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Abstract

A diagnostic test of critical thinking ability is a method to reveal the location of
students' weaknesses and strengths in critical thinking skills, especially in
physics subjects. This study aims to develop a diagnostic test of quality critical
thinking skills in physics subjects regarding validity and reliability and the
quality of items in diagnosing students' critical thinking skills. This research is
development research whose development procedure uses a combination of the
Ministry of National Education development model (2007) with the test
development procedure from Mardapi (2017), which consists of 11 steps,
namely: (1) identifying essential competencies that have not been completed,
(2) determining possible root causes of problems, (3) developing test
specifications, (4) writing tests, (5) assessing tests by experts, (6) conducting test
trials, (7) analyzing the quality of test items, (8) ) improving tests, ( 9)
assembling test, (10) conducting the test, (11) interpreting the test result. The
subjects of this study were MAN students in the city of Yogyakarta. Data were
analyzed by CVR, EFA, and PCM tests. The results showed that the diagnostic
test model for critical thinking skills was valid, reliable, and had good item
quality in diagnosing students' critical thinking skills. The diagnostic test results
show that MAN students' critical thinking ability in the city of Yogyakarta in
physics subjects is more dominant in the low category with a percentage of
35.30%. As a result of knowing the description of students' critical thinking
weaknesses, the findings of this study can be used as a reference, particularly
for physics teachers, to improve the quality of physics learning.
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INTRODUCTION

The 21* century is marked by the rapid
development of information technology and
science. They started with technology,
science, society, economics, and education.
Along with this, each country is expected to
have human resources that can adapt to these
developments (Asriadi & Istiyono, 2020). One
of the critical skills needed in the world of
work in the 21st century is the ability to think
critically (Djatmiko et al., 2022). In PISA, this
ability becomes an essential part of the
assessment (AM & Hadi, 2021). Critical
thinking can essentially be developed through
education and training. The teacher, as a
facilitator, designs and implements various
learning strategies to train and stimulate
students so that their critical thinking skills
can be developed (Amin dkk., 2020).

According to (Ennis, 2011), critical
thinking is introspective thinking that focuses
on deciding what to believe and do.
Meanwhile, according to (Mason & Singh,
2016), the concept of critical thinking is
perhaps one of the most important trends in
education, and this trend is dynamically
linked to how teachers teach and students
learn. Critical thinking is a complex skill that
allows a person to obtain information, collect
data, and evaluate findings effectively (Fitriani
et al., 2020). Critical thinking is a
metacognitive process through intentional and
self-regulating reflective evaluation (i.e.,
including sub-skills of analysis, evaluation,
and inference) and disposition towards
thinking (i.e., the degree to which a person is
inclined or willing to perform specific thinking
skills), increasing the likelihood of logical
conclusions or solutions problem (Dwyer &
Walsh, 2020). Fisher and Scriven define
critical thinking as "the skillful and active
interpretation and evaluation of observation,
communication, information, and
argumentation” (de Glopper, 2002). Critical
thinking is the essence of innovative thinking
that shows a person's level of thinking ability

(Baker, 2020). Critical thinking includes
scientific thinking processes that extend to
identifying and defining problems, gathering
information to study the problem in-depth,
analyzing situations concerning the problem,
generating potential solutions to the problems
being addressed, and evaluating proposed
solutions. (Warsah et al., 2021). Based on
some of the points above, it can be concluded
that critical thinking skills are a process that a
person must do to obtain appropriate and
reasonable results or decisions. These issues
are usually made from facts, information, and
knowledge. Training students to master
critical thinking skills is intended so that
attitudes and perceptions are obtained,
actualized, integrated, and advanced
knowledge gained (Himmatussolihah et al.,
2020). To detect the development of students'
critical thinking skills, they can be done by
giving tests (Roohr & Burkander, 2020).

Physics as a subject at the high school
level has particular competencies. Most
students consider physics one of the most
challenging subjects at the high school level,
especially those who take the science program
(AM & Istiyono, 2022). One of the things that
can overcome difficulties in learning physics is
to improve the critical thinking skills of each
student. So it is necessary to identify how
many critical thinking skills in physics subjects
are owned by students. The required tests are
referred to as diagnostic tests.

Diagnostic tests can be wused to
accurately determine the strengths and
weaknesses of students under certain
conditions (Zaleha et al., 2017). The
diagnostic test results can be used to analyze
students' abilities individually or in groups to
improve the learning process. Diagnostic tests
can also be used to outline the form of
assignments by students' character (Hadi et
al., 2015). This test will help analyze students'
learning difficulties and as an effort to
improve learning activities (Triumiana &
Sudarsono, 2017). Diagnostic tests are carried
out after learning but before summative tests,
which aim to provide treatment or
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improvement when problems are found
(Rusilowati, 2015) so that the diagnostic test
identifies the participant's weaknesses and
then provides follow-up according to the
problems experienced.

Diagnostic tests have various forms of
multiple-choice testing, including single-layer,
two-layer, three-layer, and four-layer multiple-
choice diagnostic tests. However, in this
study, a two-tier multiple choice is used or
what is known as a two-tier multiple choice.
The two-level test is a diagnostic instrument
consisting of questions containing choice
content and reasons for choosing the answer
(Gurel, 2015). If the answer choices and
reasons are given correctly, the answer to the
question is correct. Consider the reasons or
explanations behind the student's answer
choices and how their choices relate to the
misunderstanding of the target concept (Tam,
2016). Two-tier multiple-choice tests are
relatively convenient for students and are
more practical and valuable for teachers in
reducing guesswork, allowing for easy large-
scale management and evaluation, and
providing insight into student reasoning.
(Xiao et al., 2018). The advantages of this
instrument are that it is easy to implement in
large classes, has a high level of objectivity,
has comprehensive material coverage, can be
improved, and requires students to think
about determining the right reasons. In
addition, using reasoning when answering
multiple-choice tests is a sensitive and
effective way to add value to the completeness
of their answer choice questions (A. Z. Abidin
et al., 2019). A two-level multiple choice test
can determine a student's ability to learn
critical thinking skills in physics. It is known
that the basic concepts of matter physics
require critical reasoning from natural
phenomena (Chang et al., 2007). Based on the
previous description, this research can be used
to diagnose the level of students' critical
thinking skills. In addition, it can be used as a
reference, especially for physics teachers, to
improve the quality of physics learning by
revealing the location of students' weaknesses

and strengths in critical thinking skills in
physics subjects. Therefore, the purpose of this
study is to develop a construct of a diagnostic
test instrument for critical thinking skills that
are valid, reliable, and has good quality
questions and diagnoses students' critical
thinking skills in physics subjects.

METHODS

This type of research is development
research. In this study, the development
model combines the guidelines for developing
diagnostic tests made by (Depdiknas RI, 2007)
with test development procedures by Mardapi
(2017). The combination referred to in this
study is to combine the guidelines for
developing diagnostic tests from the Ministry
of National Education, which consists of 7
development steps, with the Mardapi test
development model, which has nine
development steps. Therefore, there are 11
steps of developing a diagnostic test model for
critical thinking skills, namely 1) identifying
incomplete  essential  competencies, 2)
determining possible root causes of problems,
3) developing test specifications, 4) writing
tests, 5) assessing tests by experts., 6) carry out
test trials, 7) analyze the quality of test items,
8) improve tests, 9) assemble tests, 10)
conduct tests, 11) interpret test results. The
subjects in this study were students of class XI
science program at MAN 1 Yogyakarta and
MAN 2 Yogyakarta, each school being
sampled by two classes. The instruments used
are validation sheets, critical thinking ability
diagnostic tests, interview guidelines, and test
scoring rubrics. All instruments will be tested
for validity and reliability using Content
Validity Ratio (CVR), exploratory factor
analysis, and Cronbach's Alpha formula. The
data analysis technique used to test the quality
of the items is the Partial Credit Model
(PCM). This analytical technique will analyze
the items using the polytomous type by
expressing the level of interest in the questions
and testing the quality of each item. In
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addition, the quantitative descriptive analysis
was used to determine the results of diagnostic
tests. This descriptive analysis will describe
the results of diagnostic tests by classifying the
position of students' strengths and weaknesses
in quantitative critical thinking.

RESULTS AND DISCUSSION

Instrument Construct

The critical thinking ability diagnostic
test instrument developed in this study
modifies the Watson & Glaser Critical
Thinking Skill Appraisal (WGCTA) model
(Possin, 2014). by forming it into a two-tier
multiple choice test. The final product of the
critical thinking ability test model in physics
subjects is a test designed to diagnose students'
critical thinking skills, especially in physics
subjects. The diagnostic test instrument for
critical thinking skills is adjusted to the
indicators on the physics material. The
indicator of critical thinking ability uses
critical thinking concepts used in the Watson-
Glaser  Critical  Thinking  Assessment
(WGCTA) test, which consists of Conclusion

(Inference), Recognition Assumption,
Deduction (Deduction), Interpretation
(Interpretation), Argument evaluation

(Evaluation). of arguments).

This indicator is then adjusted to the
physics material. The physics material chosen
is mechanics, which consists of sub-materials
of uniform, straight motion, uniformly
changing straight motion, circular motion,
parabolic motion, particle dynamics, work
and energy, momentum & impulse, rotational
dynamics, rigid body equilibrium, and
elasticity. This material was chosen because it
contains a series of basic sub-subjects that
require reasoning and the use of mathematical
formulae formulations. This material also has
a difficulty level of easy, medium, and
complex questions, so it is very suitable for
diagnosing students' critical thinking skills at
MAN in Yogyakarta. This test is in the form
of two-level multiple choice consisting of 15

questions. The test is used to diagnose
students' critical thinking skills in physics
learning which consists of five aspects:
inference, assumption recognition, deduction,
interpretation, and argument evaluation.

Validation Analysis
Content Validity

The results of content validity given by
experts (expert judgment) on the critical
thinking ability diagnostic test instrument
have met the valid criteria based on the CVR
value of each item, which is 0.99. Meanwhile,
the CVI value of the test instrument obtained
a value of 0.99, which was in the excellent
category. So it can be concluded that the
critical thinking ability diagnostic test
instrument has met the valid criteria and can
then be used at the product trial stage.

Construct Validity

This study's analysis of construct
validity (Construct Validity) used EFA
(Exploratory Factor Analysis) analysis.
Prerequisites for using factor analysis include
the KMO & Bartlett test of Sphericity. KMO
value is used to see whether the analyzed data
is feasible. The criteria are that the KMO
value must exceed 0.7 or at least 0.5, and the
Bartlett significance value must be below 0.05.
The KMO value of 0.762 is more significant
than 0.7. The KMO value meets the
requirements, and the significance value is
0.000 less than 0.05, so the cross-correlation
matrix is not a unit matrix, and factor analysis
can be performed. Based on the results of the
EFA analysis, it is known that six items are
not valid because they have a loading factor
value below 0.5. These items are 5, 6, 15, 23,
24, and 30. Apart from these items, they all
meet valid criteria and can be used. Invalid
items will be excluded from the test
instrument.

Reliability Analysis
Based on SPSS analysis, it is known
that the reliability value of Cronbach's Alpha
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is 0.777. Based on the reliability criteria
reference, if the value > 0.60-0.80 is included
in the category of reliable/reliable. So based
on these criteria, the diagnostic test instrument
for critical thinking skills in physics subjects is
said to be reliable.

Quality Analysis of Question Items

Based on the results of the developed
test, it is known that the log-likelihood value is
-4713.892, so it can be concluded that the data
used can be suitable if using the PCM model.
The critical thinking ability diagnostic test will
provide a maximum of 38 information with a
standard error of 0.7 if given to test takers with
a moderate level of ability, which is 0.5. The
lower limit of the interval is at theta -1.7, and
the upper limit is at theta 2.3. These results
indicate that a good test is given in the range
of abilities from -1.7 to +2.3. In addition, ten

items did not fit. From these results, it can be
seen that in measuring the quality of the
questions, the patterns of student responses
will show the level of difficulty of the items
and the student's ability. Items that do not fit
are also determined based on the response
patterns given by the respondents.

Test Diagnostic Results

The results of the diagnosis of
students' critical thinking skills in physics
subjects will be presented in the form grouped
into 16 diagnostic categories. This category is
based on the results of students' analysis of test
questions. The test questions with the lowest
scores on each indicator will describe the
location of students' weaknesses in critical
thinking. For the description of the
categorization results, see table 1 below.

Table 1. Critical Thinking Ability Diagnostic Category

Category Diagnosing Weaknesses in Critical Thinking

Total Students Percentage (%)

Conclusion

Conclusion, Interpretation & Evaluation of Arguments

Conclusion & Evaluation of Arguments
Conclusion & Interpretation
Conclusion & Introduction to Assumptions

Conclusion, Recognition of Assumptions, Interpretation, &

Evaluation of Arguments

Conclusion, Deduction & Evaluation of Arguments

Assumption Introduction

Introduction to Assumptions & Evaluation of Arguments

Pengenalan Asumsi, Deduksi, & Interpretasi
Deduction

Deduction & Interpretation

Deduction & Evaluation of Argument
Interpretation

Interpretation & Evaluation of Argument
Evaluation of Argument

19 18.63
2.94
2.94
4.90
3.92

0.98

0.98
13.73
1.96
0.98
2.94
0.98
1.96
16.67
1.96
23.53

N = =
Rogrvrowroiller » poowow

Based on the results listed in table 1, it
is known that the weakness of students in
critical thinking is the weakest in the argument
evaluation indicator, with a percentage of
23.53%. Then students are also weak in the
conclusion indicator with a percentage of
18.63%. Table 1 shows that the two indicators
of critical thinking skills must be an essential

concern by the teacher and the students if they
want to improve their critical thinking skills,
apart from grouping the diagnostic category of
critical thinking skills. After that, a
recapitulation of the score on each question is
carried out, which can be seen in table 2.
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Table 2. Recapitulation of Scores for Each
Question

Number of Respondents who

Item
scored

Number 0 1 > 3
1 73 1 4 24
2 32 14 28 28
3 27 50 8 17
4 10 8 9 75
5 44 34 12 12
6 25 61 1 15
7 30 15 12 45
8 19 38 7 38
9 38 36 16 12
10 28 16 35 23
11 41 19 19 23
12 54 31 8 9
13 43 12 24 23
14 49 22 9 22
15 50 10 34 8

Based on the information from table 2,
it is known that respondents who get a score
of 0 are dominant on question number 1.
Respondents who get a score of 1 are
dominant on question number 6. Respondents
who get a score of 2 are dominant on question
number 10. Moreover, respondents who get a
score of 3 are dominant on question number
4. In addition to question number 1, the
respondent is more dominant in obtaining a
score of 0. In question number 2, the
respondent is more dominant, obtaining a
score of 0. In question number 3, the
respondent is more dominant in obtaining a
score of 1. In question number 4, the
respondent is more dominant in obtaining a
score of 3. In question number 5, the
respondent is more dominant, obtaining a
score of 0. In question number 6, the
respondent is more dominant, obtaining a
score of 1. In question number 7, the
respondent is more dominant, obtaining a
score. 3. In question number 8, the respondent
is more dominant, obtaining a score of 1 and
3. In question number 9, the respondent is
more dominant. More dominantly get a score
of 0. In question number 10, the respondent is
more dominant in getting a score of 2. In

question number 11, the respondent is more
dominant in getting a score of 0. In question
number 12, respondents are more dominant in
obtaining a score of 0. In question number 13,
respondents are more dominant in obtaining a
score of 0. In question number 14,
respondents are more dominant in obtaining a
score of 0. In question number 15,
respondents are more dominant in obtaining a
score of 0. From these results, a diagnosis can
be drawn that the critical thinking ability of
MAN students is deficient.

DISCUSSION

Diagnostic test instruments can be used
to conduct effective interventions on students
individually or classically to evaluate the
learning process (Duskri et al.,, 2014).
Diagnostic tests provide information in the
form of numbers as an indicator of student
ability and describe student mastery in certain
sub-ability (Hadi et al., 2015). This test
instrument has gone through a series of
development stages so that a set of test
instruments that are valid, reliable, and have
good quality items can be obtained. According
to Hadi et al. (2022), the process of developing
a test instrument that follows a systematic
development procedure will produce a
product that is feasible to use. It is also
supported by Asriadi & Hadi (2021) that the
development of a particular product must go
through complex procedural steps. In
developing a diagnostic test for critical
thinking skills, more emphasis is placed on
detecting students' weaknesses in critical
thinking so that the test results can be used as
material for improvement in learning. Because
as stated by Arisoy & Aybek (2021), "good
thinking" has become very important in
today's world. A good thinker must have
critical thinking skills and critical thinking in
virtue. Therefore, it is essential to detect and
improve students' critical thinking skills for the
better.
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In this study, the quality of the test
instrument can be seen in four aspects, namely
the level of content validity, construct validity,
instrument reliability, and the quality of test
items. Content validity is related to the
rational analysis of the domain to be
measured to determine the representation with
the ability to be measured (M. Abidin &
Retnawati, 2019). It has been theoretically
completed by focusing on three aspects of the
test: material, structural, and
language/cultural (Retnawati, 2016). In this
study, content validity follows the Content
Validity Ratio (CVR) and Content Validity
Index (CVI) formulas. According to Lawshe
(1975), Validity verification only uses three
rating scales, namely (1) essential, (2) helpful
but not essential, and (3) not essential. The
CVR value has a range from -1 to 1. If half of
the SMEs (Subject Matter Experts) state it is
essential, then the CVR value will be worth 0.
CVR will be worth one if all SMEs (Subject
Matter Experts) states that it is essential for an
item (Syahfitri et al., 2019). Items that get a
negative CVR value are invalid and must be
eliminated. The overall test validity value can
be determined using CVI (Content Validity
Index) (Bashooir & Supahar, 2018). In this
study, the diagnostic test instrument has an
excellent level of content validity based on the
CVR and CVI formulas.

Construct validity refers to the extent to
which test items can measure what they want
based on a particular concept or defined
concept definition (Sustekova et al., 2019). the
theoretical process must be carried out starting
from the concept of the variable to be
measured, formulating the  structure,
determining dimensions and indicators, to
determining and writing the instrument.
(Burkholder et al., 2021). The formulation of
construction must be based on the synthesis of
theories about the concept of the variable to be
measured through a process of logic and
careful analysis and comparison (Siwi et al.,
2020). In this study, construct validation used
exploratory  factor analysis or EFA
(Exploratory Factor Analysis). Exploratory

factor analysis detects and evaluates potential
sources of variation or covariance in
measurements (Faizah et al., 2019).
Exploratory factor analysis explores empirical
data to find and detect features and
relationships between variables without
specifying a data model (Retnawati, 2016). In
this analysis, the researcher does not have a
priori theory to formulate hypotheses but only
tests the test items that are feasible and valid
in measuring the critical thinking ability
variable based on the material construction
that has been determined. From the results of
the exploratory factor analysis, 13 test items
could not be used because they had an MSA
(Measure of Sampling Adequacy) value and a
loading factor value of less than 0.05. The test
items that did not pass the analysis were due
to errors in the process of writing test items.
That is because the test items used are
inappropriate for measuring critical thinking
skills. This finding follows the findings of
Fajrianthi dkk. (2016) that the choice of the
wrong topic in the writing of the items will not
be able to measure the critical thinking ability
variable. It is also supported by Lia dkk.
(2020) that value of the loading factor that
does not match the criteria is caused by the
incompatibility of the item with the variable
being measured.

Instrument reliability testing is related
to the instrument's consistency in repeatedly
measuring a variable on the same subject and
conditions (Retnawati, 2016). In the results of
this study, the diagnostic test instrument has
met the criteria for reliability. A reliable
instrument will be consistent in measuring a
variable even though it is tested repeatedly at
different times (Kriswantoro et al., 2021). The
item quality test was tested using PCM
(Partial Credit Model) analysis. This model
focuses on contiguous categories when
estimating the threshold (i.e., difficulty)
between ordered response categories.

Given that an item has K-ordered
response categories, PCM estimates a
threshold of K 1 for the item (Desjardins &
Bulut, 2018). PCM can provide information



Muh. Asriadi AM, et al./ Journal of Research and Educational Research Evaluation 12 (1) 2023 1-11

about students' difficulty levels, which can be
obtained through their errors at each difficulty
level (Shantika & Istiyono, 2019). The use of
the PCM model in measuring the quality of
test items is based on research conducted by
(Wasis, 2013) stated that the use of PCM in
measuring ability in physics subjects can
produce an estimate of ability, which is more
accurate than other types of assessment, based
on the complexity of each option.

Diagnostic  testing allows service
providers, in this case, teachers or schools to
diagnose, monitor, and treat conditions or
anticipate changes in student behavior and
abilities during the learning process (CLPNA
Self-Study Course, 2017). According to
research results by Wijaya & Hp (2013),
diagnostic tests based on indicators and
learning difficulties diagnostic maps are used
to diagnose students' learning difficulties. In
practice, diagnostic tests in the classroom have
two objectives, namely: (1) to identify learning
targets that students have not mastered; and
(2) to find the causes or reasons that make
students unable to master the learning targets
(Prihatni et al., 2016). The results of the
diagnostic test show that students' critical
thinking skills are in the deficient category.
When described more specifically based on
the constituent indicators, it shows that of the
five indicators of critical thinking skills,
namely  Conclusion, Introduction  to
Assumptions, Deduction, Interpretation, and
Argument Evaluation, all of them are in the
shallow categories. That is because so far,
students' individual abilities have not been
paid attention to, so students with weaknesses
will continue to be left behind in learning.
Implementing learning in the classroom is
generally carried out by looking at students as
individuals with the same average ability and
habits. The learning process between students
who have high abilities is undoubtedly not the
same as students who have moderate abilities,
even with students whose abilities are less
(Turkoguz, 2020). The difficulties and
weaknesses of students in learning physics are
related to the mastery of a collection of

knowledge in the form of facts, concepts, or
principles based on the discovery process (di
Uccio et al., 2019). The teacher's ability to
detect student difficulties and weaknesses is a
challenge in physics learning activities to lead
students to achieve success in learning. Each
student in the «class has different
characteristics. Individual differences among
students can be caused by their way of
thinking. Therefore individual differences
need to be considered by teachers in learning
activities (Ketabi et al., 2021). Teachers must
pay attention to individual students; students'
weaknesses and  difficulties must be
considered. Physics learning is currently more
emphasis on the sequence of subject matter,
not on the thinking process and cognitive
psychology of students, so in learning, many
students have difficulties and misconceptions
(Zaleha et al., 2017). Because teachers play an
essential role in overcoming student
difficulties and improving the learning process
in the classroom, the results of diagnostic tests
will be essential input material in improving
and improving the quality of physics learners.
An important finding and a novelty in
this research lie in the product produced,
namely a good and reliable critical thinking
ability diagnostic test instrument that can be
used to diagnose students' abilities in physics
subjects. The second finding that needs
attention for educational institutions is that
critical thinking skills are still meager.
Students' difficulties and weak in learning
physics related to mastering a collection of
knowledge in the form of facts, concepts, or
principles based on the discovery process. In
addition, students whose critical thinking
skills are deficient have the most dominant
weakness in the aspect of argument evaluation
or internal ability or the ability to assess the
strength and relevance of arguments related to
specific problems. All of these findings
conclude that the critical thinking ability
instrument

diagnostic  test effectively

diagnoses students' critical thinking

weaknesses in physics subjects.
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CONCLUSION

The diagnostic test instrument for
thinking skills in physics subjects was
developed based on the adjustment of critical
thinking ability indicators with indicators on
physics material. The indicator of critical
thinking ability uses critical thinking concepts
used in the Watson-Glaser Critical Thinking
Assessment (WGCTA) test, which consists of
Conclusion (Inference), Recognition
Assumption, (Deduction),

Interpretation  (Interpretation), Argument

Deduction

evaluation (Evaluation). of arguments). This
indicator is then adjusted to the physics
material. The diagnostic test instrument for
critical thinking skills in physics subjects has
met the criteria of being valid, reliable, and
has good quality items in diagnosing critical
thinking skills of MAN students in
Yogyakarta.

The test results of students' critical
thinking skills in physics subjects are in a low
category at 35.30%. This test instrument helps
know and analyze the weaknesses of students'
critical thinking skills in learning physics. The
results of this test can be used as a reference to
determine the ability of each student,
especially the ability to think critically.
Detection of critical thinking skills is essential
for the sustainability of a better learning
process because it is a competency that must
be possessed in the 21st-century learning era.

This research also does not still have
limitations, including because this test was
carried out in a COVID-19 pandemic. Of
course, the results would be different if this
test was carried out outside a pandemic. The
focus of the test is only on diagnosing critical
thinking skills so that it has not revealed the
misconceptions that students often experience
in physics subjects.

Suggestions from research for further
research, namely the results of this test, can be
used as a reference to determine the ability of
each student, especially the ability to think
critically. In addition, it will guide teachers
and students in improving and adapting a

better way of learning, especially in physics
subjects requiring critical thinking skills. For
schools, the findings of this study can be used
as a reference for formulating policies to form
a sound learning system. For further research
development, the researcher suggests that this
diagnostic test be used as a reference in
making similar tests to diagnose other abilities
such as creative thinking, communication
skills, and collaboration.
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