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Abstract: This study aims to produce a product to evaluate students' critical thinking skills that departs from physics content where
students often have misconceptions. This research is a development research with research stages covering a) research and review
literature; (b) planning chapter objectives; (c) developing a preliminary form; (d) field-testing the preliminary form; (e) Revise the
preliminary form; (f) conducting a main field-test. The Waves Critical Thinking (WCT) test developed consists of 7 questions with 15
specific domains. Total percentage of content validity test was obtained 87.98% with appropriate criteria and based on the construct
validity WCT test, the Goodness of Fit criteria were obtained which were classified as fit. The test instrument being tested consists of
15 objective items. The reliability of WCT test results 0.597 as a Cronbach's alpha score with the medium category and all the
components have a good level of composite reliability. The outcome of the study was the WCT test with a valid state for measuring
students' CT in a specific domain of physics wave material.
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Introduction

The technology and science fields have advanced quickly, especially on education world, increasingly emphasizes the
need for new skills that are relevant for students (Akbar et al., 2020; Kravchenko et al,, 2023; Rahimi, 2020; Rahimi &
Park, 2020; Yulianti et al., 2022). This need corresponds to the future of students after taking the educational path, so
that they can compete and be able to produce strategic solutions to new problems in life (Chusni et al., 2020; Selman &
Jaedun, 2020; Supena et al.,, 2021). One of the skills that is being discussed in various types of science is critical thinking
skills. These skills are considered an important part of an overall problem solving process. Moreover, these skills can be
considered as a foundation for both personal and community competency development (Behar-Horenstein & Niu, 2011;
Larsson, 2021).

The scope of the problem is more specific, namely in physics learning, the role of critical thinking skills is needed to
become a physicist (McMillan et al.,, 2018; Schmaltz et al., 2017). This is because scientific activities that are closely
related to science, especially physics, cannot be separated from critical thinking activities, so that one of the efforts to
make physics education and learning effective is to focus on critical thinking skills of students (Osborne, 2014; Sidiq et
al,, 2021).

The other side shows that learning difficulties that are traced to students' critical thinking skills in studying physical
phenomena are often found in the form of misconceptions (Negoro et al., 2020; Rusilowati et al., 2020). The term
misconception in general is a mistake about the method or basic knowledge of science which refers to a valid measure of
scientific literacy (Kahan, 2017). The causes of misconceptions are often revealed in research through various
approaches, both from the material provider, learning media, or from the experience of the students themselves (Gurel
etal,, 2015; Negoro et al,, 2020; Rahmawati et al., 2017).

Several studies have shown the possibility of misconceptions that occur in the conception of physics, especially the wave
material, which is proven through a concept mastery test. Apparently, there are still many misconceptions about the
interpretation of the concept compared to the valid conception, including the speed of propagation of a mechanical wave
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is influenced by the shape of the pulse, frequency, and wavelength regardless of the medium of propagation (Barniol &
Zavala, 2016; Negoro et al,, 2023; Reyes & Rakkapao, 2018). Then, there is a physical error in understanding that departs
from mathematical equations, which are still found, one of which is the difficulty in understanding the meaning of positive
and negative signs in the wave equation, the difference in the trigonometric forms used (sin or cos), and so on (Auli et al.,
2018; Kennedy & de Bruyn, 2011; Somroob & Wattanakasiwich, 2017; Zaleha et al., 2017).

Starting from students’ thinking processes, misconceptions will be closely related to students' critical thinking skills
(Dellantonio & Pastore, 2021; Stupple et al.,, 2017). Several factors that cause misconceptions are physical phenomena
from students' daily experiences which are naturally interpreted by students themselves to produce a frame of mind as
the meaning of these phenomena (Bozzi et al., 2020; Suprapto, 2020). The framework in question is a pattern which is a
simplification of the translation of phenomena using students' thinking instruments naively. The accuracy of this
interpretation is strongly influenced by critical thinking skills which in turn with a description of students' critical
thinking skills, we will be able to uncover the main problems that cause misconceptions (Negoro et al., 2020). Based on
this description, an evaluation instrument is needed which can be called a diagnostic tool that refers to critical thinking
skills.

Various experts argue that the critical thinking skills tool used in physics education has another function, namely as a
diagnostic tool for physics material misconceptions (Negoro etal., 2020; Tiruneh et al., 2017). Although, there is still little
research that reveals this, rationally, it can be understood that revealing students' ways of thinking about a physical
phenomenon which is then called a concept will simultaneously reveal their critical thinking skills (Dellantonio & Pastore,
2021; Negoro et al., 2020; Rusilowati et al,, 2020). As a result of this, it is clear how critical thinking skills and
misconceptions are closely related qualitatively. This relationship can be clarified by describing that critical thinking
skills are the main instrument for students to understand the concept of physics (Dellantonio & Pastore, 2021).

Departing from several research results on critical thinking skills, in general, there are still questions about the level of
validity of evaluation tools that are still in doubt (Leach et al., 2020; Shaw et al., 2020). One of the confirmations is that
there are many debates and proposals that every scientific field should have a different thinking skill domain from other
scientific fields. In addition, many aspects of thinking skills are offered by many experts with the support of various
arguments that are considered unsuitable for certain scientific fields (Hart et al.,, 2021; Ngajie et al,, 2020). This is the
basis for the preparation of a critical thinking skill evaluation tool to date.

Based on the necessity of preparing in critical thinking abilities evaluation tools, then we will be faced with a choice of
versions of the evaluation tools so that it can reveal the components of critical thinking skills as a whole. Various types
of critical thinking skills evaluation tools and their forms were made by several experts with various basic arguments. In
general, essay tests are mostly prepared by several experts because they are very good for measuring high-level mental
processes (Dudung & Oktaviani, 2020; Rusilowati, 2014). Aside from, Essay assessments typically have the ability to fully
show pupils' ideas with a picture of an authentic thinking sequence, such as when students compose a reasoning or
argument that requires a process of analysis, synthesis, and evaluation (Risnita & Bashori, 2020; Rusilowati, 2014).

Various things behind the need for critical thinking skills evaluation tools in accordance with developing a critical
thinking skill assessment as a result of the prior description by researchers that comprehensively raised the theme of
waves that often occured misconceptions. The test tool was developed in an effort to reveal the critical thinking
capabilities or skills of physics students. The content of test tool raised as a problem for each item focuses on content
where students experience misconceptions. Abstraction of a physics concept is an important part in terms of uncovering
students' thinking skills.

Methodology

Research Design

This study falls under the category of research on educational development, or R&D (Research and Development) for
short. This kind of research and development (R&D) is a procedure for creating and evaluating a product (Sugiyono,
2013). Learning tools are products developed here in after referred to as Waves Critical Thinking (WCT) Test for
intermediate level students. The Waves Critical Thinking (WCT) Test's research and development process is divided into
six stages, which are adapted from Borg and Gall (2007) R&D model.



European Journal of Educational Research | 1783

~
Research and review Planning chapter
Kiterature objectives

* Observation of Critical Thinking
Skills
problems at Schools

e Literature review directly from

s Defining the product to be developed
and the formulation of objectives.

coocoooad

(=
0
0
0
0
0
0
0
0
0
0

#I
0
0
0
0
0
0
0
0
0

(=

books, journals, and articles,

Field-testing the Developing a
preliminary form preliminary form

s Developing the initial product form
of the developed prototype model.

o Initial product trials by
content/material experts, learning
design experts (instrument) and field

trials on a small scale \_ y,
i )
\ ST, 1 B0 Y,
Conducting a main field-
7 ™\ test

o WCT tests reliability
s WCT tests characteristics

Revise the
preliminary form

cococococococcocococcocnocoooa

U‘F . 0 s  Construct validity of The WCT
g * [Improvement of products that have Test
0 ; 0 ’
0 been tested repeatedly. g s The CT profile of Students
[}
& | Leccccccccccccccccaaan

kb.:.:.::.:.:.:.::.:a

Figure 1. Step of The WCT test Production
Sample and Data Collection

Field trials were conducted in this investigation, specifically at the primary field-test stage. The trial was conducted at
Teuku Umar High School Semarang and Kesatrian 2 High School Semarang with 106 students as samples. The method of
sampling employed on this study is purposive sampling where this technique determines the sample with certain
considerations. The considerations are (a) Students are part of a group that has studied physics material, namely waves;
(b) Students are part of a group that has studied physics material, namely motion kinematics, particle dynamics, circular
motion, and simple harmonic motion.

Analyzing of Data

The initial stage starts from the analysis of potential and problems where research is carried out to obtain various main
elements to unravel the research problem. The design of the wave material's critical thinking test was then put together
using the information gathered in the first phase. In steps 4 and 6, the product trial was conducted twice, in which the
first trial could be categorized as a small-scale trial with a limited sample and the trial in step 6 was a large-scale trial by
taking into account the large number of samples required for the fulfillment of statistical analysis. The Waves Critical
Thinking (WCT) Test, a product of this study, is a description test with three themes and a variety of critical thinking
ability descriptions that will be used to analyze and rate the critical thinking abilities of middle-level pupils. The wave
material raised consists of several topics that fall into the category of mechanical waves, namely traveling waves,
stationary waves, and wave characteristics in a medium.

Prior to the field trial, the test instrument was tested for feasibility by making a feasibility analysis using professional
judgment. The purpose of this feasibility analysis is to examine the relevance of the content in terms of (a) the material
component specifically the compatibility of the content's presentation with the relevant theory; (b) The aspect of
construction, which includes the content's completeness, the test questions' applicability to the many aspects, the
instrument's ability to disclose critical thinking abilities, and (c) the aspect of language. Specifically, the employment of
strong phrases that adhere to the principles of physics.

The formula was used to examine the feasibility test findings using expert judgment (Anas, 2008)
P =2x100%,
where, P : assessment percentage; f: score achieved; N : total score.

The interpretation of the results obtained are listed in Table 1 as follows the criteria are as follows:
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Table 1. Eligibility Criteria

Percentage (P) Description
1% <P<50% Not feasible
50% <P<70% Quite feasible
70% <P<85% Feasible

85% <P<100% Very feasible

Furthermore, The Waves Critical Thinking Test was put through testing to determine its characteristics as well as its
reliability and construct validity. Using the construct validity with the goodness of fit value, structural equation modeling
(SEM) analysis offers a model with a fit level. Additionally, a second order confirmatory factor analysis (CFA) is used to
demonstrate the construct validity of the WCT by determining the indicator value for the latent variable. In this case, CFA
is used because the latent variables already have clear factors that adapt from the critical thinking domain according to
Halpern Critical Thinking Theory (Tiruneh et al., 2016). Trials were also done to gather test findings as an analytical tool,
including the level of difficulty, power of difference regarding each distinct domain of critical thinking skills, construct
validity, and profiles of students' critical thinking skills. In addition, to test the reliability of the instrument, the Alpha
Cronbach formula was used. The essay test reveals students' answers with a score that refers to the rubric that had been
described in the indicators for each specific CT domain. The essay test reveals students' answers with a score that refers
to the rubric that has been described in the indicators for each specific CT domain. The intended rubric sample can be
seen in the Table 2.

Table 2. Sample of Rubric WCT Test

Theme 1 General Domain: Argument Analysis Items (Question Number 2)

Specific Domain Indicators Score
Argument Part: Students answer with show Relationship of equation v = Af 1
Identify the important variable the waves that are

parts of an argument referencing arguments Melde equation of waves 1

precisely according to the
wave concept

Other variables from the environment
(time-based disturbance instability,
homogeneity of the rope material, the 1
direction of the thrust relative to the
acceleration due to gravity)

Inference of Data:
Criticize validity deep

Students answered with
show deficiencies

Dependent and control variables of the
equationv = Af

generalization test or adequacy of analysis/data Dependent and control variables of waves 1
of the argument according to the Other variables from the environment
concept of waves that can influence (time-based

disturbance instability, homogeneity of 1
the rope material, the direction of the

thrust relative to the acceleration due to
gravity)

Generalization Students answer with Choose based on relationship of 1

Validity: Summing up choose the right argument equationv = Af

statements along with the analysis Choose based on relationship of Melde

correct from the data exactly according to the wave equation of waves

set which are given concept Choose based on relationship of other

variables from the environment with the
phenomenon (time-based disturbance 1
instability, homogeneity of the rope
material, the direction of the thrust

relative to the acceleration due to gravity)

Flawed Argument: Students answer with show that Shows the part that is less based on 1

Identifying information  analysis hiatus of the argument equationv = Af

missing relevance corresponds to the concept of Shows the part that is less based on 1

an argument

waves

Melde equation of waves
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Findings/Results

The Waves Critical Thinking (WCT) Test instrument is the final product of this development research. One of the strategic
uses of this tool is to evaluate middle-level students' critical thinking skills with wave content. Many physics
misconceptions are found, one of which is wave material in students, which is the main reference point for how critical
thinking skills are closely related to the problem. If pupils possess critical thinking abilities, the issue of wave material
misconceptions with a high level of abstraction is thought to be solved. Additionally, the Waves Critical Thinking (WCT)
Test, which aims to expose critical thinking abilities, is anticipated to enable the results to be utilized as a benchmark for
students' wave-related analytical skills. The concepts or conceptual connections that pupils believe more logically can be
demonstrated by this analytical skill.

Research & Review Literature

At this stage, a study of information gathering is carried out by means of a literature study and field observations as a
basis for determining the formulation of the problem and determining the orientation and strategy of product
development to be produced. The results of the search at this stage are broadly (a) there is a connection between the
issue of physics misconceptions, particularly the wave material, and the critical thinking abilities of middle-level
students; (b) It is very challenging to find an evaluation tool for critical thinking skills that refers to the issue of physics
misconceptions. In addition, this research will result in a product that addresses these issues in the form of an assessment
instrument called the Waves Critical Thinking Test (WCT).

Planning Chapter Objectives

The planning stage includes the activities of defining the product to be developed, formulating objectives, estimating
funding requirements, estimating labor and time, and working procedures required during the research. Figure 2
illustrates the material covered by the Waves Critical Thinking Test (WCT), which was developed based on the need
analysis conducted during the Research and literature review stage.

Based on Figure 2, the WCT test content developed covers five domains of CT which aims to reveal critical thinking skills
based on wave mechanics content which is segmented into three question themes. The raised mechanical wave content
is a phenomenon that is closely related to everyday life by providing opportunities for involvement of variables that may
not be controlled as in the laboratory. This becomes material for examining the details of students’ critical thinking skills.

—[ 3 Themes of Question
—[ 5 Domain of CT

Problem accordingto
Middle school level

—‘ Mechanic Waves

Essay Test

Misconception of
Waves

WCT Test

Consistof

More Physical
and Less
Mathematical

Figure 2. WCT Test Contents Break-down

Developing a Preliminary Form

The stage of developing the preliminary form of product, includes the development of the initial product form of the
prototype model being developed, including preparing assessment instruments, and others needed for product testing.
The initial product was developed by focusing on the specification of critical thinking domains that are more directed to
wave content. The five core areas of critical thinking—hypothesis testing, argument analysis, reasoning, likelihood and
uncertainty analysis, and problem-solving and decision-making—are divided into specific domains for the Waves Critical
Thinking Test (WCT) (Tiruneh et al,, 2016). The foundational elements of pupils' critical thinking abilities will consist of
these five elements. Additionally, the construct is detailed in a second-order supporting component that we will refer to
as the Waves Critical Thinking Test for Domain-Specific Problems (WCT). Domain-specific disaggregation produces 18
main indicators which can be seen in Table 3.

The WCT test is structured in an essay test consisting of 3 themes referring to the content of mechanical waves. Theme 1
contains traveling wave content. Theme 2 contains experimental content to determine the main factors determining the
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speed of wave propagation in a medium. Theme 3 contains experimental content to validate Melde's equation regarding
the speed of wave propagation in a medium. Each theme is strived to be very contextual with real life. Experimental
content discussed in theme 3 is related and closely related to students' experiences in everyday life.

Table 3. Specific Domain Thinking Skills of WCT test

No Aspect of CT WCT Test Spesific Domain

1 Hypothesis testing Variable relation
Completeness of Information
Causality Principle
Generalization bias

2 Argument Analysis Argument part
Inference of Data
Generalization validity
Flawed Argument

3 Reasoning Evaluating data
Measuring error
Interpreting result
Ambiguity result

4 Likelihood and uncertainty analysis Predicting by probability
Making decision
Addition Information

5 Problem-solving and decision-making  Alternative decision
Work procedure
Evaluate Solution

Wave content that is too mathematical and has concepts that are difficult to teach is lifted and packaged in a WCT test to
make it easier to convey the constraints of each item so that the analysis bias of students' critical thinking between
physics and mathematics orientation is reduced. This is in line with the issue, which is that many students still have
misconceptions regarding wave phenomena, which are directly tied to daily life (Chen et al., 2020; Karim et al,, 2016; Xu
etal., 2020). The WCT test is based on this issue and aims to demonstrate the critical power in students' thinking, as well
as how they comprehend mathematical formulations and assess the phenomena of wave in life.

Field-testing The Preliminary Form

This stage is then continued with preliminary field testing, namely initial product testing activities by content/material
experts, learning design experts (instrument) and field trials on a small scale. Material experts examine the criteria for
the test instrument, including (a) the items' fit for the test's objectives and the test population; (b) the quality of the data
given in the items; and (c) the clarity of the words, phrases, and representations of each item. The overall proportion
with extremely feasible criteria according to the feasibility test questionnaire was 87.98%.

Although the achievement of eligibility is high, there are suggestions for input from material experts to improve the
preparation of the WCT test. The suggestion in question is the need for some improvements in the form of adjusting the
choice of words that are more easily understood by middle-level students.

In addition, instrument testing was conducted on several middle-level students who had been taught the Wave material.
The qualitative approach was carried out by digging up data through several interviews with students who carried out
the WCT test. According to the findings of the interviews, students generally thought that the context and content of the
WCT test were simple to understand. Also, each item's context is thought to be strongly tied to students' everyday lives
so that they can respond truthfully based on their observations.

Revise The Preliminary Form

Revise the preliminary form stage, is the stage of refinement or improvement of products that have been tested. The
implementation is carried out repeatedly so that a better product is obtained, which is called the main product that is
ready.

The focus of improvement is to improve sentence structure based on word selection that is more appropriate for middle-
level students. This repair is carried out repeatedly with the assistance of a material expert.
Conducting a Main Field-test

In the conducting a main field-testing stage, the main product testing activities are carried out on a wide scale. The trial
was conducted on 106 students from 2 schools, namely SMA Teuku Umar Semarang and SMA Kesatrian 2 Semarang. The
input obtained from this trial phase is used as input for revising the product.
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Broadly speaking, there are 2 main activities in the Conducting a main field-test stage. These activities are operation field
testing and final review of products. Operational field testing is a type of test that is also referred to as an empirical test.
This action is done to evaluate the reliability of the product. The results are evaluated and compared to see the strengths
and weaknesses and to assess whether the developed WCT test is feasible. The final product review stage is the final
revision stage of the resulting product, in order to obtain a product that is ready to be disseminated and implemented.

Characteristics of WCT Test

Hypothesis testing, Argument Analysis, Reasoning, Likelihood and Uncertainty Analysis, and Problem-Solving and
Decision-Making are the critical thinking domains identified by Halpern that are sought to be examined in the WCT test
(Tiruneh et al., 2016).

Table 4. Critical Thinking Skills Achievement

Item Difficulty Level Power of Difference Interpretation
1 0.66b) 0.61 Item used
2 0.823 0.57 Item used
3 0.70b) 0.43 Item used
4 0.299 0.69 Item used
5 0.681) 0.55 Item used
6 0.54"b) 0.52 Item used
7* 0.269 0.14 Item not used
8 0.719 0.44 Item used
9 0.892 0.59 Item used
10 0.869 0.47 Item used
11 0.719 0.63 Item used
12 0.63b) 0.44 Item used
13 0.46"1) 0.45 Item used
14 0.54"b) 0.43 Item used
15 0.70b) 0.42 Item used
16* 0.899 0.13 Item not used
17 0.519 0.50 Item used
18* 0.809 0.16 Item not used
a) Easy PMedium 9JHard

The description of the questions' degree of difficulty and differentiating power in Table 3 provides quantitative
parameters of the WCT test. The WCT test consists of 7 questions with a total of 18 objective items, and it has been
determined that there are 7 easy, 9 middle, and 2 difficult items. Then, the discriminatory power of each item shows that
3 items do not meet the minimum value of distinguishing power so that they must be removed from the WCT test item
objectives.

The test results were also examined in order to determine the WCT test's reliability value. The exam results of 106 middle
school pupils demonstrate the test's dependability. There were 15 objective elements on the WCT exam instrument.
According to the reliability findings, the medium category's Cronbach's alpha score is 0.597.

Construct Validity of WCT Test

The construct validity test was used to evaluate how well the WCT exam results used to gauge students' critical thinking
abilities described the construct of the variable being assessed. The construct referred to here is a specific critical thinking
skill domain, which consists of 15 constructs as well as a reduction of 18 constructs based on the value of the
distinguishing power obtained.

The construct validity of the WCT test uses confirmatory factor analysis (CFA) second order, namely by calculating the
estimated value of the indicator on the latent variable. The validity of an observed variable can be seen from the factor
loading (factor loading = 1) of the variable on the latent variable. If the t-count result is higher than the critical value with
a significance level of 0.05, which is 1.96, then the variables are considered to have strong validity versus constructs or
other variables (Rusilowati, 2014). Construct validity was analyzed by second order confirmatory factors to produce a
Goodness of Fit construct model. The Structural Equation Modeling (SEM) from the Lisrel 8.80 software suite was utilized
for data analysis in this validity test. According to Ferdinand, SEM involves the following steps (a) creation of a model
based on theory; (b) creation of a path diagram; (c) assessment of the Goodness-of-Fit standards; (d) in this step, the
model's adequacy is assessed through an examination of several Goodness-of-Fit criteria. Table 5 and Figure 3 show the
outcomes of the Goodnes-of-fit criteria achieved and the structural modeling together with t-values.



1788 | RUSILOWATI ET AL. / Development of Waves Critical Thinking Test

Table 5. Goodness of Fit Criteria for Critical Thinking Test Instrument

No Goodness of fit Index Cut off Value Result Category
1 X2 Chi square < oa.df (df: 105) 1.285 FIT

2 Significance probability >0,05 all items are significant FIT

3 GFI >0,90 091 FIT

4 AGFI >0,90 0,96 FIT

5 CFI >0,95 0,93 FIT

6 TLI / NNFI >0,95 0,98 FIT

7 NFI >0,95 0,96 FIT

8 RMSEA <0,08 0,01 FIT

9 SRMR <0,08 0.04 FIT

Table 5 shows that the fit category met all nine of the Goodness of Fit Standards for Critical Thinking Test Instruments.
As there is no discernible difference between the covariance matrices and the chi-square value is less than the cut-off
value of 5.25, the model is deemed to be fit. In addition, the values of GFI, AGFI, CFI, TLI, NFI, and RMSEA have values that
satisfy the cutoff value thresholds, at which point the index value is said to be model-fit. It is evident from the index's
findings that the instrument has a high level of validity. In addition, this achievement is in accordance with content
validation which is carried out through adjusting content with the variables to be measured.
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Figure 3. Basic Model for Estimation

The value of the construct variable's loading factor to the latent variable is shown in Figure 3. Based on the results, it is
clear that the overall loading factor value is greater than 0.50, which suggests that the construct variable has strong
validity as an observable indicator to represent the circumstance or description of the hidden variable. Because sufficient
factor loading was achieved, the re-estimate as a model enhancement was not performed. all the components have a good
level of composite reliability (more than 0.7) including (a) Hypothesis testing=0.855; (b) Argument analysis=0.813; (c)
Reasoning=0.842; (d) Likelihood uncertainty analysis=0.721; (e) Problem-solving decision-making=0.788. Based on the
trial of the WCT test instrument, a description of the reliability of the test was found in the medium category which refers
to the Cronbach alpha value obtained at 0.597.

High School Students’ Capacity for Critical Thinking

The trial of the WCT test on several middle grade students provides several descriptions regarding students' critical
thinking skills while at the same time providing a more detailed picture of how their critical thinking is written in the
answers to each WCT test problem. Each item is attempted to be able to reveal each specific domain more deeply through
essay tests.
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According to the results in Figure 4, the domain with the highest achievement is likelihood and uncertainty analysis, and
the domain with the lowest achievement relative to the others is argument analysis. Several factors cause the incomplete
achievement of indicators for each construct from argument analysis from the core of the problem, namely
misconceptions. The construct of the argument part in general can still be achieved well even though students experience
misconceptions. This is because, the argument part analyzes the whole view of the argument by presenting several
important parts without further interpretation from students. Problems arise in the Inference of Data construct, namely
students are required to categorize the truth of the conclusions from the argument part that has been presented. The
wave misconception in students will greatly affect the completeness of Inference of Data analysis in an argument. Because
in general, wave misconceptions are still found, quantitatively, the domain relationship with the background of good
concept mastery will have a low percentage of achievement.

HT
79.64
PD AA
73.04 66.39
80.37 80.64
LUA R

HT: Hypothesis testing LUA: Likelihood uncertainty analysis
AA: Argument Analysis PD: Problem-solving decision-making

R: Reasoning

Figure 4. CT Skills Achievement

Scoring in the WCT test considers the completeness of the analysis based on the wave matter in detail. This is done with
the intention of maintaining the applicability of the critical thinking abilities provided by mastery of the concept of wave
matter as a construct to the domain. As an illustration, for each theme there are many physical quantities and their
relationships as materials that are used as problems to be analyzed by students so that the results of the analysis require
that the concept of waves be presented. On the other hand, utilizing this type of scoring approach will make it very simple
to remove students' description bias and identify the key components of critical thinking skill.

Mastery of the wave concept becomes the starting point for evaluating the results of the WCT test. This has implications
for students, namely students must go through wave learning before carrying out the test. This kind of consideration is
important so that the WCT test function is in the right position, namely analyzing critical thinking skills specifically on
wave material so that the expected domain depicted from the construct appears in its entirety without any errors due to
student answers that are too broad due to the fact that the test is an essay answer.

The consistency of the answers from students tested by the WCT test was not between themes, but each theme instructed
several interrelated questions. This is intended to make the correction of student answers in the form of an unlimited
essay (essay) easier. Then, tracing the consistency of student answers on the WCT test will be simple because the scoring
system focuses on the physical conception of wave matter only so that descriptions that are not related to the conception
will be easy to be eliminated.

Qualitatively, many things can be studied from the descriptions made by students. So that the results of the WCT test are
not limited to students’ critical thinking skills, but many other areas that may not be expected to appear but have benefits
for further learning improvement materials. This is an advantage of the essay test where new and unexpected things can
be important findings.

Based on Table 6, it can be observed how the theme presents a phenomenon that is closely related to students’ daily lives.
This approach is called a contextual approach which is intended to make students more motivated to analyze the
phenomenon.
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Table 6. Sample of Argument Analysis Item

Theme 1

Phenomenon Hana tied a rope to a tree and stretched it as shown in the picture. Then Hana moved the rope up
and down periodically so that it formed a wave.

Question Three of Hana's friends, namely Anto, Dilan, and Desi noticed the rope being moved by Hana. Anto
considers that if Hana's up and down rope move faster, the waves produced will reach the tree
faster because the frequency has an effect on the speed of wave propagation. Dilan has another
opinion, namely the fast and slow movement of the rope up and down has no effect on the speed of
the rope wave reaching the tree because the frequency changes accompanied by a change in
wavelength so that the speed of propagation remains constant. Meanwhile, Desi argues that the
bigger the waves created by Hana, the faster the waves will reach the tree, this is because the energy
possessed by the waves will be greater, thus providing more speed for the waves to propagate.
What do you think caused them to disagree? Then who is right? Explain according to the context of

physics.
Argument Analysis item: Demonstrate the variable that refers to two identical arguments.
Student 1 Based on the arguments of Hana's three friends, only Anto has the right arguments. Anto

explained the phenomenon based on the frequency value which is proportional to the wave
speed. The frequency increases if the movement up and down the rope is getting faster then it
will cause faster propagation. The wavelength, in this case, will always be the same

* Score = 1 (relationship of equation v = Af)

Student 2 Hana's three friends argued by considering the frequency-influenced propagation rate, according
to the relationship between wavelength and a period. Based on the most appropriate
relationship, Dilan's analysis is most suitable for the situation, where the speed of propagation
will adjust to the type of propagation medium. This concept will explain the relationship of
frequency values that are not proportional to the speed of propagation so that when the
frequency increases, the speed of wave propagation will remain the same, with the consequence
that the wavelength is getting smaller.

* Score = 2 (relationship equation v = Af), Melde Equation of waves)

Discussion

This study highlights the development of critical thinking skills tests with wave content in the physics domain. The
development of this test departs from the basis that each scientific domain has its own characteristics so that if a skill is
to be measured through the content of a particular scientific domain, it is necessary to specify the domain of a skill. This
test was developed by taking into account wave content which is often a concern for misconceptions. The tendency that
arises is the misconception of wave content caused by low critical thinking skills. Other studies confirm that these two
things are a unity of problems in physics learning that are interrelated (Negoro & Karina, 2019; Prince et al., 2012).

The description instructed in the WCT test does not require excessive mathematical calculations. Physical quantities and
their associations become the focus of the problem. This is in accordance with the basis for the preparation of the WCT
test, namely elevating the evaluation of critical thinking skills from a general domain that is specified into a construct
with physics content, namely waves so that the product of students' thinking in the form of essays emphasizes
understanding physical concepts compared to mathematical concepts. However, mathematical concepts are not
completely eliminated, because physical concepts, especially waves, still require mathematical relationships (Aghvinian
etal, 2021; Getto, 2020).

It is clear from data analysis that the WCT test is feasible as an instrument to test and become the basis for measuring
critical thinking skills specifically on wave content. The WCT test is able to explain the 5 main domains of critical thinking
skills with new constructs to further detail the independence between domains so that critical thinking skills are
measured more thoroughly and without bias.
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As a continuation with the critical thinking skills test outcomes using the WCT test, the test results can be studied more
deeply to qualitatively find out the conceptions of students along with students' ways of thinking and perceptions of a
phenomenon. In line with this, it is believed that the WCT test, used to assess critical thinking abilities, can help students
demonstrate understanding of physics concepts. According to research, this WCT test ability supports the advancement
of students' conceptual mastery by providing detailed and concrete identification connected to critical thinking features
(Tiruneh et al., 2017).

On the other hand, Numerous critical thinking assessments, such as Halpern's Critical Thinking Assessment and
California's Critical Thinking Skills, use a multiple-choice style. This seeks to control participants’ judgements by reducing
the bias of their responses. (Bassett, 2016; Shavelson et al., 2019). The controlled nature of the answers prevents the
critical thinking participants' originality from being revealed (Bassett, 2016; Kleemola et al., 2022; Shavelson et al.,, 2019).
By taking into account response biases through a domain-specific design and extensive indicators, the WCT test in essay
format demonstrates the originality of participants' critical thinking.

The WCT test has been expanded to include components from the reasoning, likelihood and uncertainty, argument
analysis, hypothesis testing, and problem-solving and decision-making domains. This is intended so that measurements
are more specific in physics content, because each scientific family has different characteristics. By taking into account
the analysis of thinking carefully about a phenomenon offered in each theme of the WCT test, hypothesis testing,
argument analysis, and reasoning are prepared. After that, the topics of likelihood and uncertainty analysis, problem-
solving and decision-making are put together by taking into account how well students can break down difficulties using
a thorough and logical analysis based on the concept of opportunity.

The CT domain in the WCT test was made independent of the other CT domains. Independent referred to here is
independent in terms of content raised in the form of different wave concepts, mental conditions that arise from demands
for ways of thinking to unravel phenomena. This is intended so that there is a clear distinction that the critical thinking
domain has independent dimensions but can be generalized as a critical way of thinking.

In addition, the presentation of phenomena in the WCT test is made in the form of story telling and modeling of children's
activities so that it will be more memorable when students read it. This is an adjustment to the generalization of several
studies related to contextual approaches (Aghvinian et al., 2021; Getto, 2020).

Conclusion

It may be concluded that the generated product, namely the WCT test, is valid as a Critical Thinking Instrument based on
the findings of the research and discussion. The results of the content validity test demonstrate this; the overall
percentage is 87.98% with extremely practicable standards. The exam's reliability is demonstrated by the test results of
106 students, which included 15 objective items, and which showed a Cronbach's alpha score of 0.597 with a medium
category. The construct validity test findings demonstrate that all items satisfy the Goodness of Fit requirements,
demonstrating the validity of all WCT test items.

Recommendations

The WCT test's potential utility as a tool for evaluating critical thinking for research purposes is our next goal. The WCT
test is designed to be used as a foundation for responding to additional crucial research questions. We hope that this
effort has a good approach and can be used as a reference for developing and validating assessments of critical thinking
skills in other science content, despite the fact that the validation technique presented in this work still has many flaws.
Some things that can be taken into consideration for future research include how to make an essay test that
accommodates various representations of critical thinking models because the WCT test is limited to solving narrative
problems. The representation in question might lead to the theory of learning modalities and multiple intelligences.

Limitations

Validation of test instruments, measurement of latent components of critical thinking, and evaluation of students'
thinking profiles can be considered as limitations for our study. The specific critical thinking domain that was developed
refers to the field of physics with the involvement of senior high school students which is considered a limitation.
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