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Abstract

Creative thinking ability is one of the important high-level thinking skills. To assess this
ability, a measurement instrument in the form of a test is needed. Therefore, the study aims to
evaluate the validity of the content and constructs that measure creative thinking ability using
Aiken’s V index analysis and Rasch modeling. The study used a quantitative descriptive
method by assessing 12 test items on the measurement material, climate change, and renewable
energy. Five experts assessed material, construction, and language, and a trial was conducted
on 134 student samples. The results showed that all questions were valid. Undimensionality
showed results of less than 15%, the level of item suitability was stated as appropriate, and the
difficulty level varied in 4 categories. The Cronbach Alpha value was 0.77, and the person and
item reliability was 0.76 and 0.92, respectively. These results indicate that the test is a reliable
evaluation tool and a basis for developing similar instruments. It also has practical implications
in designing learning to develop students' creative thinking.
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I. Introduction

Education is a fundamental pillar in the development of individuals and societies. According to the OECD [1],
the global education system continues to transform with the integration of technology and dynamic education
policies to meet the needs of students in the 21st century. In the context of high school education, there are
various subjects studied by students that are considered difficult and uninteresting, one of which is physics [2].
Physics is considered difficult because it often stems from the abstract nature and complexity of the
mathematical concepts involved [3].

The difficulties experienced by students in solving physics problems indicate that students are still less
able to solve more complex problems [4]. If students can develop their creative thinking skills well, they will
be able to solve physics problems and identify problems correctly from the start [5]. By thinking creatively,
students can develop the ability to see problems from various perspectives, produce innovative solutions, and
apply physics concepts in different contexts [6]. In addition, students with high creativity play a significant
role in solving physics problems by tending to be more able to find various alternative solutions and apply
physics concepts effectively in different situations [7].

Creative thinking is generating new and useful ideas to solve problems or face challenges. According to
Runco and Acar [8] in their book The Creative Self, creative thinking involves two main processes, namely
divergent thinking, which produces various different ideas, and convergent thinking, which chooses the best
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idea. Creative thinking is an important ability that must be developed in order to be able to compete amidst
global challenges [9]. According to the identification results of the Partnership for 21st Century Skills (P21)
from the United States based in the US, there are four skills known as 4C, namely communication,
collaboration, critical thinking, and creativity, which are considered important to have in the 21st century [10].

Elis Paul Torrance is one of the researchers who has conducted research on creative thinking skills.
According to Torrance in Munandar [11], creative thinking indicators include originality, fluency, flexibility,
and elaboration. This category is also in line with the views of Hue and Adey [12], who use the characteristics
of scientific creativity, namely fluency, flexibility, and originality, to evaluate creative thinking skills.

Teachers are one of the factors that play an important role in developing student's creative thinking skills
at school. However, not all teachers know the extent of students' creative thinking skills. Research by
Tumangger, Kartono, & Ridlo [13] shows that teachers do not yet know students' creative thinking skills
because they do not yet have an instrument to assess creative thinking skills. Likewise, Widyatiningtyas [14],
in their research, highlighted that some teachers have not developed tests that specifically measure students'
creative thinking skills. As conveyed by Solihat [15], it was revealed that the limited instruments that can
specifically measure students' creative thinking skills make it difficult for teachers to make objective
assessments; the development of valid and reliable instruments is still a challenge to support the assessment of
student's creative thinking skills. The researcher also conducted a questionnaire to a group of physics tutoring
students who stated that the physics teacher at their school gave a test with a single answer that did not require
them to think creatively freely.

Based on the problems above, it is necessary to create a test instrument that can reveal students' creative
thinking abilities. The test is designed with open-ended questions that can challenge students to think more
deeply and creatively, so it is expected to encourage students to develop various alternative solutions, explore
new ideas, and combine their knowledge and experience in solving problems. By using this test, researchers
can analyze how students apply creative thinking skills in completing the tasks given.

The development of test instruments must go through several stages to ensure that the test creates an
accurate measure of what should be measured. Among the forms of validation that can be done are expert
validation and construct validation. Several previous studies have done this with expert validation, such as the
validation of test instruments designed to measure high school students' problem-solving skills in physics [16]
and validation of questions designed to measure problem-solving abilities with validation by experts covering
aspects of content, construct, and appearance, as well as the practicality of using the instrument [17]. Several
studies have also conducted construct validation using Rasch modeling with Winstep. Such as the analysis of
the mental health screening tools instrument using the Rasch model [18], analysis of the reliability and validity
of the self-determination questionnaire [19], Construct validity of the ICS (Indonesian Creativity Scale) [20],
and analysis of the distribution map of physical education learning motivation through rasch modeling in
elementary schools [21]. Unfortunately, no research has been found that investigates or reveals the analysis of
special creative thinking test instruments in physics learning in terms of content with Aiken’s V and in terms
of construct using Rasch modeling.

This research is important to be conducted with the aim of knowing the validity of the content and
construct of the test instrument because before being distributed as a tool for evaluating students' creative
thinking, a validation process is needed to ensure the quality of the test instrument created. The validation
process consists of content validation carried out by several experts using Aiken’s V. After being declared
valid; a limited field trial is conducted to determine the quality of the test instrument in terms of construct
using Rasch modeling. This research contributes to providing a valid and reliable test instrument to measure
students' creative thinking abilities, which can be used as a reference in educational research and practice.

Il. Methods

This study uses a descriptive method with a quantitative approach. Yakin [22] explains that the purpose of
descriptive research is to identify the value of one or more independent variables without comparing or relating
them to other variables. Meanwhile, Agustini [23] emphasizes that the quantitative approach involves the use
of numbers in the process of collecting, analyzing, and presenting data.

From the description above, it can be concluded that quantitative descriptive research aims to collect
information about existing phenomena, clearly explain the objectives to be achieved, plan the approach to be
applied, and collect various types of data as a basis for compiling reports. In this study, the author aims to
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evaluate the quality of creative thinking test instruments in physics learning, especially on descriptive questions
about measurement materials, climate change, and renewable energy.

The creative thinking ability targeted in this instrument is in the form of descriptive questions that focus
on measuring four aspects of creative thinking: fluency, flexibility, originality, and elaboration with assessment
techniques ranging from 0-4 points based on assessment techniques according to creative thinking indicators.
Researchers use four aspects along with indicators and assessment techniques as described by Torrance [24]
in Table 1.

Table 1. Aspects and indicators of creative thinking ability

No. Creative Thinking Indicator Assessment Techniques
Aspects

Providing many relevant ideas or Based on the total number of relevant

1 Fluency :
thoughts in the form of words responses

e Produces varied answers with Based on the number of different

2 Flexibility . . . .

different points of view categories of relevant responses
L Generate ideas according to one's Based on the original response

3 Originality

own thoughts answer
. Develop, embellish, or elaborate on Based on the amount of detail in the

4  Elaboration .

ideas response

Participants in this study were students from two Senior High Schools (SMA) who had received learning
about measurement, climate change, and renewable energy, namely SMA Negeri 1 Rongga and SMA
Pasundan 8 Bandung. Sampling was carried out using the purposive sampling method with a total of 134 11"-
grade students consisting of 77 males and 57 females.

The data obtained from the assessment of 5 experts consisting of 3 lecturers of UPI Physics Education
and two physics teachers at the school will be analyzed using Aiken's V to assess the validity of the test
instrument content from the aspects of material, test construction, and language use. This V value will be
interpreted in the range of 0.00 to 1.00, which indicates whether or not the content validity is good and provides
an indication of support for the overall content validity. Aiken's V validity threshold value with five assessors
and four assessment scales between 0-3 is 0.87 [25].

After that, a trial of the instrument was conducted to ensure that the sample had studied the physics
material tested in the test consisting of 5 physics classes from two different schools. The trial was conducted
with the same stages on November 26, 2024, at SMA Negeri 1 Rongga and November 28, 2024, at SMA
Pasundan 8 Bandung, with each test duration in each class 90 minutes. The trial results will be analyzed using
the Rasch model with the help of Winstep 3.73 software to assess Undimensionality, Item Fit levels, Item
Difficulty levels (Item Measure), Cronbach Alfa values, and Person & Item Reliability. The Rasch model was
chosen because this approach produces a consistent measurement scale, so it can provide more precise
information about test participants and the quality of the questions they answer [26].

I1l. Results and discussion

Content validity using Aiken's V

Determination of the validity of the instrument content in this study was carried out by involving expert
agreement. The use of expert agreement in assessing content validity is important because a test instrument is
considered valid if experts believe that the instrument can measure the intended ability. Aiken's validity index
can be used to assess expert agreement [27]. The results of Aiken's validation are shown in Table 2.

According to Aiken, the validity of a question item is said to be good if it is assessed by five assessors
and obtains an Aiken index equal to or greater than 0.87 [25]. Aiken’s V index is a measure of agreement to
measure the level of agreement between assessors regarding the suitability of the question item with the
indicator to be measured [28]. The calculation results show that the twelve questions in the creative thinking
test instrument are declared valid. Furthermore, the instrument was tested on high school students to assess the
construct validity of the creative thinking test.
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Table 2. Aiken’s V Results

Question Items Average V Value Conclusion
1b 0.93 Valid
1c 0.92 Valid
1d 0.92 Valid
2a 0.93 Valid
2b 0.95 Valid
2¢ 0.91 Valid
2d 0.93 Valid
3a 0.94 Valid
3b 0.95 Valid
3¢ 0.92 Valid
3d 0.93 Valid

Construct Validation with Rasch Model

Testing the validity and reliability of test instruments to assess creative thinking skills can be done by applying
the Rasch Model. The following table contains the results of the validity and consistency analysis that have
been processed using the Rasch Model. These results provide an overview of the extent to which the research
instrument used is able to measure the validity of the intended construct consistently and accurately. It is hoped
that these results can provide confidence in the quality of the instruments used in this study.

1. Undimensionality

Undimensionality analysis aims to identify various aspects measured by the instrument. This process is carried
out using the output menu table 23 in the Winsteps application version 3.73 by considering the raw variance
explained by measures and the unexplained variance from the first to the fifth contrast [29]. Undimensionality
can be said to exist if the raw variance explained by the measurement reaches > 20%, with general
interpretation categories: sufficient if in the range of 20-40%, good if 40-60%, and very good if more than
60%. And the unexplained variance value in the st to 5th residual contrast must be less than 15% [30]. The
complete results of the Undimensionality analysis are described in Table 3.

Table 3. Results of Undimensionality Analysis

Table of Standardized Residual Variance
(in Eigenvalue units)

Raw variance explained by measures = 33.4%
Unexplained variance in 1st contrast = 14.2%
Unexplained variance in 2nd contrast =  9.4%
Unexplained variance in 3st contrast = 7.9%
Unexplained variance in 4th contrast = 7.4%
Unexplained variance in 5th contrast = 5.9%

Based on Table 3, the raw variance explained by the measures instrument is 33.4%, which is included in
the sufficient category. Meanwhile, the unexplained variance in the first contrast is 14.2%; in the second, 9.4%;
in the third, 7.9%; in the fourth, 7.4%; and in the fifth, 5.9%. All of these values indicate that the results are
below 15%. Thus, it can be concluded that the instrument really measures what it should measure: students'
creative thinking abilities.
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2. Item Suitability Level

Item suitability refers to the extent to which each item in the instrument fits the measurement model used. Item
suitability analysis ensures that each item in the test functions well in measuring construct validity. The
assessment of item suitability is based on three main parameters, namely the Outfit mean square (MNSQ)
value, Outfit z-standardized value (ZSTD), and point measure correlation value (PT-MEASURE CORR) with
ideal values for the three main parameters Outfit Mean Square (Outfit MNSQ), Outfit Z-Standardized Values
(ZSTD), and Point Measure Correlation (PT-MEASURE-CORR) is in the range of 0.5 - 1.5, -2.0 - 2.0, and
0.4 - 0.85, respectively [26]. The output results of Item statistics: Misfit order on the Winstep application are
shown in Table 4.

Table 4. Item Fit Output Results

Item MNS QOutﬁt ZSTD PT Measure Corr
1D 1.25 1.6 0.50
2D 1.25 2.0 0.51
1C 1.27 2.1 0.39
3D 1.03 0.3 0.54
1A 0.93 -0.4 0.46
3C 0.96 -0.3 0.51
2A 0.90 -0.8 0.52
1B 0.86 -1.1 0.49
2C 0.89 -1.0 0.54
3A 0.85 -1.3 0.53
3B 0.79 -1.8 0.64
2B 0.76 -2.2 0.62

Table 4 presents the results of the item fit analysis sorted by the degree of misfit. Evaluation of the Outfit
Mean Square (Outfit MNSQ), Outfit Z-Standardized Values (ZSTD), and Point Measure Correlation (PT-
MEASURE-CORR) values shows that all items are within the expected value range. Thus, it can be concluded
that the twelve items on this creative thinking ability test instrument are declared fit. Based on item statistics:
misfit order, the results show that the twelve items have met the validity criteria. However, there is one item
that does not meet one of the criteria. Outfit ZSTD on question number 2B does not meet the criteria because
it has a value of (-2.2). Although the item is still declared valid because it meets the criteria in the MNSQ and
PT Measure Corr, to ensure the overall reliability of this test instrument, a revision is needed to question item
2B.

3. Item Difficulty Level

The difficulty level of each question item can be analyzed through Table 5. This shows the measurement
sequence of question items in the Winsteps application. From the existing table, the standard deviation value
is 0.38. By linking the standard deviation value to the average logit, the level of difficulty of the question items
can be grouped into several categories, namely: very difficult (more than +1 SD), difficult (between 0.0 logit
to +1 SD), easy (between 0.0 logit to -1 SD), and very easy (less than -1 SD). Thus, the value limit for the very
difficult category is above 0.38, the difficult category is in the range of 0.0 to 0.38, the easy category is between
0.0 and -0.38, and the very easy category is below -0.38.

Based on the level of difficulty, the questions are sorted from the most difficult to the easiest. There is
one question that falls into the very difficult category, namely question 3C. In addition, there are six questions
that fall into the difficult category, namely questions 2B, 2C, 2D, 3A, 3B, and 3D. Three other questions fall
into the easy category, namely questions 1C, 1C, and 2A. Finally, two questions that fall into the very easy
category are questions 1A and 1D. However, the results of Table 3 found a gap between items categorized as
"very difficult" and "very easy," which can cause the instrument to be less sensitive in measuring students'
abilities at certain ranges so that it does not provide accurate information about students' abilities across the
expected skill spectrum. Therefore, adjustments are needed in the preparation of items to achieve a more even
distribution of difficulty levels and ensure that the instrument can evaluate various levels of student skills
effectively.
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Table 5. Item Statistics: Measurement Order

Item Total Score Measure
3C 303 0.65
2C 344 0.27
3D 345 0.26
2D 352 0.19
3A 354 0.17
2B 355 0.16
3B 367 0.04
1C 372 -0.01
1B 387 -0.16
2A 387 -0.16
1A 427 -0.62
1D 440 -0.79

Mean 0.00
SD 0.38

4. Instrument Reliability Using Rasch Model

The following are the results of the reliability test analysis carried out using the Rasch Model based on Table
6 and Table 7.

Table 6. Summary Results of Person Statistics

Infit Outfit

MNSQ ZSTD MNSQ ZSTD
MEAN 0.98 -0.1 0.98 -0.1
SD 0.52 1.4 0.53 1.4
MAX. 2.81 3.4 3.01 3.8
MIN. 0.17 -3.5 0.18 -3.3

Separation 1.80

Person reliability 0.76

Person raw score-to-measure correlation 0.97

Cronbach Alfa (KR-20) person raw score 0.77

»test” reliability

Table 7. Summary Results of Item Statistics

Infit Outfit
MNSQ ZSTD MNSQ ZSTD
MEAN 1.01 0.0 0.98 -0.2
SD 0.21 1.7 0.18 1.4
MAX. 1.46 3.2 1.27 2.1
MIN. 0.75 -2.4 0.76 -2.2
Separation 3.39
Item reliability 0.92

Person statistics show the average score obtained by all respondents when working on the creative thinking
test instrument. Suppose the average person value is greater than the average item value (where the average
item value is 0.00 logit). In that case, this indicates that the respondent's overall ability is better than the
difficulty level of the items contained in the instrument. The Cronbach Alpha reliability value is categorized
into four levels, namely very good (0.80 - 1.00), good (0.70 - 0.80), sufficient (0.60 - 0.70), and poor (0.00 -
0.60) [31]. The Cronbach Alpha value indicating the interaction between the individual and the item as a whole
is 0.77, which is included in the good category. In addition, the individual reliability value of 0.76 indicates
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the consistency of the respondent's answers and is also classified as good. Meanwhile, the item reliability
reaching 0.92 indicates the quality of the items in the instrument and is classified as very good.

Based on the data in Table 4. the average value of Infit MNSQ was recorded at 0.98, while the value of
Outfit MNSQ was also at 0.98. On the other hand, the Item Table shows that the average value of Infit MNSQ
was 1.01 and Outfit MNSQ reached 0.98. Values closer to 1 indicate better quality, with 1 as the ideal value.
Therefore, the average for persons and items is quite close to the expected criteria. Furthermore, the average
value of Infit ZSTD for person is -0.1, and the average value of Outfit ZSTD for person is also -0.1. Meanwhile,
the Infit ZSTD value for items is recorded at 0.0, and the Outfit ZSTD for items is -0.2. The ideal ZSTD value
is 0, and the closer it is to that number, the better the quality. Thus, it can be concluded that the quality of
individuals and items in this study is classified as good.

Finally, we will discuss the separation or grouping of people and items. Person separation indicates how
effectively a series of items in a creative thinking test instrument can be spread across the logit ability range.
A higher person separation value indicates better instrument quality because the test items are able to reach
individuals with a wide range of abilities, from the highest to the lowest. On the other hand, item separation
indicates how widely the sample used in the measurement is spread along a linear interval scale. A higher item
separation value indicates that the measurement is better. This index is also useful for describing the meaning
of the construct being measured. From Table 4, it can be seen that the separation value for individuals is 1.80,
while in Table 5, the separation value for items is 3.39. The higher the separation value, the better the quality
of the individual and the instrument as a whole. The separation value can be calculated using the formula H =
((4 x separation) + 1)/3. Based on the formula, the separation value for a person is 2.73, which is rounded to
3, while the separation value for an item is 4.85, which is rounded to 5. This shows that the respondents in this
study have varying abilities, which can be grouped into three categories, while the level of difficulty of the
items is divided into five groups, starting from the easiest to the most difficult.

Instrument validation is carried out by involving experts and using Aiken’s V index to ensure that the
instrument has covered all aspects of material, constructs, and language that are relevant to the measurement
objectives. Good content validity is an indicator that this instrument can accurately reflect students' creative
thinking skills. In addition, content validity also functions to assess the extent to which the questions in the
developed instrument and the scores produced can measure the skills to be assessed [32]. Content validity also
plays an important role in assessing the validity of questions that function as evaluation tools [33].

In this case, the research instrument has gone through a thorough validation process and meets the
specified criteria, so it can be trusted and used with confidence by teachers and researchers. The validation
results from five experts using Aiken's V formula showed that all questions were declared valid. Aiken's V
values ranged from 0.91 to 0.95, which exceeded the minimum V table value of 0.87 (for five assessors with
four assessment categories).

Based on the field test data, a construct validity test was conducted to ensure that the instrument used was
in accordance with the expected theoretical construct. This construct validity aims to test whether the data
obtained in the field can reflect the established construct [34]. In addition, a reliability test is very important to
assess the extent to which this instrument can be trusted to measure student abilities consistently. An instrument
is said to be reliable if it is able to produce the same results when tested on the same group at different times
or situations. If the results obtained from the measuring instrument show significant variations, then the
measuring instrument cannot be said to be reliable [35].

In this study, the Rasch Model is used as one of the statistical methods that allows researchers to obtain
in-depth information about the characteristics and size of the test items. This model was first developed by
Georg Rasch in the 1960s and has been used to assess various psychological aspects such as ability, attitude,
and interest [33]. The study's results showed that the person reliability value reached 0.76, indicating that the
consistency of the respondents' answers was at a good level. Meanwhile, the item reliability value of 0.92
provided information that the quality of the test items was at a very good level.

Furthermore, using the Rasch Model, the researcher ensured that the data obtained were accurate,
objective, and consistent. The analysis showed that the dimensions of the creative thinking test instrument
items were below 15%, indicating that all items met the suitability criteria. Of the twelve items analyzed, all
were declared appropriate, with varying difficulty levels between very difficult, difficult, easy, and very easy.
In addition, the Cronbach Alpha value indicating the interaction between respondents and the items as a whole
was 0.77, indicating that this instrument has good reliability.

With the help of Winsteps version 3.7.3, the Rasch Model analysis produces accurate information about the
instrument's reliability in providing consistent results in each measurement. Thus, thanks to the adequate
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reliability of the test results, this instrument can be used as a tool to assess students' creative thinking skills,
especially in the context of physics learning.

IV. Conclusions

Validation from five experts with Aiken's V formula can be said that the results show that all questions are
valid. The non-dimensionality of the questions based on the Rasch model shows that all results are less than
15%, the level of suitability of the twelve questions is stated as appropriate, the level of difficulty is spread
across four categories of difficulty, the Cronbach Alpha value is 0.77, the person reliability value and item
reliability are each 0.76 and 0.92 as indicators of the quality of the questions in the instrument are at a special
level.

The research has implications for producing a creative thinking ability test in physics learning that is
proven to be valid in terms of content and construct so that it can be used for research or references for the
construction of similar test instruments and has practical implications in designing learning in developing
students' creative thinking. However, not all physics materials and categories in Rasch modeling are displayed
in this article, so in the future, it can analyze other topics in physics learning and the use of all assessment
categories of instruments in Rasch modeling.
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