diverse classrooms (Bennett, 2023). Through this approach, the 
interaction between students and assessment items can be analysed in depth, providing useful 
diagnostic insights for educators in identifying areas that require special attention (Widoretno 
& Hidayati, 2022; Bennett, 2023; Planinić et al., 2019; Aslanoğlu & Şata, 2023).  

Most previous studies have not provided a comprehensive solution to assess 
collaboration skills in physics laboratories. Many studies only focus on cognitive and technical 
aspects, so collaborative aspects are often overlooked. Therefore, this study aims to fill the gap 
by analysing the validity and reliability of collaboration skills instruments using the Rasch 
Model in the context of physics practicum. This research is expected to contribute towards a 
better understanding of students' collaborative competence.  
 
METHOD 

This study used a quantitative design with a survey method to systematically collect 
data on student collaboration skills in physics practicum. The research subjects consisted of 
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100 students of physics education study programme at Lambung Mangkurat University. 
Sampling techniques were used to ensure valid representation of the sample. The purposive 
sampling technique was used to ensure that the sample represented the relevant population, 
namely students who had participated in a series of physics practicum.  

The assessment instrument was developed based on an adaptation of collaboration 
theory and education, covering five indicators of collaboration skills: positive interdependence, 
face-to-face interaction, individual accountability and personal responsibility, communication 
skills, and group work skills. The instrument was designed to evaluate the extent to which 
students apply these skills in the context of physics experiments in the laboratory. The construct 
validity of the instrument was tested through assessment by experts in physics education and 
psychometrics, to ensure the relevance and accuracy of the instrument in measuring 
collaboration skills (Creswell, 2014). 

The collected data were processed using Excel software before being analysed with the 
Rasch Model through the Winsteps application. The Rasch model was chosen because of its 
advantages over classical analysis, especially in measuring in detail the level of item difficulty 
and individual ability on a logit scale (Stone & Wright, 1999; Sumintono & Widhiarso, 2015). 
Analyses include measuring item difficulty and individual ability using Mean Square (0.5 < 
MNSQ < 1.5), Z-Standard (-0.2 < ZSTD < +2.0), and Pt-measure Correlation (0.4 < Pt Measure 
Corr < 0.85). In addition, the evaluation included question distribution (splits), item reliability, 
and individual reliability. These analyses allowed the identification of potential problems on 
items or individuals as well as the assessment of the reliability and validity of the instrument. 

 
RESULTS AND DISCUSSION 

At the initial stage of the analysis, data cleaning was performed to detect and address 
the presence of extreme responses and misfit items, which could significantly affect the results 
of the analysis. 

Table 1. Summary of Statistics of N-100 Respondents (Pre-Data Cleaning) 

 
 Total 
Score   Count   Measure  

 Model 
Error  

Infit Outfit 

MNSQ  

 
ZST
D  

 
MNS
Q  

 
ZS
TD  

Mean 34.5 10.0 2.27 0.87     
Standard Deviation     4.1 .0 2.20 .39     
Max. 40.0 10.0 5.98 1.86     
Min, 22.0 10.0 -3.80 .66     

Real RMSE 1.00 
True 
SSD 1.95 

Separatio
n 1.95 Person Reliability .79 

Model RMSE  .95 
True 
SSD 1.97 

Separatio
n 2.07 Person Reliability .81 

Standard Error of person Mean= .22 
Cronbach Alpha person raw test reliability= .88 
 

Based on Table 1, before data cleaning, there are indications of significant outlier data, 
as seen from the maximum value in Measure which reaches 5.98. This extreme value indicates 
the presence of individuals with very high ability, which can be an outlier in the context of 
Rasch model measurement. The Rasch model is designed to measure continuous ability within 
a range, and extreme values may indicate that the individual is outside the expected range of 
measurement, making the model less effective for measuring differences between individuals 
at that level (Hidayat et al., 2023).  

Table 2. Summary of Statistic of N-88 Respondents (Post-Data Cleaning) 

  Count   Measure    Infit  Outfit 
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 Total 
Score  

 Model 
Error  MNSQ  

 
ZST
D  

 
MNSQ   ZSTD  

Mean 33.7 10.0 1,76 0.74 1.00 -0.5 1.04 -.08 

Standard Deviation     3.8    .0 1.84 .12 .54 1.25 .71 1.22 

Max. 39.0 10.0 4.66 1.08 2.83 2.86 3.75 2.54 

Min, 22.0 10.0 -3.8 .66 .12 -2.57 .11 -2.56 

Real RMSE .82 True SSD 1.63 Separation 2.00 Person Reliability .80 

Model RMSE .75 True SSD 1.67 Separation 2.23 Person Reliability .83 
Standard Error of person Mean= .20 
Cronbach Alpha person raw test reliability= .85 
 

In Table 1, before data cleaning, the maximum value in Measure reached 5.98, which 
indicates the presence of individuals with very high ability levels, but these are potential 
outliers. These outliers have the potential to distort model parameter estimates and result in 
measurement inaccuracies (Aguado et al., 2024). These extreme values indicate that there are 
respondents whose answers do not fit the Rasch model, both in terms of consistency and filling 
behaviour (Bueno-Sanchez et al., 2024). This is reinforced by the relatively large Standard 
Deviation (2.20 for Measure), indicating high variation between individuals. The Person 
Reliability value before data cleaning of 0.79 is also still in the good enough category, but still 
shows instability in measurement due to outliers (Aguado et al., 2024). 

After cleaning the data listed in Table 2, the data distribution became more 
homogeneous, as seen from the decrease in the maximum value of Measure to 4.66 and the 
decrease in Standard Deviation to 1.84. This indicates that individuals with extreme abilities 
have been removed, so that the data distribution is more even and in accordance with the 
assumptions of the Rasch model. In addition, the Infit and Outfit Mean Square (MNSQ) are 
close to 1.00, indicating that the data remaining after cleaning fit the model better. ZSTD values 
close to 0 also indicate that there are no significant mismatches in the resulting data, making 
the analysis more valid (Aguado et al., 2024). This reinforces the conclusion that the data 
remaining after cleaning is more representative and follows the assumptions of the Rasch 
model (Hidayat et al., 2023). 

The reliability of the instrument increased after data cleaning. Person reliability 
increased from 0.79 to 0.80 in Real RMSE, and from 0.81 to 0.83 in Model RMSE. This shows 
that the instrument became more consistent in measuring students' collaboration skills after the 
inappropriate data was removed. Although there was a slight decrease in the Cronbach Alpha 
value from 0.88 to 0.85, this decrease is considered reasonable because the removal of extreme 
outliers can reduce variation, but still maintain the internal consistency of the instrument at a 
high level (Huang et al., 2023). Separation values of 2.00 for person and 3.02 for item indicate 
that this instrument has a good ability to distinguish student ability levels and item difficulty 
levels. 

Table 3 Summary of Person and Item Statistics 
 Person Item 
N 88 10 
Measure (Logit)   
Mean 1.76 0.00 
Standard deviation 1.83 0.80 
Standard error 1.63 0.76 
Separation 2.00 3.02 
Reliability 0.80 0.90 
Cronbach's Alpha 0.85 
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Of the 88 respondents remaining after data cleaning, the average Measure (logit) of 
respondents was 1.76, with a Standard Deviation of 1.83. This shows that there is variation in 
collaboration ability between students, although the variation is still relatively controllable after 
the removal of outlier data. The Standard Error of 1.63 shows that the measurement error is 
relatively small, which means that this measurement can be considered quite accurate. The 
Separation level of 2.00 with Reliability 0.80 indicates that the instrument is able to distinguish 
groups of individuals based on their ability level quite well. With Person Reliability close to 
0.80, this instrument is considered to have a fairly reliable ability to measure student 
collaboration skills in physics laboratory practice. On the item aspect, the average Measure 
item is 0.00 (as expected in the Rasch model), with a Standard Deviation of 0.80, which 
indicates that there is little variation in difficulty between items. This can be considered positive 
as it shows consistency in the difficulty of each item given to students. 

Table 4. Respondent's of collaboration skills 
Indicators Logit Mean 
Positive interdependence  0,545 
Face-to-face interaction  -0,560 
Individual accountability and personal 
responsibility  

-1,025 

Communication skills  -0,210 
Group work skills, 0,135 

 
The results of this study indicate that student collaboration skills in physics lab 

practicum play a significant role in the successful implementation of experiments. Based on 
the analysis using the Rasch Model, there are variations in the achievement of each indicator 
of collaboration skills, which are then associated with student performance in the context of 
physics laboratory practicum. Based on Table 4, which presents the logit mean of the five 
indicators of collaboration skills, an in-depth analysis of student performance in each aspect of 
the measured collaboration skills can be conducted. The logit mean shows the relative position 
of students' ability towards each indicator, where a positive logit value indicates that the aspect 
is easier to achieve by the majority of respondents, while a negative logit indicates that the 
aspect is relatively more difficult to achieve (Leske et al., 2015).  

The positive interdependence indicator which has the highest logit mean value (0.545) 
indicates that students tend to be able to work well together in sharing responsibilities during 
practicum. This is in accordance with the findings of Khairani et al. (2024), where good 
collaboration skills can improve experimental efficiency. Positive interdependence is evident 
when students share roles in the task of assembling experimental equipment and collectively 
retrieving experimental data, where each member has certain responsibilities that contribute to 
the final result. 

The group work indicator with a positive logit mean (0.135) indicates that students are 
able to work together effectively in groups, although there is still room for improvement. In 
physics practicum activities, this skill is very important because the success of experiments 
often depends on good coordination between team members (Firmansyah, 2022). With good 
group work skills, students can divide tasks more efficiently, namely when arranging 
equipment or processing data, so that the experimental process runs more smoothly and has 
minimal errors. However, the communication and face-to-face interaction indicators showed 
negative logit means (-0.210 and -0.560), indicating difficulties in communicating effectively 
during the practicum. This could potentially lead to miscommunication, which could have a 
negative impact on experimental results, such as errors in tool settings or interpretation of 
experimental results. This difficulty can also slow down the experiment as team members 
cannot coordinate well in practical situations that require quick responses (Johnson & Johnson, 
2014). Therefore, communication skills should be given special attention in further 
development. 
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The indicator of individual accountability and personal responsibility which has the 
lowest logit mean (-1.025) indicates that students struggle to demonstrate personal 
responsibility while working in groups. This failure to assume individual responsibility can 
lead to other team members having to bear a greater burden, which ultimately decreases the 
efficiency and effectiveness of the experiment. Over-reliance on other members not only 
decreases group performance, but also reduces students' ability to learn independently in 
practical situations that demand personal responsibility (Cavaco et al., 2013). 

Collaboration skills in physics practicum are interrelated with each other. Effective 
communication can affect individual accountability, because through clear communication, 
each group member can better understand their respective roles and responsibilities (Kustijono, 
2018). Without good communication, coordination in the execution of experiments can be 
disrupted, which will reduce the overall performance of the group (Milton et al., 2022). In this 
study, difficulties in communication are evident from the low logit mean on the indicator, 
indicating that students need further development in this skill. Conversely, improvements in 
positive interdependence skills can strengthen group work, where students feel mutually 
supportive and understand that the success of the experiment depends not only on one 
individual, but on the cooperation of all team members. Students who have a strong 
understanding of the importance of collaboration tend to be more proactive in contributing and 
assuming responsibility, thus increasing the success of the practicum.  
The results of this study provide significant practical implications for the management of 
physics practicum in the laboratory. One of the implications is the need for a more structured 
learning approach in developing students' collaboration skills. For example, setting up a 
discussion session after each experiment can help students evaluate their collaboration 
performance, as well as understand the role of communication and responsibility in group 
performance. In addition, the use of a role rotation system, where each student takes turns 
leading the group during the experiment, can encourage increased individual accountability. 
 
CONCLUSION 

Based on the results of analyses conducted on the student collaboration skills 
assessment instrument using the Rasch Model, it was found that the instrument showed an 
adequate level of reliability, with Person Reliability of 0.80 and Item Reliability of 0.90 after 
data cleaning.Student collaboration skills varied, with positive interdependence as the easiest 
aspect to achieve, while individual accountability and personal responsibility were the most 
difficult to achieve. This study highlights the need for a more comprehensive assessment 
approach in physics practicum to improve students' collaboration skills, and provides a strong 
basis for the development of better collaboration skills assessment instruments in the future. 
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