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ABSTRACT

This reseacrh is a type of development reseacrh. The aims of this research is to develop an
instrument for mathematical computational thinking tests based on Computer Based Testing (CBT)
using the Quizizz application, evaluate the validity of the developed test instrument, and analyze
the mathematical computational thinking abilities of students. The ADDIE model (Analysis,
Design, Development, Implementation, and Evaluation) is adopted as the method in this research.
A total of 52 students from classes X and XI of SMA Muhammadiyah 1 Surakarta were involved in
this study as research subjects. Data analysis was conducted using the Rasch model with the
assistance of Winsteps Rasch software. The results of this research indicate that 20 items are
categorized as valid. The overall test reliability is 0.62, classified as sufficient, while the reliability
of the test items is 0.88, classified as good. Test analysis of the level of difficulty of test items
reveals that there are 3 items categorized as very difficult, 7 items categorized as difficult, 5 items
categorized as moderate, and 5 items categorized as easy. In general that the computational
thinking skills test does not show a tendency to be biased in any question item, because all
probability values for the question items exceed 0.05. Items are considered unbiased if they do not
give an unfair advantage to any one individual. Based on the experiment in this study, the average
mathematical computational thinking ability of class X students is 75.53, while for class XI
students it is 79.37.
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PRELIMINARY

Advancements in the field of education are greatly influenced by the rapid
development of technology and science (Sudarsana et al., 2019). The Minister of
Education and Culture of the Republic of Indonesia, Nadiem Makarim, is committed to
formulating a curriculum that includes several key skills that students must possess,
including creativity, collaboration, communication, critical thinking, computational
thinking, and empathy (Pramesti, 2019). Students' ability in mathematical thinking is
crucial to address the challenges of the present era (Insani et al., 2021). Mathematics

learning in the 21st century is expected to benefit students in enhancing various skills
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needed in a rapidly changing global context (Cahdriyana & Richardo, 2020). One
important skill in mathematical thinking is computational thinking, which has been
recognized by various studies (Barcelos et al., 2018).

Computational Thinking refers to a thinking process aimed at formulating problems
and their solutions in a way that allows for efficient implementation by an information
processing entity, such as a computer, robot, or human (Bebras, 2019). (Cahdriyana &
Richardo, 2020) also describe that Computational Thinking (CT) involves understanding
how to solve problems by designing appropriate solutions through algorithm creation. In
the context of computational thinking, there are four basic elements that must be
considered in efforts to effectively solve problems, namely decomposition, abstraction,
pattern recognition, and algorithms (Natali, 2022)

Mathematics is a fundamental subject taught formally to students starting from
elementary school level; this subject serves as an indicator in measuring students'
understanding of logic. According to (Bebras, 2019) it is a global effort that aims to
educate teachers and students from elementary/MI level to the general public about
Computational Thinking (Apriani et al., 2021) . The existence of Bebras allows students to
determine solutions to CT-related problems in the form of test items with various problems
contained within mathematical concepts as an application to daily activities.

Computational Thinking has been integrated into the mathematics test of PISA in
2021, which is an important skill to be assessed (Bebras, 2019).Computational thinking
becomes the key to helping students overcome mathematical challenges involving various
skills that train students to formulate problems by breaking them down into smaller
components to enable easier problem-solving (Lee et al., 2014). Additionally, through this
approach, students will be encouraged to test their creativity in facing mathematical
problems (Angeli et al., 2020).

Factually, the current learning model narrows students' opportunities to enhance
computational thinking skills (Marcelino et al., 2018). Teachers are still accustomed to
solving mathematical problems in the form of formulas, which students then memorize and
apply to determine solutions to problems during tests (Lee et al., 2014).This causes
students to become less proactive in improving computational thinking skills, resulting in
low mathematical computational thinking abilities.

The learning process has the potential to change students' behavior through
repeated learning processes. Through evaluation processes, understanding can be gained

about changes in students' behavior post-learning (Thobroni, 2016). Therefore, teachers
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require assessment instruments as tools for evaluating student (Desilva et al., 2020).
Assessment is the process of collecting data through measurement, then interpreting,
describing, and analyzing the data based on information gathered from measurement
results (Pramesti, 2019). The evaluation process becomes an important stage that must be
carried out to determine the effectiveness of learning.

Initially, the assessment process was conducted through conventional methods
using print media such as paper, which was considered less efficient because it would take
longer time for students to complete and for teachers to correct, as well as requiring funds
to provide questions (Lestari et al., 2022). Online technology in the form of computer-
based tools can be used to initiate the development of assessment instruments.
Conventional assessment instruments and techniques can provide an overview of the use of
technology-based evaluation tools (Hamidah et al., 2021). Computer Based Test (CBT) is a
type of test that is conducted through computer devices, minimizing the use of paper, pens,
or pencils to answer questions. Mathematics problems are presented in digital format on
the computer, and answers can also be inputted through the computer system, allowing
exam participants to choose the correct answers or provide written responses if there are
essay questions. Computer-based assessments like this are widely used in various fields,
including education, usually to assess participants' understanding of specific subjects or
courses (Lidya et al., 2018). This step is taken to overcome the shortcomings of traditional
evaluation both in process and results (Farman, et al., 2021)

Quizizz is one of the platforms in multimedia-based interactive learning that can be
implemented in the classroom as a learning evaluation tool, as well as being useful for
learning evaluation processes equipped with various interesting features including music,
themes, and the ability to embed images in the background of questions (Jahring et al.,
2022). Quizizz has advantages such as time limits on questions that can train students to
think quickly and accurately in the process of solving problems. Another advantage is that
students' responses to questions will be displayed through images and can be monitored on
the teacher's computer as the operator (Citra et al., 2020). Quizizz has flexible and
narrative characteristics, meaning that besides being used as a tool for delivering material,
it can also function as a fun and engaging evaluation tool in the learning process (Salsabila
etal., 2020).

Since 2014, the UK government has introduced computational thinking to students
in primary and secondary schools to improve their decision-making and problem-solving
abilities (Malik et al., 2018). Research conducted by (Ardania et al., 2022) the test
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instrument created consists of 20 multiple choice questions and is accompanied by a guide
to using the Quizizz application. The data obtained from this development was analyzed
quantitatively descriptively. After validation, the results showed that the multiple choice
test instrument assisted by the Quizizz application was considered very good, with a
success rate reaching 99.3%. The research concluded that the multiple choice test
instrument using Quizizz could be applied well to students. Based on the background
stated above, the researcher intends to conduct research with the following objectives (1)
developing a computational thinking test instrument, (2) determining validity and
reliability, (3) determining the level of difficulty.

METHODS

This research implements the Research and Development (R&D) type. Reseach and
Development (R&D) involves research followed by development activities (Zahra et al.,
2022). The ADDIE model designed by Dick and Carry (1996) is applied as the
development design in this study. According to Sutama, R&D is an effort to improve
available products or create new ones (Waluyo et al., 2023). The ADDIE model generally
consists of five stages, namely, Analysis, which involves observing through interviews
with teachers at SMA Muhammadiyah 1 Surakarta; Design, which involves designing the
question grid, then creating 20 items with their answer keys; Development, which is the
process of validating an instrument by experts; Implementation, which is the actual step to
implement the created test instrument; and Evaluation, which is a process to review the
results of students’ mathematical computational thinking abilities through the created
instrument.

This research was conducted at SMA Muhammadiyah 1 Surakarta, involving
students from classes X and XIl, each consisting of 26 students. The test instrument used
was mathematical computational multiple-choice items totaling 20 items, designed using
the Quizizz application. Data collection for this research was carried out through online
tests using the Quizizz application. The instrument used was a test instrument containing
items that students had to answer correctly.

The analysis used for the obtained data includes instrument validity analysis,
instrument reliability, and instrument difficulty level analysis. In instrument validity
testing, two tests were conducted: content validity and item validity. The content validity

analysis of the instrument used the Aiken index.
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Tabel 1. Index Content Validity According to Aiken (1985)

Index Level of Validity
<04 Less validity
04-0.8 Moderate Validity
>0.8 High Validity

If the value approaches an Aiken index of 1, it indicates better validity and greater
relevance to the indicators (Retnawati, 2016). Then, Rasch analysis assisted by the

Winsteps application was conducted to test item validity, reliability, and difficulty level.

RESULTS AND DISCUSSION

The online-based test instrument is the outcome of the conducted research. This
result will be implemented through the Quizizz application. This research produces a
product in the form of a quizizz-based test instrument which can be accessed online on that

page https://quizizz.com/admin/quiz/65a51d83ec7f171a417441b2?source=quiz_share.In

this development research, the ADDIE model was applied. The following are the processes
for each sequence in the model.
1. Analysis

The analysis process begins with interviews and observations of mathematics
teachers at SMA Muhammadiyah 1 Surakarta. Based on the interview results, it was found
that teachers have not yet implemented mathematical computational thinking test
instruments. This stage is carried out to determine that the development of the test
instrument meets the needs and can be useful in solving mathematical problems in learning
evaluation. Based on the pre-research analysis, it was concluded that the development of
mathematical computational thinking test instruments is needed to support the
development of 21st-century skills. SMA Muhammadiyah 1 Surakarta already has various
adequate facilities such as computer labs, LCD projectors, Android devices, laptops, and
wifi networks, which can be supporting factors in the creation and implementation of
online test instruments based on Quizizz. After interviewing the teachers, the following
results were obtained: 1) There is no evaluation instrument to test students' mathematical
computational thinking skills, 2) Quizizz application has not yet been implemented in the
learning process at SMA Muhammadiyah 1 Surakarta.
2. Design

In the design process, it starts with designing the question grid, question items, and

answer keys. Twenty multiple-choice question items related to mathematical
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computational thinking are created. These question items are then inputted into the Quizizz
platform, which includes creating a logo, selecting the appropriate subject, adding quiz
names, creating a logo, and inputting question items with answer keys on the Quizizz
platform, as well as setting the tempo for when students respond to questions. The

instrument's appearance is shown in figure 1.
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Figure 1. Display of the Design of the Mathematical Computational Thinking Test
Instrument on Quizizz

3. Development

In the development stage, the instrument that has been designed is then validated by
experts according to construction, content, and language aspects. Validation in the
development of this instrument is carried out by 2 expert parties, namely 1 Mathematics
Education Lecturer and 1 Mathematics Education Teacher from Senior High School.
Referring to the validity test with the Aiken index, it was found that 10 items of the
instrument were declared valid with a high validity category. Expert validation analysis of
the mathematical computational thinking test instrument based on the Quizizz online
application indicates that it falls into the valid or highly valid category with a score of
0.83333. Experts also provide several suggestions for improvement such as using correct
language
4. Implementation

The validated test instrument is then implemented in the classroom. This
implementation stage involves students from classes X and XI of SMA Muhammadiyah 1

Surakarta, each consisting of 26 students per class. The workflow of this implementation
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stage is that each student completes a set of 20 multiple-choice questions online through
the Quizizz platform. Then, the scores obtained by the students are used for calculating the
validity of the items. Validity testing is conducted by linking the scores obtained for each
question item with the total scores of each individual. Data processing in this validity test
uses the Rasch model assisted by the Winsteps program. Item validity testing is conducted
for two classes with a total of 52 respondents. Meanwhile, decision-making is based on the
values of Outfit Z-Standard (ZSTD), Outfit Mean Square (MNSQ), and Point Measure
Correlation (Pt Mean Corr). Validity testing using the Rasch Model, referring to
(Sumintono & Widhiarso, 2015) is conducted to review whether the question items are
considered valid according to the following criteria: Accepted outfit ZSTD value: -2.0 <
ZSTD < +2.0; Accepted outfit MNSQ value: 0.5 < MNSQ < 1.5; Accepted Pt Measure
Corr value: 0.4 < Pt Measure Corr < 0.85. Based on calculations from 20 questionnaire
items that have been tested on respondents, a total of 20 valid questionnaire items were

obtained as shown in Figure 2.

|[ENTRY  TOTAL TOTAL JMLE  MODEL| INFIT | OUTFIT |PTMEASUR-AL|EXACT MATCH |
INUMBER SCORE COUNT MEASURE S.E. |MNSQ ZSTD|MNSQ ZSTD|CORR. EXP.| OBS% EXP%| Item |
| ——m pommmm - fommmm - fomm - fomm - fomm
| 17 20 52 2.32 .3211.12 .9911.38 1.80|A .31 .43] 64.0 68.6]| S17

| 13 25 52 1.84 31011.12 1.2211.23 1.44|B .31 .42 60.0 64.7| S13

| 2 38 52 .54 .3411.16 .9711.09 .45]C .26 .371 70.0 76.0] S2

| 16 44 52 -.28 411 .93 -.19]1.16 .51/D .33 .32] 86.0 84.4| Sl6

| 18 42 52 .03 .3811.09 .4711.12 .46|E .26 .34 80.0 81.4| S18

| 20 41 52 .17 .3711.11 .5811.04 L23|F .28 .35] 78.0 79.9] S20

| 19 41 52 .17 .3711.07 .42 .98 .04|1G .31 .35 78.0 79.9| S19

| 3 44 52 -.28 .4111.05 .26] .81 -.34|H .32 .32] 82.0 84.4] S3

| 5 42 52 .03 .3811.03 .21 .91 -.17]1 .33 .34] 80.0 81.4| S5

| 8 48 52 -1.16 .54] .96 .0311.00 L2213 .26 .25] 92.0 91.9] s8 |
| 7 31 52 1.27 .311 .92 -.68] .95 -.25[|3j .45 .40 78.0 ©7.4| 87

| 11 50 52 -1.94 741 .95 131 .55 -.19]1 .25 .181 96.0 96.0] S11

| 10 46 52 -.66 .46 .93 -.11] .81 -.24]h .34 .29] 88.0 87.9] sS10 |
| 6 35 52 .87 .321 .92 -.56] .83 -.82|g .46 .39 74.0 72.1] S6

| 9 49 52 -1.49 .61 .92 -.01] .75 -.08]f .29 .22 94.0 93.9] S9

| 15 49 52 -1.49 .61] .92 -.01] .75 -.08le .29 .221 94.0 93.9] s15

| 12 49 52 -1.49 .61] .91 -.03] .51 -.48|d .32 .22] 94.0 93.9] s12

| 14 46 52 -.66 .46 .90 -.231 .78 -.29|c .37 .29| 88.0 87.9| sS14 |
| 4 47 52 -.89 .49] .88 -.25] .67 =-.45|b .37 .27]1 90.0 89.9] sS4 |
| 1 13 52 3.10 361 .87 -.62| .76 -.70la .54 44] 82.0 79.2] s1

[ m Fom - Fomm - Fomm Fomm fom—
| MEAN 40.0 52.0 00 441 .99 131 .90 05] | 82.4 82.7]

| P.SD 10.1 0 1.32 12| .09 51| .22 63| | 9.9 9.2]

Figure 2. Calculation Results of Item Validity Test using Rasch Model

Reliability analysis of the online-based mathematical computational thinking skills

test instrument through the Rasch model is presented in Figure 3.
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CRONBACH ALPHA (KR-20) Person RAW SCORE "TEST" RELIABILITY = .62 SEM = 1.6l

SUMMARY OF 20 MEASURED (NON-EXTREME) Item

| TOTAL MODEL INFIT OUTFIT
| SCORE COUNT MEASURE S.E. MNSQ ZSTD MNSQ ZSTD |
| = |
| MEAN 40.0 52.0 .00 44 99 .13 90 05 |
| SEM 2.3 .0 .30 03 02 .12 05 15
| P.SD 10.1 .0 1.32 12 09 .51 22 63
| S.SD 10.3 .0 1.35 12 09 .53 23 65 |
| MAX. 50.0 52.0 3.10 74 1.16 1.22 1.38 80
| MIN. 13.0 52.0 -1.94 31 87 -.68 51 82 |
| = m |
| REAL RMSE .46 TRUE SD 1.23 SEPARATION 2.67 Item RELIABILITY .88 |
|[MODEL RMSE .46 TRUE SD 1.24 SEPARATION 2.70 TItem RELIABILITY .88 |
| S.E. OF Item MEAN = .30

Item RAW SCORE-TO-MEASURE CORRELATION = -.98

Figure 3. Calculation Results of Reliability Test Using Rasch Model

In the figure 3, the Cronbach's alpha value obtained for the reliability of
mathematical computational thinking abilities is 0.62, which falls into the category of
"fair". In the table above, the reliability value of the items is 0.88, categorized as "good" as
stated by (Sumintono & Widhiarso, 2015).

Based on the Rasch Model test results, an analysis of the difficulty level of the
questions is presented with a series of items ranging from difficult to easy. Figure 4
contains the results of the analysis of the difficulty level of mathematical computational

thinking abilities questions.

| ENTRY TOTAL TOTAL JMLE
[NUMBER SCORE COUNT MEASURE

| 1 13 52 3.10
| 17 20 52 2.32
| 13 25 52 1.84
| 7 31 52 1.27
| 6 35 52 .87
| 2 38 52 54
| 19 41 52 17
| 20 41 52 17
| 5 42 52 03
| 18 42 52 03
| 3 44 52 -.28
| 16 44 52 -.28
| 10 46 52 -.66
| 14 46 52 -.66
| 4 47 52 -.89
| 8 48 52 -1.16
| 9 49 52  -1.49
| 12 49 52  -1.49
| 15 49 52 -1.49
| 11 50 52 -1.94
‘ _______________________________
| MEAN 40.0 52.0 00
| P.SD 10.1 0 1.32

Figure 4. Difficulty Level Testing of Item Questions Using Rasch Model




Robiah Nur Haniah, Mohamad Waluyo

Based on the figure 4 above, the measure values indicate the sequence of item
questions from the most difficult to the easiest. Item question number 1 is the most
difficult, while item question number 11 falls into the easy category for students. The
categorization of the difficulty levels of questions can be reviewed based on the mean
value of 0.00 and a standard deviation of 1.32. The data obtained from the analysis of
difficulty levels are grouped into four categories: items with the most difficult category are
indicated by items with measures greater than +1.32 SD, difficult items fall within the
interval of 0.00-1.32, moderate difficulty items fall within the interval of -1.32-0.00, and
easy items have measures below -1.32. The difficulty level test can also be seen in the

Wright person item map. The following Figure 5 displays the results of the Wright person

item map.
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Figure 5. Result of Wright Person Item Map

Based on figure 4 and figure 5 above, there are 5 questions categorized as easy, 5
questions categorized as moderate, 7 questions categorized as difficult, and 3 questions
categorized as very difficult. Questions categorized as very difficult can only be correctly
answered by a few students with very high computational thinking abilities, namely
questions number 1, 13, and 17. Questions categorized as very difficult can only be solved
by students with high computational thinking abilities, namely questions number 2, 6, 19,
20, 5, 18, and 7. Questions categorized as moderate are those that can be easily solved by
students with high mathematical computational thinking abilities, but some students with
low mathematical computational thinking abilities may find them somewhat difficult. The
items categorized as moderate are numbers 3, 4, 10, 14, and 16. Meanwhile, questions
categorized as low difficulty level are questions number 8, 9, 11, 12, and 15. Questions
categorized as low difficulty level mean that they can be answered by all students. The
differences that differentiate each test item are seen based on the DIF value or
characteristics of each item. Evaluation of the characteristics of each test item can be found
in the following figure 6.

| Person SUMMARY DIF BETWEEN-CLASS/GROUP Item

| CLASSES CHI-SQUARED D.F. PROB. UNWTD MNSQ ZSTD Number Name
| == !
| 6 2.0517 5 .8419 .4425 .92 1 01
| 6 6.3995 5 .2689 1.9510 1.39 2 Q2
| 6 7.5180 5 1846 3.0772 2.37 3 Q3
| 6 5285 5 .9910 .1491  -2.02 4 04
| 6 4.1997 5 .5208 1.4887 .88 5 Q5
| 6 4.4745 5 .4830 1.4315 .81 6 06
| 6 7.0009 5 .2203 2.2732 1.70 7 Q7
| 6 2.3513 5 7986 1.0127 .23 8 Q8
| 6 1.4840 5 .9149 .4925 -.79 9 Q9
| 6 3.3878 5 6402 1.1019 .37 10 Q10
| 6 1.6359 5 .8968 .4616 -.87 11 Q11
| 6 2.2302 5 8164 .7800 -.17 12 Q12
| 6 9.8310 5 .0800 2.9541 2.27 13 013
| 6 .9961 5 9629 4546 -.89 14 Q14
| 6 1.2307 5 .9419 4295 -.95 15 Q15
| 6 1.3269 5 .9321 .5175 -.72 16 Q16
| 6 5.8073 5 .3251 1.8901 1.33 17 017
| 6 7.0461 5 .2169 2.4179 1.83 18 018
| 6 8.7824 5 .1178 3.2115 2.47 19 019
| 6 4.9698 5 .4193 1.5494 .96 20 020

Figure 6. Different Power Test Results Test Questions
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Based this figure 6, it can be concluded in general that the computational thinking
skills test does not show a tendency to be biased in any question item, because all
probability values for the question items exceed 0.05. Items are considered unbiased if they
do not give an unfair advantage to any one individual.

5. Evaluation

In this stage, the mathematical computational thinking abilities of students can be

observed after they have completed the questions. The assessment results of students'

mathematical computational thinking abilities can be seen in the following bar chart :

0.85 O Decomposition
0.8
B Abstraction
0.75
0.7 O Pattern
0.65 Recognition
0.6 T T T O Algoritmic
Mean Thinking

Figure 7. Bar Chart Average Computational Thinking Ability for each Aspect of
Class X

Based on figure 7 results of the average scores for each aspect of mathematical
computational thinking abilities in class X indicate that students' abilities in the abstraction
aspect have improved more compared to other aspects. This implies that students in class
X1 have the ability to identify important objects in creating models/representations to solve
a problem. The student test results yield an average score of 75.5357, with the highest
score being 90 and the lowest score being 50. The detailed scores of the class X students'
tests are presented in the table below.

Table 2. Details of Mathematical Computational Thinking Ability Test Results

for Class X
Description Score
The highest score 90
Lowest value 50
Mean 75.5357

The following is the average computational thinking ability of class XI students.
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0.9 = O Decomposition
0.85 1 B Abstraction
0.8 1
O Pattern
0.75 | Recognition
O Algoritmic
0.7 - y y y Thinking

Figure 8. Bar Chart Average Computational Thinking Ability for each Aspect of
Class XI

The mean scores obtained from the bar chart for each aspect of mathematical
computational thinking abilities in class Xl indicate that students' abilities in the
algorithmic thinking aspect have improved more compared to other aspects. This means
that class XI students have the ability to design a series of steps accurately to obtain a
solution to a problem. In contrast to the average scores in class X, the mathematical
computational thinking ability in the abstraction aspect has the lowest average compared to
other aspects. The test results for class XI students show an average of 79.375, with the
lowest score being 40 and the highest score being 100. A detailed description of the test
results for class XI students is provided in Table 3.

Table 3. Details of Evaluation Results of Mathematical Computational Thinking
Abilities for Class XI

Description Score
The highest score 100
Lowest velue 40
Mean 79.375

Based on the description table 3 of the test results for class X and XI students, it
can be concluded that the computational thinking abilities of class XI students show a
better improvement compared to the computational thinking abilities of class X.

Generally based on the validity analysis, reliability test, and difficulty level of the
questions, it can be concluded that the mathematical computational thinking test instrument
is valid and reliable. The online test instrument through the Quizizz application is suitable
for implementation and utilization in the classroom as mathematics learning evaluation
tool (Jahring et al., 2022). Mathematical computational thinking abilities can design the
learning process with the aim of understanding computational thinking approaches to solve
a problem and develop solutions to address problems effectively when needed (Kalelioglu

et al., 2016). Developing online-based test instruments using Quizizz is more flexible, and
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the utilization of information and communication technology in learning activities can
support the quality of education as part of implementing digital learning programs. This is
proven in research (Ardania et al., 2022) that the results of developing a multiple choice
question instrument using the Quizizz application show a very high level of adequacy,
reaching a percentage of 99.3%. Based on evaluations from experts, the multiple choice
questions instrument supported by the Quizizz application can be used effectively for

students.

CONCLUSION

The developed mathematical computational thinking test instrument consists of 20
multiple-choice questions. Based on the findings of this research, all 20 questions were
found to be valid. The overall test reliability score is 0.62, categorized as sufficient, while
the reliability test for individual questions yielded a score of 0.88, categorized as highly
reliable. The difficulty level test revealed that there are 5 questions classified as easy, 5
questions classified as moderate, 7 questions classified as difficult, and 3 questions
classified as very difficult. The computational thinking skills test did not show any bias in
any question item because all probability values for the question items exceeded 0.05.
Based on the average computational thinking ability per aspect, there is still a need to
improve mathematical computational thinking abilities in aspects such as decomposition,
abstraction, pattern recognition, and algorithmic thinking. The description table of test
results for students in both classes X and Xl indicates that the mathematical computational
thinking ability of class X1 students has improved compared to that of class X students.

Referring to the findings of this research, further steps are needed in the
implementation of the test to assess mathematical computational thinking abilities to meet
the challenges of the 21st century. Additionally, improvements are necessary to produce

better instruments that can be tested on a wider scale.
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