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Abstract. This study is part of the development of a Physics Adaptive Test designed to
assess the Higher Order Thinking Skills (HOTS) of eleventh-grade high school students.
In this section, the objective is to evaluate the content validity of the test instrument. The
developed instrument consists of 20 multiple-choice questions based on the levels of
understanding higher-order thinking skills. In addition, this instrument was evaluated both
qualitatively and quantitatively by three experts, with the assessment covering the
following aspects: 1) Alignment of questions with HOTS indicators, 2) Appropriateness
of the stimulus provided in relation to the questions, 3) Clarity in the formulation of
questions, 4) Clarity and accuracy in problem descriptions, 5) Logical consistency and
homogeneity of answer choices, and 6) The capacity of the instrument items to measure
HOTS indicators was evaluated. This study uses a descriptive analysis method to validate
the instrument using the Aiken Formula. Content validation data were collected from three
physics experts. From the results and analysis, it can be concluded that the 20 items in the
Physics Adaptive Test instrument designed to assess HOTS in eleventh-grade physics
students are considered valid.
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1 Introduction

Higher Order Thinking Skills (HOTS) in physics education encompass students' abilities to
analyze complex concepts, evaluate various physical situations, and create creative solutions for
unstructured problems [1], [2], [3]. Although the importance of HOTS in physics learning is
widely recognized, there is unfortunately no measurement tool or instrument that effectively
assesses these skills. Most existing evaluation instruments still focus on measuring basic
knowledge and routine problem-solving abilities, without adequately exploring students' critical
and creative thinking skills at higher levels [4], [5]. As a result, students' potential to understand
and apply physics concepts in new and complex situations often goes unrecognized, limiting
opportunities for the optimal development of these skills. The absence of an appropriate
instrument to measure students' HOTS in physics underscores the need for the development of
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the Physics Adaptive Test, which can accurately assess and adapt to individual students' abilities
to understand and apply physics concepts in complex and dynamic situations.

The development of the Physics Adaptive Test to measure students' Higher Order Thinking
Skills (HOTYS) arises from the need to enhance the quality of physics learning evaluation in
schools. HOTS, which includes analysis, evaluation, and creation abilities, is becoming
increasingly important in modern curricula due to the demands of an increasingly complex
workforce [6], [7], [8]. However, traditional evaluation approaches often fall short of effectively
measuring these skills, particularly in the context of physics, which requires a deep
understanding of concepts and the ability to apply them in various situations. Therefore, a more
advanced evaluation tool, such as an adaptive test, is needed to measure HOTS more accurately
and fairly.

Literature reviews indicate that Computerized Adaptive Testing (CAT) holds great potential in
measuring HOTS [9], [10], [11]. Physics adaptive tests work by adjusting the difficulty level of
questions based on students' answers, providing each student with a test experience that matches
their ability level [12], [13], [14], [15]. This differs from conventional tests that present the same
difficulty level to all students, without accounting for individual ability differences. In the
context of physics, CAT can provide challenges that are more relevant and appropriate to
students’ abilities, making it more effective in assessing the extent to which they can apply
physics concepts to complex and unstructured problems. Previous research also shows that
adaptive tests can reduce student anxiety and increase motivation because they present questions
that match the students' ability levels [13], [15].

Thus, the development of the Physics Adaptive Test to measure students' HOTS is not only
theoretically relevant but also has significant practical implications. This test can help teachers
identify students' weaknesses and strengths more precisely, allowing them to design more
targeted instructional strategies. Additionally, adaptive testing can be an effective tool in
encouraging students to reach their full potential, as they will face challenging but attainable
questions within their capability range. Ultimately, the use of adaptive testing in physics
learning evaluation is expected to improve education quality, particularly in preparing students
to face future challenges that demand high-level critical and creative thinking [16], [17].

A well-conducted learning assessment process requires a valid instrument to ensure that the
assessment results accurately reflect students' abilities and understanding in line with the
intended learning objectives. The validity of the assessment instrument is a key factor in
determining whether it can accurately measure the intended aspects. A valid instrument provides
relevant and reliable data that can be used as a basis for decision-making in the learning process
[18]. Without a valid instrument, assessment results may be inaccurate or misleading,
preventing the achievement of the actual learning goals. Therefore, the development and
validation of assessment instruments are crucial steps in ensuring that the assessment process
supports effective and meaningful learning [19], [20], [21].

To ensure that an instrument is considered valid, three common types of validation are used:
criterion-related validity, construct validity, and content validity [18]. Criterion-related validity
measures the extent to which the instrument's results relate to those from another instrument
already proven valid in measuring the same criterion [22]. Construct validity serves to assess
whether the instrument actually measures the theoretical concept or construction intended in the
preparation of the instrument [23]. Meanwhile, content validity evaluates whether the items



within the instrument comprehensively represent all aspects or components of the content being
measured [24]. Content validity often involves experts in the relevant field to ensure that each
item in the instrument is truly relevant and aligns with the measurement objectives. These three
types of validation work together to ensure that the instrument effectively measures its intended
construct, ensuring reliable results that are appropriate for the intended assessment objectives.

Based on the description above, the instrument validation stage is a very important step to ensure
that the instrument can measure what is designed to be assessed accurately. Hence, this study
will evaluate the content validity of the Physics Adaptive Test instrument. The content
validation process involves experts in instrumentation, assessment, subject matter, and test
development.

2 Method

The research method used for content validation of the Physics Adaptive Test involved a series
of systematic steps to ensure that the instrument possesses adequate validity in measuring
students' HOTS. The study began with the development of test items based on a literature review
and established learning objectives. Once the test items were designed, content validation was
conducted by involving a number of experts, including physics lecturers and teachers with
expertise in the field.

The experts were tasked with assessing the relevance and suitability of each test item in relation
to the measurement objectives, using a Likert scale from 1 (not relevant) to 5 (highly relevant).
Their assessments were analyzed with Aiken's V, a statistical method for evaluating content
validity. The Aiken's V value was computed for each item to determine how well it aligned with
the intended objectives. The experts recorded their evaluations in a structured table provided for
this purpose, as shown in Table 1.

Table 1. Question for Evaluation of Instrument

Score

Question 1 2 3 4 5

e Questions align with indicators of higher-order
thinking skills.

e  The stimulus presented corresponds appropriately
with the questions

e Questions are clearly formulated.

e  Problem descriptions are written clearly and
unambiguously.

e  Answer choices are logical and homogeneous.

e  Critical thinking skill indicators can be measured
through the instrument items.

In this study, Aiken's V was calculated by considering the number of experts involved, the range
of evaluation scores, and the average rating from the experts. Items that received an Aiken's V
value above 0.70 were considered to have good content validity and were deemed suitable for
inclusion in the instrument. Conversely, items with a value below 0.70 were considered for
revision or removal. This approach ensures that the Physics Adaptive Test can accurately and
reliably measure HOTS.



3 Result and Discussion

The content validity of the Physics Adaptive Test instrument was established through item
assessment by 3 experts. The evaluated aspects included: 1) Alignment of questions with higher-
order thinking skills indicators, 2) Appropriateness of the stimulus provided in relation to the
questions, 3) Clarity in the formulation of questions, 4) Clarity and accuracy in problem
descriptions, 5) Logical consistency and homogeneity of answer choices, and 6) The capacity
of the instrument items to evaluate indicators of HOTS.

The validity of the material on the test depends on the logical analysis of the measurement
components from the expert, including items, stimulus, test item shape, and sentence structure.
It plays a vital role in developing assessment instruments or tests. This process ensures the
precision of the measured aspects, captures the complexity of the concept or skill, minimizes
measurement bias, enhances the instrument's quality, and improves the objectivity of the
research outcomes [25], [26], [27].

In expert content evaluation, key principles for designing multiple-choice tests include:
presenting clear content, using language suitable for the test-takers' developmental level,
applying standardized language, randomizing the placement of correct answers, ensuring logical
consistency among answer options, keeping the length of answer choices relatively similar, and
avoiding any hints that reveal the correct answer.

The number of experts participating in this instrument validation aligns with Lynn's
recommendation, which suggests involving a minimum of 3 and a maximum of 10 experts. The
Physics Adaptive Test instrument, designed to assess students' higher-order thinking skills,
provides five answer options for each item. The validation value of each item is calculated based
on assessments from 3 experts, with the validation calculation results presented in Table 2.

Table 2. The results of Aiken's V calculation

ltemn Judge S1 S2 S3 s n](_(): \% Ket
Expert 1 Expert2  Expert3
1 4 4 5 3 3 4 32 36 089 \%
2 5 4 4 4 3 3 28 36 0,78 \%
3 4 4 5 3 3 4 32 36 089 \%
4 3 4 5 2 3 4 26 36 0,72 \%
5 4 5 5 3 4 4 32 36 089 \%
6 4 4 4 3 3 3 26 36 0,72 \%
7 5 4 4 4 3 3 33 36 09 \%
8 5 5 4 4 4 3 30 36 083 \%
9 4 4 3 3 3 2 30 36 083 \%
10 5 5 5 4 4 4 31 36 086 \%
11 5 5 3 4 4 2 30 36 083 \%
12 5 5 4 4 4 3 33 36 09 \%
13 4 4 3 3 3 2 30 36 083 \Y




ltem Judge S1 S22 S3 s 1) \Y Ket
Expert 1 Expert2  Expert 3
14 5 5 5 4 4 4 34 36 09 \%
15 5 5 3 4 4 2 26 36 0,72 \%
16 5 5 4 4 4 3 32 36 089 \%
17 4 4 3 3 3 2 26 36 072 \%
18 5 5 5 4 4 4 36 36 1 \%
19 5 5 3 4 4 2 29 36 081 \%
20 5 5 5 4 4 4 33 36 092 V

If the Aiken's V value is greater than 0.7, the item is considered valid [28], [29]. This means
that the item has met the necessary criteria for content validity, as evaluated by experts. Aiken
value above 0.7 indicates strong agreement among experts that the item is appropriately aligned
with the intended constructs and accurately measures the aspects it is designed to assess.
Therefore, the item can be confidently included in the test or instrument, as it has been validated
as a reliable measure of the targeted skills or knowledge. Based on the content validity
calculation using Aiken's formula, the results show that the obtained V value is greater than 0.7,
indicating that the 20 developed test items are valid. Thus, these 20 items are considered suitable
for measuring the predetermined HOTS indicators based on content validity.

Based on the results and analysis of content validation on the Physics Adaptive Test instrument,
experts have deemed the instrument valid with some important notes. First, most of the
questions are aligned with HOTS indicators such as synthesis, evaluation, and analysis.
However, there is still room for improvement in ensuring that all questions truly challenge the
test-takers' higher-order thinking abilities. Second, the stimuli presented in the instrument are
generally relevant and appropriate to the questions posed. However, some stimuli are suggested
to be made more complex to better encourage in-depth analysis by the participants.

Third, in general, the questions are clearly formulated, but some use technical terms or overly
complex sentences that could cause confusion. Rewriting these with simpler and more precise
language can enhance the clarity of the instrument without reducing the expected depth of
thought. Fourth, the problem descriptions in the instrument are clearly and unambiguously
written, although there are some items that might be interpreted differently by participants.
Therefore, revisions to the ambiguous parts are necessary to ensure uniform understanding
among participants.

Fifth, the alternative answers provided are mostly logical and homogeneous, but some items
require balancing in terms of difficulty. This is important to ensure that participants truly need
to apply critical thinking skills to choose the correct answer. Lastly, the physics adaptive test
instruments are quite effective in measuring indicators of students' critical thinking skills in
learning physics, although some items need adjustments to be more focused and specific to the
indicators being measured. Overall, with the suggested improvements, the instrument is
considered valid and is expected to provide more accurate results in measuring critical and
HOTS in participants.

Validation carried out by experts serves as proof of validity. The use of expert assessment is the
right step to validate the instrument in terms of construction. The validity of the material is



carried out through the consensus of experts in the field and is considered valid if the experts
believe that the instrument can measure what it should be measured [30], [31], [32]. Experts
have the competence to assess the alignment between indicators with the purpose of instrument
development, the alignment of indicators with the scope of material or theory, the alignment of
instruments with item indicators, and review the correctness of question concepts, answer keys,
and the use of language. Therefore, the selection of experts in validating instruments is an
important point because it can affect the quality of the instruments developed.

Content validation in the development of adaptive physics test instruments is an important step
to produce reliable and accurate test instruments [33], [34]. Without the right content validation
process, the instrument risks measuring things that are not in accordance with the goals that
have been set. This can lead to inaccurate data collected, incorrect interpretation of results, and
decisions made based on those results can be inaccurate. In addition, the invalidity of the
instrument can reduce the credibility of the research or evaluation conducted. Expert consensus
in the content validation process is measured using the Aiken Formula to assess the quality of
the items developed [35]. The content validation process involves a panel of experts who assess
each test item based on its relevance and suitability to the concept being measured. Experts use
specific scales, such as the Likert scale, to provide a rating, and Aiken's formula is used to
calculate the level of agreement between them. Content validation using Aiken's formulas
ensures that test items are aligned with measurement objectives and helps identify items that
need to be revised or removed to improve the validity and reliability of the instrument in
measuring targeted concepts or skills.

4 Conclusion and Suggestion

The conclusion of the study on the development of the Physics Adaptive Test instrument,
consisting of 20 items, shows that this instrument has successfully met the validity criteria
established by experts. The instrument is effective in measuring HOTS and critical thinking
skills in the subjects tested. However, there are still several aspects that require improvement,
such as language clarity, the alignment of stimuli with questions, and the balance of answer
choices. By revising the items that are still suboptimal, this instrument has the potential to
become a more accurate and reliable tool for evaluating adaptive physics abilities in students.

As a recommendation, it is suggested that researchers conduct further trials with a more diverse
sample to ensure that this instrument is effective across various educational contexts.
Additionally, it is important to continuously update and adjust the instrument items to remain
relevant to the evolving curriculum and dynamic learning needs. Thus, this instrument can serve
as a stronger evaluation tool and make a significant contribution to the improvement of physics
education quality.
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