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Abstract. This study aims to develop an assessment instrument on the Kinetic Theory of Gases
(Boyle's Law) to measure the conceptual understanding, collaboration skills, and learning
motivation of high school students in the context of the Independent Curriculum. The instrument
developed consists of 10 multiple-choice questions to measure conceptual understanding and 10
questionnaire statements for collaboration skills and learning motivation. The development
process follows systematic stages, including planning, expert validation, and empirical trials.
Content validity was analyzed using the Aiken V index, and it was found that all items were in
the high validity category. Empirical validation was carried out using the Rasch model through
Winsteps software, which showed that most items were in the statistical range of feasibility (Infit
MNSQ: 0.80-1.15 for conceptual understanding, 0.85—1.13 for collaboration, and 0.82—1.12 for
motivation). The reliability coefficient ranged from 0.74 to 0.85, indicating high internal
consistency. The distribution of the level of difficulty of conceptual understanding questions
includes easy (30%), moderate (40%), and complex (30%), thus reflecting balance. As many as
9 out of 10 conceptual understanding questions were declared valid and feasible, while all items
in the collaboration and motivation questionnaire were maintained. These results indicate that
the developed instrument is valid and reliable as a holistic assessment tool in physics learning,
supports the formative assessment that aligns with 21st-century competencies, and strengthens
collaborative character and lifelong learning motivation.
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1. Introduction

The advancement of education in the modern era necessitates a comprehensive evaluation of learning
that is not solely confined to the cognitive domain but also encompasses social and affective skills. A
critical dimension in science education, particularly physics, is achieving deep conceptual
understanding, which forms the bedrock for developing students' scientific reasoning [1-3].
Consequently, valid and reliable assessment instruments are indispensable for measuring learning
outcomes objectively and fairly.

The National Curriculum directs the learning approach toward fostering 2 1st-century competencies,
emphasizing critical thinking, collaboration, communication, and creativity (the 4Cs) [4—6]. Therefore,
assessment instruments must be capable of measuring not only conceptual understanding but also
students' collaboration skills and learning motivation. These three facets are intricately linked and vital
for supporting successful, meaningful learning.

One topic within high school physics that demands robust conceptual comprehension is the Kinetic
Theory of Gases, specifically Boyle's Law. This material involves theoretical concepts, yet is deeply
intertwined with experimentation and practical application. This makes it an ideal context for evaluation



302  JP2F, Volume 16 Issue 3 July 2025

using instruments grounded in both theory and practice [7-9]. The Boyle's Law practicum offers an
excellent opportunity to measure these three core aspects concurrently.

A high-quality assessment instrument requires development based on a structured scientific
approach, such as the instrument development theory proposed by Istiyono, which involves planning,
tryout, and validation phases [10]. The validation process includes content validity testing using the
Aiken's V index and empirical testing via the Rasch Model, which is proven effective for quantitatively
evaluating the quality of test items [11,12]. This rigorous methodology guarantees that the developed
instrument is not only theoretically sound but also tailored to the students' characteristics.

The measurement of collaboration skills is essential in contemporary education, as collaboration
stands as one of the primary competencies graduates must possess in the digital age [13-15].
Collaboration assessment cannot be achieved solely through written tests; it necessitates valid
questionnaires capable of accurately representing teamwork ability, effective communication, and
conflict resolution. Recent studies consistently show that students with stronger collaboration skills tend
to demonstrate superior academic outcomes [16—18].

Learning motivation is similarly a major determinant of educational success. Based on the theory
advanced by Sudjana and corroborated by contemporary studies, intrinsic motivation significantly
increases student engagement in the learning process, thereby driving achievement [20]. Consequently,
it is important for educators to be able to objectively measure students' motivation levels using valid and
dependable instruments.

The integration of the three aspects measured in this study, conceptual understanding, collaboration
skills, and learning motivation, reflects a holistic assessment approach to education. This aligns perfectly
with the new paradigm of educational assessment, which underscores the development of students'
whole competencies across cognitive, affective, and psychomotor domains [21-23]. Assessment tools
based on the National Curriculum must be designed to accommodate this diversity of competencies.

This research aims to develop a Kinetic Theory of Gases (Boyle's Law) based assessment instrument
that can measure these three pivotal aspects in high school physics learning. Through this approach of
theory-based instrument development and empirical validation, the findings are expected to make a
significant contribution to providing tools widely usable in physics education and research in Indonesia.
Furthermore, this development seeks to support the reinforcement of collaborative character and a
lifelong learning spirit.

Despite the widespread acknowledgment of the importance of measuring conceptual understanding,
collaboration skills, and learning motivation, and the high suitability of Boyle's Law material for
comprehensive evaluation, the literature review indicates a crucial instrumental gap. A single, fully
integrated assessment instrument that has undergone strict Rasch Model validation and can
simultaneously measure these three critical aspects within one specific high school topic is currently
unavailable. The development of this instrument introduces methodological novelty by not merely
compiling three separate measuring tools, but by designing them as a coherent, unified package to
evaluate student performance within the context of the Boyle's Law practicum. Thus, this study
explicitly fills the void for a holistic assessment instrument that aligns with the demands of 21st-Century
Competencies and the National Curriculum, providing physics educators with a more accurate and
relevant tool.

2. Methods

2.1. Research Design

This study was designed to develop an assessment package related to the Kinetic Theory of Gases,
specifically Boyle's Law, with the goal of measuring three primary aspects: conceptual understanding,
collaborative skills, and learning motivation among high school students. The development process for
both the test and non-test instruments adhered to the guidelines proposed by Istiyono, which were
subsequently modified into three core stages: planning, instrument tryout, and measurement
implementation [10]. However, for the current study, the research only proceeded up to the instrument
tryout phase. Although the construction of non-test instruments was integrated into the overall test
instrument development scheme, necessary adjustments were made to account for the intrinsic
characteristics of the non-test (non-cognitive) scales.
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2.2.  Population and research sample

The population for this study consisted of all students at SMA Negeri 9 Yogyakarta in the same grade
level (the relevant class) who had completed the Kinetic Theory of Gases material, particularly the topic
of Boyle's Law. From this population, a sample of 70 students was selected to participate in the
instrument tryout. The sampling procedure employed a random sampling technique from two classes
within the same grade level at SMA Negeri 9 Yogyakarta.

2.3.  Research Instruments

The instruments developed comprised 10 multiple-choice questions to measure conceptual
understanding, a 10 item questionnaire for collaborative skills, a 10 item questionnaire to assess learning
motivation, and an expert validation sheet. The primary focus of the instrument development was the
Boyle's Law topic within the Kinetic Theory of Gases material, which is taught in Grade XI of high
school, referencing the national curriculum for the 2025 academic year.

2.4.  Data Analysis Techniques
The data analysis in this research utilized the Aiken's V content validity index formula. The validity
calculation, based on the approach developed by Aiken is detailed in Table 1.

Table 1. Aiken’s v index categories [24].
Aiken’s V Index  Validity

0<V<04 Low
0,4<V<0,8 Moderate
08<V<1 High

Data analysis in this study covered the testing of validity, reliability, and the item difficulty level of the
developed instruments based on empirical data. The evaluation of item difficulty was grounded in the
one-parameter logistic (1PL) Rasch Model, where the primary focus lies on the difficulty parameter of
each test item, which represents the students’ ability to complete the test.

3.  Results and Discussion

3.1.  Instrument Design Stage

This study constitutes a type of developmental research aimed at producing an assessment package to
measure students' conceptual understanding, collaborative skills, and learning motivation in high school
physics, specifically on the Kinetic Theory of Gases, with an emphasis on Boyle's Law. The compiled
instruments include test items for conceptual understanding and questionnaires (non-test) for measuring
collaboration skills and learning motivation.

The selection of core competencies to be measured referred to the National Curriculum, starting with
an analysis of the Learning Outcomes (Capaian Pembelajaran/CP) and the Learning Objectives Flow
(Alur Tujuan Pembelajaran/ATP). This analysis determined the relevant main material, which
subsequently served as the basis for formulating the learning indicators. The material focus developed
was the Kinetic Theory of Gases, with an emphasis on Boyle's Law for Grade XI students.

The assessment was designed as a guideline for constructing high-quality items that align with the
learning objectives. Its construction took into account the learning outcomes, material scope, item
format, and the measurement indicators for the three target aspects: conceptual understanding,
collaborative skills, and learning motivation. A synthesis of the used indicators reveals that the aspects
derived from Bloom's Taxonomy [25] are consistent with the learning outcomes in the national
curriculum, as summarized in Table 2. The aspect of conceptual understanding refers to Bloom's
Taxonomy, which includes: (a) knowledge, (b) comprehension, (c) application, (d) analysis, (e)
synthesis, and (f) evaluation. However, in this research, the assessment was limited only to the analysis
level of ability.

Indicators for collaborative skills were formulated based on the concepts developed by Greenstein,
encompassing: (a) the ability to listen and convey opinions within the group, (b) demonstrating empathy
and a compromising attitude, (c) prioritizing group interests, (d) acknowledging and utilizing the
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contributions of group members, (e) collectively creating new ideas, (f) active participation and
responsibility for group tasks, (g) respecting the views of other members, and (h) the ability to resolve
conflicts and participate actively in group discussions [14]. Furthermore, indicators from Read write
think were also used as a reference, covering: (a) contribution, (b) time management, (¢) problem-
solving, (d) cooperation, and (e) problem-solving strategies [15].

For the learning motivation aspect, indicators were developed by referencing Sudjana's work, which
includes eight indicators of student activity in learning: (1) involvement in learning tasks, (2)
participation in problem-solving, (3) courage to ask questions when facing difficulties, (4) initiative to
seek additional information, (5) activeness in group discussions, (6) the ability to evaluate one's own
learning results, (7) practice in solving problems, and (8) application of acquired knowledge in problem-
solving contexts [19]. Each indicator for the conceptual understanding aspect was designed to have two
to three test items. The complete instrument is presented in Table 2.

Table 2. Indicator for the conceptual understanding.

No Learning Outcome Aspect Item Number
1 Recalling Knowledge 1,2,3
2 Understanding Comprehension 4,5
3 Applying Application 6,7,8
4 Analyzing Analysis 9,10

Table 3. Indicator for the collaboration skills instrument.
No Aspect Indicator Item Number
1 Cooperation Works cooperatively with diverse group members to solve 1,2
problems encountered within the group.
Takes the initiative to self-regulate within the group when 3,4
2 Responsibility performing collaborative tasks.
Each group member is involved in carrying out the assigned
tasks.
Able to discuss problems with peers until a consensus is 5,6
3 Communication reached.
Pays full attention to what is being listened to.

Efforts to reach an agreement on the problem being solved. 7,8

4 Compromise Involvement of group members in conducting discussions to

reach a joint decision..
5 Flexbility Completes group tasks in a timely manner. 9,10
Adapts to each group member to solve problems.

Table 4. Indicator for the learning motivation instrument.

No Aspect Indicator Item Number
1 Active Involvement  Students participate in carrying out their learning |
tasks.

2 Perseverance Students are willing to engage in problem-solving 2
activities during learning.

3 Curiosity Students are willing to ask peers or the teacher if 34

they do not understand the material or encounter
difficulties.
4 Autonomy Students strive to find the necessary information 5
to solve the problem they are facing.

5 Social Interaction Students conduct group discussions according to 6
the teacher's instructions.

6 Self Evaluation Students are able to assess their own ability and 7

the results they have achieved.
7 Problem Solving Students practice solving exercises or problems. 8,9
8 Concept Application  Students use or apply what they have acquired in 10

solving assigned tasks or problems.
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Referring to the indicator presented in Tables 2, 3, and 4, each indicator was subsequently elaborated
into specific test items and questionnaire statements that form the final assessment instrument. The
instrument consists of 10 multiple-choice questions to measure the conceptual understanding aspect, 10
questionnaire statements to assess collaboration skills, and 10 questionnaire statements to evaluate
students' learning motivation.

Scoring for the multiple-choice questions utilized a dichotomous scoring system, where correct
answers were assigned a score of 1 and incorrect answers a score of 0. Meanwhile, the questionnaires
were assessed using a 4 point Likert scale, which allows educators to obtain measurable scores from
students corresponding to their level of response.

To ensure the suitability and quality of the developed instrument, validation was carried out by two
validators: one expert and one practitioner. The expert validator was an academic, specifically a lecturer
from the Physics Education Study Program at the Faculty of Mathematics and Natural Sciences
(FMIPA) UNY, while the practitioner validator was a physics teacher at a school relevant to the
instrument's intended context. Both validators provided ratings as well as constructive feedback on every
item constructed. The results of this validation were analyzed using the Aiken's V validity index, with
the summary of the analysis presented in Tables 5, 6, and 7.

Table 5. Recapitulation of aiken’s v results for conceptual understanding.

Item Number V Index Score Category
294573899 1 ngh
1,3,5,6,10 0,92 High

Table 6. Recapitulation of aiken’s v results for collaboration skills.

Item Number V Index Score Category
2,3,5,6 0,98 High
1,4,7,8,9,10 0,83 High

Table 7. Recapitulation of aiken’s v results for learning motivation.

Item Number V Index Score Category
1,2,4,7,8 0,92 High
3,5,6,9,10 0,82 High

Based on the data presented in Tables 5, 6, and 7, the Aiken's V index scores for all items conceptual
understanding questions (items 1 through 10) and the collaboration skills and learning motivation
questionnaire statements (items 1 through 10)—fall into the High Validity category. This outcome
confirms that the developed assessment instrument is deemed content valid by the validators.

Nevertheless, the validators provided several essential notes and suggestions for instrument
refinement. These included necessary improvements such as selecting more precise diction, adjusting
the layout format of the questions and response options, and modifying the structure of interrogative
sentences (questions) into descriptive statements using phrases like "is defined as..." or "which is...".
After the instruments underwent revision based on this feedback, they were declared suitable for use in
the subsequent tryout phase.

3.2. Instrument Tryout Phase
This research involved Grade XI students at SMA Negeri 9 Yogyakarta who had studied the Kinetic
Theory of Gases material, specifically the sub-topic of Boyle's Law under the national curriculum. The
selection of tryout subjects was performed randomly using a cluster random sampling method, where
classes were randomly chosen from the population of students who had completed the material. The
total number of tryout participants was 70 students, consisting of two classes with 35 students in each
class.

The data gathered from the instrument tryout were subsequently analyzed using the Winsteps
software. This analysis yielded essential psychometric information regarding the instrument's validity
and reliability, as well as the item difficulty level for the conceptual understanding instrument.
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Table 8. Winsteps analysis results of the assessment instrument.
Analysis Results

Indicator Conceptual Collaboration Motivation
Understanding
Infit MNSQ Range 0.80-1.15 0.85- 1.13 0.82-1.12
Item Reliability 0.74 0.85 0.80
No. of Items in —2.0 to 10 10 10
+2.0 Range

No. of Fit Items 9 10 10
No. of Misfit Items 1 0 0

3.3.  Instrument Validity

Based on the results presented in Table 8, instrument validity was evaluated by assessing the item fit to
the Rasch Model using Winsteps software. The analysis included items for conceptual understanding,
the collaboration skills questionnaire, and the learning motivation questionnaire. An item is considered
to fit the model if its Infit Mean Square (MNSQ) value falls within the acceptable range of 0.77 to 1.30
[26]. The analysis of the conceptual understanding instrument showed that most items were within the
range of 0.80—1.15, with the exception of one item (item number 3), which was classified as a misfit.

Further analysis of the collaboration skills questionnaire revealed that all items had Infit MNSQ
values between 0.85 and 1.13, indicating that all items fit the model. Similar results were found for the
learning motivation questionnaire, with Infit MNSQ values ranging from 0.82 to 1.12. Consequently,
all items in both questionnaires met the criteria for fitting the Rasch Model.

Overall, nine out of the 10 items in the conceptual understanding test were deemed valid based on
the Rasch Model, and all items in both the collaboration and motivation questionnaires satisfied the fit
criteria. Therefore, the developed instrument is suitable for measuring the conceptual understanding,
collaborative skills, and learning motivation of Grade XI students concerning the Kinetic Theory of
Gases (Boyle's Law).

3.4. Instrument Realibility

The instrument reliability values, as shown in Table 8, were obtained from the Summary of sStatistics
section of the Winsteps analysis. A higher reliability value signifies greater consistency of the
instrument's items with the measurement model. According to the classification of reliability coefficients
by Sukiman, the reliability ranges are categorized as: very low (0.00-0.19), low (0.20-0.39), moderate
(0.40-0.59), high (0.60-0.79), and very high (0.80—1.00) [27].

The conceptual understanding instrument showed an item reliability of 0.74 and a person reliability
(case estimates) of 0.72; both fall into the High category. In contrast, the collaboration skills instrument
yielded an item reliability of 0.85 and a person reliability of 0.84, both classified as Very High. For the
learning motivation instrument, the item reliability was 0.80 and the person reliability was 0.75,
classifying them into the Very High and High categories, respectively.

These results collectively demonstrate that all three instrument types possess an adequate level of
consistency, both in terms of the items themselves and the subjects being measured. Thus, the instrument
is suitable for repeated use and can be trusted to produce stable results. Reliability is a critical aspect of
instrument development as it reflects the consistency of the measurement under various conditions.

3.5. Item Characteristics

The difficulty level of each test item was determined based on the Winsteps analysis using the Rasch
Model or the 1-Parameter Logistic (1PL) Model. The output in the "thresholds" section of the software
provides the difficulty estimate for each item. According to [28], the ideal difficulty value lies within
the range of —2 to +2 logits. Items with values below —2 are generally considered too easy, while values
above +2.9 indicate that the item is excessively difficult.
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Based on the analysis of the 10 items for conceptual understanding, the distribution of item difficulty
showed that 30% of the items were classified as easy, 40% were in the moderate category, and 30%
were classified as difficult. The detailed difficulty category for each item can be found in Table 9.

Table 9. Students’ conceptual undersatnding level by item difficulty.

Category Item Numbers Count Percentage (%)
Easy 8,10,3 3 30

Moderate 7,4,2.9 4 40

Difficult 5,1,6 3 30

The overall difficulty level of the conceptual items ranged from —0.17 to +1.90. Considering both item
difficulty and validity criteria, 9 test items successfully met the criteria for fitting the Rasch Model. The
validity testing results in this study strongly affirm the quality of the developed items. Overall, every
item designed to measure conceptual understanding, collaboration skills, and learning motivation
demonstrated a good fit to the Rasch Model. Furthermore, the instrument exhibited a high reliability
index, ranging from 0.74 to 0.85.

This finding is consistent with prior studies that utilized Rasch analysis in physics instrument
development. For example, a study by Rasyid reported the development of a conceptual physics test on
waves with an impressive reliability (0.95) and a perfect proportion of fit items (100%) [29]. A similar
consistency was reported by Riza Andriani in developing a fundamental physics concept test, where the
Outfit MNSQ value was within the accepted range (0.7—1.33) and high reliability was observed (0.8—
0.91) [30]. The congruence of these findings underscores that Rasch analysis is a robust method for
validating item quality due to its superiority in separating the subject's ability variable from the item's
difficulty level. The key distinction of this research is the expansion of focus beyond the cognitive
domain to include the affective constructs of collaboration and motivation. This approach is aligned
with the National Curriculum's demand for a holistic assessment of students' social and emotional
characteristics.

Moreover, the content validity of the instrument was strengthened by obtaining high Aiken's V index
scores, indicating a substantial coherence between the instrument's content and the intended
competencies. This conclusion is supported by Daeng Naba, who emphasized the importance of synergy
between expert validation (expert judgment) and Rasch analysis to produce sound and reliable physics
assessments [31].

On the other hand, this research also identifies avenues for future development. Mi demonstrated that
applying the Cognitive Diagnostic Assessment (CDA) approach in electrostatic diagnostic instruments
can provide a more detailed and in-depth mapping of conceptual difficulties [32]. The CDA model can
serve as a reference framework for refining this instrument (the Rara instrument), particularly for more
specifically identifying and analyzing student misconceptions regarding Boyle's Law. Furthermore, the
relevance of measuring non-cognitive aspects is supported by Panthumas, who successfully developed
a 21st-Century skills scale with layered validation (EFA & CFA) and excellent reliability (¢=0.92).

Therefore, the novel contribution of this research lies in its methodological and substantive
integration: combining three essential constructs conceptual understanding, collaboration skills, and
learning motivation—into a single assessment package, all rigorously validated using the Rasch Model.
This Rasch-based integrative approach represents a forward step that is relatively uncommon in high
school physics education measurement studies.

4. Conclusion

The development of the assessment instrument for the Kinetic Theory of Gases (Boyle's Law) to
measure conceptual understanding, collaboration skills, and learning motivation among high school
students was conducted through the stages of planning, validation, and instrument tryout. The instrument
comprises 10 multiple-choice questions for conceptual understanding and 10-item questionnaires each
for the collaboration and motivation aspects. Content validity using the Aiken's V index showed that all
items fall into the High category, while the empirical test using the Rasch Model indicated that most test
items and questionnaires were within the acceptable Infit MNSQ range, with the overall instrument
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reliability categorized as high to very high. The item difficulty level also exhibited a balanced
distribution across easy, moderate, and difficult categories. Thus, the developed instrument is declared
valid and reliable and is suitable for use as a holistic assessment tool in physics learning based on the
National Curriculum.
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