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Abstract: Objective: Computational thinking (CT) is a fundamental skill that is a prerequisite for many future professions.
The development of CT attitude is essential, as it plays a crucial role and influences CT in the cognitive domain. However,
measurement scales of CT attitude remain limited, particularly in mathematics learning. Therefore, this study aims to
develop a Computational Thinking Scale—Mathematics Education (CTS-ME) instrument that can be used to measure
attitudes toward CT. Method: This study employed a quantitative approach, involving 231 students as respondents. Content
validity was examined using Aiken’s V, while construct validity was assessed through Confirmatory Factor Analysis (CFA).
Corrected item—total correlation (CICT), Cronbach’s alpha, and McDonald’s Omega were used to examine reliability. Main
Findings: The results revealed that the Aiken’s V value exceeded 0.80 for all items, placing them in the high category. The
CFA results showed that the proposed model achieved adequate fit indices. The instrument also met reliability criteria based
on the three reliability indicators. Conclusions: It can be concluded that this scale is a satisfactory tool for measuring
students’ attitudes toward computational thinking in solving problems in mathematics learning. The CTS-ME instrument is
recommended for use in self-assessment and in mapping students’ initial CT abilities to support the design of differentiated
mathematics instruction. Future studies are advised to involve more diverse samples and to employ advanced analytical
approaches, such as the Rasch Model or SEM, to further strengthen the instrument’s validity and generalizability.

Keywords: Computational thinking, Mathematics Education, Scale, Validity reliability, CFA.
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Introduction

Present-day  technological advancements
require skills that are necessary for adapting to a
computer-based learning environment, with
computational thinking (CT) being a crucial one
(Nouri et al., 2019). It is considered a basic skill
that is required for various professions in the
future (Kafai & Proctor, 2022). The reason for
this is that computational thinking is able to
develop several abilities, such as creativity,
logical and critical thinking, as well as problem-
solving of each individual (Saritepeci, 2020).

CT is not a computer-like way of thinking;
rather, it involves the ability to formulate
problems, compile solutions in the form of
algorithms, identify certain patterns and
representations to solve them, and figure out and
explain any inappropriate solutions. CT is part of

the  problem-solving  thinking  process
incorporating  several  stages:  problem
identification,  data  collection, solution

development, solution implementation, and
assessment (Rao & Bhagat, 2024). Skills in CT
are closely related to mathematics education.
Increasing students' ability to analyze, solve, and
resolve problems in a variety of situations is the
main goal of mathematics education (Yeni ef al.,
2024). Since 2022, Computational Thinking (CT)
has been a key component of mathematical
literacy in PISA assessments. CT requires
logical, analytical, and reflective thinking skills
to solve contextual problems.

Problem-solving is at the core of learning
mathematics at school (Santos-Trigo, 2020; Al-
Khateeb, 2013; Al-Balawneh, 2010). This
process not only helps students master
mathematical concepts, but also prepares them to
face real-life challenges that require logical,
critical, and creative thinking skills (Muchlis et
al., 2023). In the context of mathematics
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learning, students often have difficulty applying
computational thinking concepts to solve
problems. Some of them find it difficult to
analyze and break down word problems into
systematic steps (Kite & Park, 2024), unable to
recognize hidden patterns in a number of
mathematical concepts (Ginat, 2012), difficult to
simplify complex information into a more easily
understandable representation (Rosali & Suryadi,
2021), design logical and sequential problem-
solving procedures (Kuo & Hsu, 2020, and
reflect on mistakes made and improve previously
generated solutions (Nordby et.al., 2022).

The difficulties students face in applying CT
lie in the cognitive domain, reflecting limitations
in developing thinking processes. To improve
this ability, it is not enough to only provide
treatment in the cognitive domain, improving CT
also needs to consider affective factors, such as
students' attitudes towards CT, because attitude
factors also influence the cognitive domain. This
is in line with findings that the cognitive domain
representing learning outcomes shows that
attitudes influence and determine the quality of
student learning outcomes (Smyth et al., 2020;
Richardo et al., 2023a; Richardo et al., 2023b).
Therefore, attitude is very important to be
measured and developed through non-test
instruments, such as the computational thinking
scale (CTS).

By definition, the aspects of CT include
decomposition, algorithmic thinking, abstraction,
as well as pattern recognition and generalization
(Lee at al., 2020; Ehsan et al., 2021). Abstraction
is the ability to identify and select essential
information from a given problem (Kafai &
Proctor, 2022). Decomposition is the ability to
deconstruct complicated issues to simplify them
(Morze et al., 2021). Algorithmic thinking is the
ability to organize solution steps based on

predetermined sub-problems (Purwasih &
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Dahlan, 2024). Meanwhile, pattern recognition
and generalization are the ability to recognize the
same or different patterns to build a general
solution to a given problem (Ye ef al., 2023).

Currently, CTS instruments have been
developed and adapted by several researchers.

The instrument is still limited to the general
domain and specific to certain fields. However,
there is no computational thinking scale available
in the field of mathematics education. Previous
researches related to CTS are presented in Table
1

Table (1): Development of the CTS Instrument Development from 2014 — 2024.

Study Item Indicators Stu(!e.nt of Specific domain
Participant
Korkmaz et al Creatmty', Algorlt.h.m ' Th.mk.mg, Undergraduate
29 Cooperativity, Critical Thinking, General
(2017) . students
Problem Solving
Creativity, Algorithmic Thinking,
Korkmaz and 20 Cooperativity, Critical Thinking, K-10 dan K-11 General
Bai (2019) .
Problem Solving
Sirakaya et al. Creat1v1ty, Algorlt.h.m ' Th.mk.mg’ Secondary school
22 Cooperativity, Critical Thinking, General
(2020) . students
Problem Solving
Junpho et al. Creatmty., Algorlt‘h}n ' Th.mk.mg’ Junior High School
22 Cooperativity, Critical Thinking, General
(2022) . students
Problem Solving
Gok and . - » . . . .
Karamete 19 ab§trqct10n, decompos1t10n, algorlthr'mc Junior High School Computer science
(2023) thinking, evaluation and generalization students and mathematics
Kilic et al Evaluation, conceptual knowledge, . . Computer
(2021) 33 algorithmic thinking University students programming
Vildirim and Abstraction, algorlthm, automation, Primary school
Uluyol (2023) 17 decomposition, students Computer
Generalization/Evaluation
Kukul & 18 Reasoning, Abstraction, Decomposition Secondary school Proerammin
Karatag (2019) and Generalization students g &
Tsai et al. 19 abstraction, decomposition, algorithmic Junior high school Computer literacy
(2021) thinking, evaluation and generalization students education
Problem-solving, Cooperative Learning Junior hieh school
Yagc1 (2019) 42 & Critical Thinking, Creative Thinking, & Robotic
L o students
and Algorithmic Thinking
abs't raction, _pro'blem decomposmc?n', Junior high school Mathematics
Current study 15 algorithmic thinking, pattern recognition .
N students Education
& generalization.

Based on Table 1, there is no specific CTS
instrument in mathematics education. However,
CTS specifically designed for mathematics
education remain very limited. Therefore, there is
an urgent need to develop a CTS tailored to
mathematics education, which represents the
novelty of the current research. In this study, we
adapted the CTS previously developed by Tsai et
al. for computer education literacy (Tsai et al.,
2021). The domain was then contextualized into
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mathematics education, specifically related to
mathematical problem-solving. Therefore, this
study aims to fill the gap as described earlier by
testing the validity and reliability of the CTS for
Mathematics Education (CTS-ME) instrument.
To achieve this goal, two research questions were
raised: (1) Does the CTS-ME fulfill the validity
criteria? and (2) Does CTS-ME
measure?

a reliable
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Method

Sample: This research employed a
quantitative approach (Creswell & Creswell,
2017). The data were collected from two private
junior high schools in Yogyakarta, Indonesia. A
total of 231 students were selected as the samples
in this study from a population of 340 students
using a convenience sampling technique. The
sample size has fulfilled the element of adequacy,
being five times greater than the number of items
(Lakens, 2022)

Instrument: The CTS-ME was developed by
adapting the CTS for educational computer
literacy proposed by Tsai et al., particularly for
junior high school students, which has been
proven valid and reliable. The CTS consists of 19
items with 5 factors: Evaluation, Abstraction,
Decomposition, Generalization, and Algorithmic
Thinking. The evaluation factor consists of 4
items, abstraction consists of 4 items,
decomposition  consists of 3 items,
Generalization consists of 4 items and thinking
algorithm comprises 4 items (Tsai ef al., 2021).

In this study, only 4 factors were adopted,

including Abstraction, Decomposition,
Algorithmic Thinking, and Generalization. The
Generalization factor was developed into Pattern
Recognition and Generalization. This is because
in mathematics learning, especially problem
solving, the context of Generalization is obtained
simultaneously when it has found -certain
patterns. Therefore, the factors in the CTS-ME
Abstraction  (AB),
Decomposition (DC), Algorithmic Thinking
(AT), and  Pattern  Recognition  and
Generalization (PG). CTS-ME is presented in the

form of a Likert scale questionnaire with 5

development  include

response options, ranging from 1 (strongly
disagree) to 5 (strongly agree). The statement

ANUJR-B. Vol. xx (x), xxxx

items on the CTS-ME instrument are presented in
Table 2

Table (2): Items of the CTS-ME instrument.

Factors and Statements

Abstraction

(A1) I picture mathematics problems from a broad
perspective, rather than looking at the details

(A2) 1 picture the connection between different
problems in learning mathematics

(A3) I try to figure out the focal points of a mathematics
problem.

(A4) 1 try to analyze common patterns of different
problems in mathematics learning

Decomposition

(D1) I think about finding solutions to problems in
mathematics learning

(D2) 1 think about the structure of problems in
mathematics learning

(D3) I think about how to divide a large mathematics
problem into several smaller problems

Algorithmic Thinking

(B1) I look for a step-by-step procedure to solve a
mathematics problem

(B2) 1 try to look for an effective solution to a
mathematics problem.

(B3) I try to organize the steps for solving a mathematics
problem.

(B4) I try to find a way to solve a mathematics problem.
Pattern Recognition and Generalization

(PG1) I tend to solve mathematics problems according
to my experience.

(PG2) I try to use commonly used methods to solve
different mathematics problems.

(PG3) I consider how to apply an existing solution to
another mathematics problem.

(PG4) I try to apply familiar solutions to solve more
problems in mathematics learning

Meanwhile, the CTS-ME scale was
administered by gathering students as

respondents in the classroom to participate in a
group session. In this session, each respondent
needed approximately 20 to 30 minutes to
complete the scale. Data collection is carried out
directly by distributing the CTS-ME scale
questionnaire to respondents. In the context of
research ethics in Indonesia, studies focusing on
scale testing do not require formal -ethical
approval, but their implementation still adheres
to basic ethical principles by obtaining official
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permission from the relevant school authorities
before the activity is carried out.

Data Analysis: After the data collection, the
validity and reliability tests were carried out to
ensure the developed instrument was up to the
mark and of high quality (Tobon & Luna-
Nemecio, 2021). There were several stages of
validity testing implemented in this study. First,
the content validity testing was carried out using
the Aiken V index. This test ensures that each
item on the instrument represents the concept or
construct being measured. It was performed
through the review process of experts who are
competent in computational thinking, especially
in the field of mathematics education. On the
other hand, the content validity test seeks to
determine whether the instrument items align
with the theoretical definition and contribute to
the formation of the expected factor structure.
The assessment aspects included in the content
validity test are content, construction, and
language.

The construct validity and reliability tests
were conducted through Confirmatory Factor
Analysis (CFA) wusing Jeffreys's Amazing
Statistics Program (JASP (Rogers, 2024). CTS is
a multidimensional measurement tool consisting
of four main factors, namely abstraction,
algorithmic thinking, decomposition, and pattern
recognition and generalisation. Therefore, CFA
approach is highly suitable for testing the factor
structure of the CTS. CFA is designed to evaluate
constructs consisting of multiple dimensions,
where each factor represents a distinct theoretical
dimension and is measured through a set of
indicator items associated with each latent
variable. CFA is widely used and has become a
standard procedure in validating
multidimensional measurement scales (Brown,
2015; Kline, 2016; Bryant & Satorra, 2012;
Fabrigar & Wegener, 2012).

ANUJR-B. Vol. xx (x), xxxx

The process began with conducting the
Kaiser-Meyer-Olkin (KMO) test by evaluating
the Measure of Sampling Adequacy (MSA)
value. The KMO test was calculated partially
from each factor. The test criterion stipulates that
the MSA value must be greater than 0.5 for the
factor analysis to proceed (Lorenzo-Seva &
Ferrando, 2021). In this study, the MSA (Measure
of Sampling Adequacy) value was used as the
basis for assessing data adequacy prior to
confirmatory factor analysis (CFA). Although
outlier identification is one of the ideal steps in
the pre-processing stage before the KMO test,
this approach was not explicitly carried out. This
is because the MSA value per item has shown
adequate correlation between variables, so it is
considered sufficient to assess the suitability of
the factor structure. Methodologically, this
approach is acceptable as long as there are no
indications of significant disturbances in the
correlation structure of the data (Kaiser, 1974;
Hair et al., 2019; Tabachnick & Fidell, 2013).

Furthermore, the Bartlett test was performed,
with the criterion that if the sig value <0.5, the
correlation between factors or aspects within the
sample is considered strong (DiStefano et al.,
2019). The next step involved determining the
loading factor value, aiming to assess the
correlation between factors and their supporting
variables (Saeed, 2022). The test criterion is that
if the loading factor is greater than 0.4 (N = 321),
the variables contribute significantly to the
underlying factor (Xia & Yang, 2019). The cut-
off values for loading factors based on the sample
size used are presented in Table 3. These values
are used as a reference for assessing the validity
of indicators against the constructs measured.
After that, the determination of the theoretical
model of the designed CTS-ME was conducted
to figure out whether the theoretical model is in
accordance with the data. This can be assessed
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through the fit index obtained and the level of fit
received (Xia & Yang, 2019) presented in Table
4

Table (3): Cutoff Factor Loading Based on Sample Size.

Sample Size (N) Cutoff
N > 350 > 0.30 (Steven, 1992)
N > 200 > (.40 (Hair et al., 2019)
> 0.45 until 0.50 (Comrey & Lee,
N> 100 1992)
> 0.50 until 0.60 (Tabachnick &
N=<100 Fidell, 2019)

Table (4): The fit indices value.

Fit Indices gllt)t:?llllelg Achei[:ted
appoimion sy | 0| <00
Compara(té\i:el )Fit Index 0.94 >0.9
Bollen;l (Iiréirczlr;gltal Fit 0.94 >0.9
Relatilvlz gﬁgﬁgrahw 0.94 >0.9
GoodnesisG (i:fI )Fit Index 0.95 >0.9

Meanwhile, the reliability test was conducted
using the corrected item-total correlation (CITC),
Cronbach’s alpha (CA), and McDonald's Omega
(MO) values across four factors. For the CITC, a
value above 0.3 indicates that the instrument

meets the reliability criteria (Zijlmans et al.,
Table (5): Results of CTS-ME analysis with aiken index V.

2019). Likewise, for CA and MO, if the value is
above 0.6, the instrument is considered reliable
(Taber, 2018).

Result

Content Validity: The content aspect ensures
that the instrument items align with the aspects of
CT, including AG, DC, AT, and PG. The
whether the
instrument has been well adapted and in

construction aspect evaluates
accordance with the context of learning and
mathematical problem-solving. Meanwhile, the
language aspect assesses whether the language
used in the instrument items follows proper rules
and is written in clear, and easily understandable
sentences.

Content validity involved five experts in the
field of mathematics education, three of whom
hold the title of professor and two of whom are
associate professors. The results of the expert
assessment were then analyzed using the Aiken
index (Aiken, 1980). The analysis results indicate
that all CTS-ME instrument items were valid
with a high category. Detailed content validation
results are shown in Table 5.

Item / Indicator R1 R2 R3 R4 R5 Aiken Index (V) Category
Al 4 3 4 3 3 0.85 High
A2 4 3 4 3 3 0.85 High
A3 4 3 4 3 3 0.85 High
A4 4 4 3 3 3 0.85 High
DI 3 4 4 4 3 0.90 High
D2 4 4 4 4 3 0.95 High
D3 4 4 4 4 3 0.95 High
B1 4 3 3 4 3 0.85 High
B2 4 3 4 4 3 0.90 High
B3 4 3 4 4 3 0.90 High
B4 4 3 4 4 3 0.90 High

PGl 3 3 3 4 3 0.80 High
PG2 3 3 3 4 3 0.80 High
PG3 3 3 3 4 3 0.80 High
PG4 3 4 4 4 3 0.90 High

R; = first to fifth validators

ANUJR-B. Vol. xx (x), xxxx
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Table 5 demonstrates that the 15 items of the
CTS-ME instrument have a high content validity
value, implying that all experts agreed to give a
high assessment of the item suitability to the
concept being measured. The V value is an index
of expert agreement on the item’s alignment with
the indicators to be measured. V value greater
than 0.8 suggests that all items are relevant and
effectively measure aspects in CT. Through the
results of empirical data, it can be concluded that
the CTS-ME demonstrates good content validity

Construct Validity: After confirming good
content validity, the construct validity test was
then carried out, involving 231 junior high school
students. Factor analysis was employed for this
test (Trevino, 2021). There were several steps
undertaken, including the KMO test, Bartlett's
test of sphericity, and factor loading analysis. The
detailed results are presented in Table 6

Table (6): Result of the KMO test, Bartlett's test of
Sphericity, and Factor Loading Analysis.

Measurement | P-value St?;ll];“'
Item / of Sampling | Bartlett's
R (Value of
indicator Adequacy test of
(MSA) sphericity Factor
Loading)
PG3 0.839 0.630
PG4 0.832 0.693

Table 6 exhibits the analysis results, showing
the KMO test for each indicator that constructs
the CTS-ME. KMO is the initial requirement to
determine whether factor analysis can proceed,
based on the adequacy of the sample used. In
other words, factor analysis can be continued if
all indicators have an MSA value greater than
0.5. Based on the data analysis, it was found that
all indicators had an MSA value exceeding 0.5,
signifying that the factors or aspects within the
samples are correlated. Additionally, sig value of
Bartlett's test was recorded to be less than 0.5,
indicating a high correlation.

The value of the loading factor determines the
correlation between a factor and its supporting

variables,

showing whether these variables

Measurement | P-value St((iz;l];“;t'
Item / of Sampling | Bartlett's
indicator Adequacy test of (Value of
(MSA) sphericity Fact'or
Loading)
Al 0.663 0.355
A2 0.745 0.504
A3 0.881 0.613
A4 0.878 0.641
DI 0.819 0.628
D2 0.805 0.605
D3 0.892 <0.001 0.524
Bl 0.903 0.705
B2 0.873 0.688
B3 0.842 0.750
B4 0.873 0.597
PGl 0.810 0.460
PG2 0.802 0.475

significantly contribute to the underlying factors.
Each item’s loading factor exceeded 0.4, except
for item A1 under the AB factor, which has a
value of 0.355. In other words, all items within
the DC, AT, and PG factors
significantly, while only 3 items in the AB factor

contribute

demonstrate significant contributions.

Based on these results, item A1, which does
not meet the factor loading criteria, must be
removed. Subsequently, the KMO test, Bartlett's
test of sphericity, and factor loading were
reanalyzed the detailed results are presented in
Table 7.

Table (7): Result of KMO test, Bartlett's test of sphericity and Factor Loading after the removal of item Al.

Measurement of P-value': Std. Est. (all) Average Variance .
- . Bartlett's Composite
Item/indicator Sampling test of (Value of Factor Extracted Reliability (CR)
Adequacy (MSA) sphericity Loading) (AVE)
A2 0.845 0.456
A3 0.878 <0.001 0.628 0.400 0.881
A4 0.879 0.669

ANUJR-B. Vol. xx (x), xxxx
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Measurement of P-Value' Std. Est. (all) Average Variance .

- . Bartlett's Composite

Item/indicator Sampling test of (Value oi: Factor Extracted Reliability (CR)

Adequacy (MSA) sphericity Loading) (AVE)

D1 0.810 0.635

D2 0.779 0.596

D3 0.890 0.526

Bl 0.903 0.706

B2 0.871 0.687

B3 0.848 0.752

B4 0.878 0.598

PGl 0.814 0.460

PG2 0.801 0.478

PG3 0.855 0.622

PG4 0.859 0.698

Based on Table 7, it was obtained that all items
had MSA values above 0.5 and loading factor
values above 0.4. The final step of the CFA test is
to test the theoretical model of the CTS-ME. The
output for the CTS model is presented in Table 8
and the model plot is illustrated in Figure 1

Table (8): The Fit Indices values of model.

Inlc;;zes Obté:;ﬁg Fit Accepted fit | Model
RMSEA 0.08 <0.08 0.069
CFI 0.94 > 0.9 0.903
IF1 0.94 > 0.9 0.905
RNI 0.94 > 0.9 0.903
GFI 0.95 > 0.9 0.987

PG4 | 0,46
PG3| 0.60
PG2 | 0.64

PG1|0.79
B4 | 0,52
B3 10,36

B2 10,46
B1 10,41

PG : Pattern Recognition and Generalisation; AT : Algorithmic Thinking;
AB : Abstraction; DC: Decomposition

Figure (1): Plot of Model.

Based on Table 8, the fit indices indicators
including RMSEA, CFI, IFI, RNI, and GFI have
met the accepted fit value. In other words, the
model satisfies the fit criteria. The CTS-ME
construction in the model consists of four factors,
comprising abstraction with 3 statement items,
decomposition with 3 statement items, pattern

ANUJR-B. Vol. xx (x), xxxx

D3 | 0,68
D2 | 0,57
D1 | 0.51

‘* il
A2 ‘9/68

A4 1043

recognition and generalization with 4 statement
items, and thinking algorithm also with 4
statement items. In addition, the constructs in this
study have a Composite Reliability (CR) value
exceeding 0.80, namely 0.881, indicating a very
high level of internal consistency between the
indicators in measuring each construct. The
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results of the measurement model analysis also
show good fit, as reflected in various evaluation
indices such as RMSEA, CFI, and GFI. These
findings indicate that the instrument has adequate

construct validity.

Table (9): Result of Reliability Test.

Reliability

The reliability test in this study employed
three techniques including CITC, CA, and MO.
These three techniques were chosen for their
complementary nature, leading to a significant
reliability value of the instrument developed.
CITC evaluates each item on the scale, while, CA
and MO assess the overall reliability. The results
of the reliability test are presented in Table 9

Factor Item / indicator CC();‘::eclt:gol;e(rg-ITTo(t;z)ll l\(’l)in])eogl;a(lg)s Cronbach’s Alpha (a)
A2 0.396
Abstraction A3 0.491 0.608 0.603
A4 0.529
DI 0.492
Decomposition D2 0.458 0.614 0.601
D3 0.445
Bl 0.556
Algorithmic B2 0.527
Thinking B3 0.569 o8 0.776
B4 0.504
Pattern PGl 0.394
Recognition and PGg 0.405 0.653 0.649
Generalization RS 0.498
PG4 0.537
Total 0.858 0.854

Based on Table 9, the CTS instrument was
proven to be a reliable instrument. All items
demonstrated a CITC value of more than 0.3
(Zijlmans et al., 2019). This means that all items
in the CTS-ME exhibit a good correlation.
Likewise, the CA and MO values of each factor
exceeded 0.6, so the instrument is categorized as
reliable (Taber, 2018).

Discussion

This study produced an instrument in the form
of a scale called CTS-ME. This instrument can be
used to measure students' CT attitude in learning
mathematics at the junior high school level,
particularly in the context of mathematical
problem-solving. This instrument was developed
by adapting the previously developed CTS. After

ANUJR-B. Vol. xx (x), xxxx

the construct design of the CTS-ME was

successfully  developed, the  instrument
underwent content validation. This process
involved a series of reviews to ensure whether all
items were in accordance with the aspects
measured by the indicators, as well as with the
context and grammar used (Ermis-Demirtas,
2018). Content validation in this study was
conducted by five expert validators in the field of
mathematics education. Meanwhile, the content
validity was analyzed using the Aiken index
formula by looking at the level of agreement
among expert assessments. The calculation
results indicate that the content validity of each
item exceeded 0.8, with an overall average of

0.87. This demonstrates that the instrument has
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fulfilled the validity criteria in the high category
(Angel-Cuervo, 2024).

Furthermore, the construct validity of CTS-
ME, based on the CFA results, signifies that the
suitability criteria for each item are within an
adequate limit. The CITC value for each
indicator was higher than 0.3, while the CA and
MO values for each factor ranged from 0.601 to
0.785. The total CA value and MO value were
recorded at 0.854 and 0.858, respectively. These
values confirm that the CTS-ME satisfies the
reliability criteria (Zijlmans et al., 2019; Taber,
2018). The results of confirmatory factor analysis
indicate that the factor validity of the CTS-ME
scale exhibited an adequate fit: RMSEA (0.069),
CFI (0.903), IFT (0.905), RNI (0.903) and GFI
(0.987). The CTS-ME model theoretically fulfils
the fit index aspects with four aspects, namely
abstraction, decomposition, algorithmic thinking,
and pattern recognition and generalization.

These four aspects were designed using the
context of mathematical problem solving at the
junior high school level. These dimensions also
form the basis for various CT scale instruments
that have been developed previously by Korkmaz
et al. (2017), Tsai et al. (2021), and Gok &
Karamete (2023), demonstrating the consistency
of the multidimensional construct of the CT scale
across different educational levels. There are also
similarities in terms of the respondents'
educational level, namely junior high school
students, which is also the focus of studies by
Junpho et al. (2022), Tsai et al. (2021), and Yagci
(2019), indicating that this age group is important
in the development of CT skills. However, unlike
most previous studies that focused on the context
of computer learning, programming, or digital
technology, this study integrates the conditions of
students' thinking processes in solving
mathematical problems within the context of CT
skills.

ANUJR-B. Vol. xx (x), xxxx

In general, the results of this study indicate
that the developed CTS-ME instrument has met
the criteria for validity and reliability, making it
suitable for use as a non-cognitive measurement
tool for self-assessment, measuring students'
initial abilities in mathematics learning in the
context of CT, thereby enabling educators to
design differentiated teaching methods based on
mastery of CT aspects and the development of
positive attitudes towards mathematics. This
study still has several limitations, including the
fact that respondents were selected from private
schools. Therefore, further research could
address these limitations by including
respondents from public schools, a combination
of both public and private schools, and using a
larger sample size. In addition, alternative
analysis models, such as the Rasch Model or
structural equation modeling (SEM), can be
employed to  more  effectively and
comprehensively assess the validity and
reliability of the instrument.

Conclusions

Computational Thinking Scale - Mathematics
Education (CTS-ME) is a non-cognitive
instrument that empirically meets the aspects of
content validity, construct validity, and
reliability. The construction of this scale consists
of four factors: abstraction with three indicators,
and decomposition, algorithmic thinking, and
pattern recognition and generalization, each with
four indicators.

The content validity indicated by the Aiken V
value exceeds 0.8 for all items, falling into the
high category. The CFA results show that the
established model has adequate fit indices. CTS-
ME has also met the fit index indicators, based
on the RMSEA, CFI, IFI, RNI, and GFI values,
which have met the accepted fit values. The
Composite Reliability (CR) value exceeds 0.80,
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specifically 0.881, indicating a very high level of
internal consistency among the indicators in
measuring each construct. Regarding reliability,
all items show a CITC value greater than 0.3,
meaning all items in the CTS-ME demonstrate
good correlation. Similarly, the CA and MO
values for each factor exceed 0.6, so the CTS-ME
is categorised as reliable.
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