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Abstract: Algorithmic thinking is also one of the competencies we must develop in digital literacy and
the ICT era. This study aims to determine the algorithmic thinking skills of prospective ICT teachers
viewed from the accuracy and systematics in the steps to solve a mathematical problem. This research
uses a descriptive quantitative approach, with a non-experimental design. The sampling technique was
purposive sampling. The participants were 85 students of the informatics education program as
prospective ICT teachers. Data analysis refers to the results and steps of task completion. Analysis of
the participants' work results provides information that their algorithmic thinking ability is not optimal.
This is indicated by 67% of participants who are not accurate and not systematic in completing algebraic
mathematics tasks. It means prospective ICT teachers need to improve their algorithmic thinking skills
when producing solutions to solve tasks. The novelty of the research lies in the appropriate and
systematic category indicators, as well as the existence of four models for solving mathematical tasks
that demonstrate the participants' algorithmic thinking skills. In the future, we should explore the
components of algorithmic thinking and how to improve this skill, especially in the domains of
mathematics and informatics education.
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1. Introduction

In the 21st century, education systems increasingly embed digital competencies in their curricula.
Competence in using information technology and computers and digital literacy are essential skills
students need to acquire to thrive in the digital age. Future ICT teachers and students need to master
the skills of working in a digital environment and develop computational and algorithmic thinking skills
[17]. The development of algorithmic thinking in the 21st century is an integral part of modern digital
literacy, as the ability to learn and thrive in a digital environment [27]. As contained in Assessment
Framework 2023, the DigComp Framework describes five competence areas: communication, content
creation, safety, and problem-solving [87]. Algorithmic thinking and problem-solving strategies are
essential principles of computer science [4]. Not only for computer science, algorithmic thinking is also
needed in modern education, especially in problem-solving. As Yustitia, et al. [5] said, modern
education focuses on student-centered learning, aiming to provide students with key cognitive abilities
such as: (1) critical thinking, (2) problem-solving, (3) metacognition, (4) communication, (5)
collaboration, (6) creativity and innovation, and (7) information literacy. Additionally, algorithmic
thinking is one of the abilities that support computational thinking. Following what Aminah et al.
revealed, student activities in learning are always associated with technology and student thinking
activities, and students are expected to be able to think computationally [67]. Therefore, algorithmic
thinking is an essential topic in the 21st century.
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2. Literature Review

Algorithmic thinking is also one of the competencies we must develop in digital literacy and the
ICT era [7, 8]. Through literature study, there are several things related to algorithmic thinking.
Algorithmic thinking is a system of thinking with a construction sequence from the results obtained,
which builds a series of actions and leads to achieving goals [87]. Algorithmic thinking is also concerned
with precisely described routine procedures that can be applied and followed systematically to a
conclusion [97. According to Gejn and Junerman [107] the way of forming algorithmic thinking is
through the systematic and directed application of structural approach ideas. So, algorithmic thinking is
a system of ways of thinking with a systematic construction sequence of actions to find
solutions/achieve goals [10, 117].

Algorithmic thinking is one type of thinking that is needed to support the computational thinking
process. This refers to the fact that computational thinking is an activity related to problem-solving
activities [127]. So, some aspects of computational thinking include automation, abstraction, algorithmic
thinking, and modeling [13-157]. This is in line with what was revealed by Smith & Angeli,
computational thinking as a thought process that utilizes elements such as abstraction, generalization,
decomposition, algorithmic thinking, and debugging [167]. Algorithmic thinking is a required
computational thinking skill [17]. By strengthening algorithmic thinking, we can also enhance
problem-solving skills, learning, and understanding of computer science, especially related to
programming or algorithms [13, 147. There has been research on algorithmic thinking in the field of
mathematics education, but it is still limited to the elementary and secondary education levels [97.

As Blannin and Symons [14] said, algorithmic thinking is an important and strategic focus area for
learning in primary schools, as demand for these technological skills increases in the workplace [147].
Algorithmic thinking involves problem-solving skills, such as confidence and persistence when facing a
particular problem, so that the ability can be used by K-12 students in understanding, applying, and
developing simple algorithms [187]. The research on Students' Computational Thinking Process in
Solving PISA Problems concluded that "the problem-solving steps applied by students are less coherent
because they did not use algorithmic thinking in solving problems of PISA [197. A case study of the
fitth and sixth-grade study groups also resulted in the conclusion that students' algorithmic thinking
skills are low [207]. On the other hand, Algorithmic thinking is one of the competencies we must
develop in ICT [7]. So, in this regard, for students in the informatics education program who will also
become teachers in the field of information technology and computers (ICT), we consider it necessary to
master ICT/digital literacy and also think algorithmically. The students in informatics education as
prospective ICT teachers, need to have the ability to think algorithmically in solving problems.

Polya said that problem-solving is one of the unique human activities [217]. In line with Henra, et al.
[227 said that solving mathematical problems certainly has complex solutions, cannot be solved quickly,
and requires a deep cognitive process [227]. Therefore, one of the most important educational tasks is to
develop students' problem-solving thinking [237. Based on the author's empirical experience and the
results of interviews with one of the author's colleagues who teaches informatics education, the
prospective ICT teachers still experience difficulties in solving mathematical problems.

Participants' ability to think algorithmically in doing assignments will be reviewed from the
accuracy and systematics in the steps to solve a mathematical problem. By knowing this, lecturers will
get an overview of the condition of the ability to think logically, systematically, and precisely in
obtaining solutions to mathematical problems. Therefore, the purpose of the article is following - to
determine the algorithmic thinking skills of the students as prospective ICT teachers that viewed from
the accuracy and systematics in the steps to solve a mathematical problem/task.
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3. Research Method
3.1. Research Design

This study uses a descriptive quantitative approach. We did not give any treatment or manipulation
to the participants before and during the study, to determine and describe the algorithmic thinking skill
of the student. Therefore, the approach used in this research is descriptive quantitative with a non-
experimental design. We did the non-experimental design without treating or intervening with the
variables studied [24].

3.2. Research Subject

The sampling technique we used in this study was purposive sampling. We selected prospective
ICT teacher students from the 2021 and 2022 classes of the informatic education program in of
Universitas Trunojoyo Madura - Indonesia, who had gained knowledge about the material on solving
linear equation systems in linear algebra learning. As many as 86 participants were willing to take part
in this study. They were willing to complete mathematical assignments using the linear row operation
method (a solution method that had been introduced in learning linear algebra material in their
lectures). Previously, the author sent invitations via WhatsApp chat to ask if they were willing to
become participants in our research.

3.3. Research Procedure
Referring to the research flow [257 then this research process flow is presented in the following
Figure 1.

Identifying a Research Problem
Reviewing the Literature
Specifying a Purpose Statement
Consists of:
i * Preparing materials or instruments
Collecting Data %| e Selecting individuals for study
. Obtaming permissions
¢ e Gathering information
Analyzing and Interpreting Data
Reporting and Evaluating
Research
Figure 1.

The Research Process Flow.

3.4 Instruments, and Data Collection Techniques

The data were collected using an essay test of the mathematical task. The mathematics assignment
in this study is related to the problem of linear equation systems on the topic of linear algebra in the
curriculum of the informatics education study program. Figure 2 presents the mathematical task.
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If the linear equation 1s known as follows:
10x, + 8x, = 82
6x; + 8x, = 62

Determine the values of x; and x, using the Gaussian ¢limination method!

Figure 2.
The Mathematical Task Used in This Study.

After solving the task in Figure 2, the author analyzes the participants' work according to the
predetermined categories. Categories are made based on accuracy and systematic steps (algorithms) to
produce the right solution for the system of linear equations. The categories of participants" work are
based on the appropriate and systematic algorithm, consisting of: model A (appropriate and systematic),
model B (Appropriate and unsystematic), model C (Inappropriate and systematic), and model D
(Inappropriate and unsystematic).

The research mathematical task is the problem of linear equations system by Gaussian elimination.
The steps for solving a system of linear equations in this study refer to the steps for solving a system of
linear equations using the Gauss elimination method [267].

a) Step I: Form an augmented matrix of the system of linear equations.

b) Step II: Form the augmented matrix into row echelon form, reduced by using elementary row
operations (the procedure produces a row echelon form and is called Gaussian elimination).

c) Step III: Express the solution of the linear equations system.

Thus, we determine the indicators of accuracy and systematic categories based on the stages in
solving a system of linear equations using the Gaussian elimination method. The following Table 1
presents indicators of accuracy and systematic categories in solving mathematical problems in this
study.

Table 1.
The Indicators of Accuracy and Systematic Categories.
Categories Indicators

Appropriate Appropriate in forming the augmented matrix

Appropriate in determining the solution

Appropriate in reducing augmented matrices to row echelon form

Appropriate in performing elimination procedures using elementary row operations

Systematic in solving a system of linear equations according to the procedure of the Gaussian elimination
method.

Systematic in reducing augmented matrices to row echelon form.

Systematic

If any of the appropriate category indicators are not met, then we decide that the student's work is
inappropriate. Likewise, if any of the systematic category indicators are not met, then we decide that the
participant's work results are not systematic.

In this study, we used the problem of a system of linear equations in two variables with a single
solution, the solution of which will be found using the Gaussian method. Figure 8 shows the alternative
solutions steps for Model A (appropriate and systematic) in solving the task. Here, theoretically, Figure
3 presents a flow chart for the sequence of steps in the alternative solution of the task in this research.
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Input: System of linear -
equation Form an augmented matrix of

system of linear equations

i

Form the augmented matrix into
row echelon form, reduced by
using elementary row operations.

aijx, +azx: =1

Output: the solution of l
linear equations system.

Express the solution of the linear
equations system

x1=mdanx2=n

Figure 3.

An alternative order in solving a system of linear equations using the Gaussian elimination method.

Here, Figure 4 shows the alternative solutions steps for Model A (Appropriate and systematic) in
solving the task in this research.

Solving linear equation system

Steps
The linear equation system is Step I: form an augmented matrix of
10x, + 8x, = 82 the system of linear equations.

6x; + 8x, = 62

So, the augmented matrix of the linear equation system:

(6 sles

i Bies > [1 4|42 Step II: form the augmented matrix
[ & B |62 1. [ 5|s into row echelon form, reduced by
10 6 8le62! using elementary row operations

rn+(—6)ny 1 % 4_51

- 16 |64

0 Sls

5 by Futd

6™ [1 5|5

* 0 114

The corresponding system of equations is Step III: express the solution of the

-4 41 linear equations system
X1 +=XxX32 =—
5 5
X, =4

So, the system has a unique solution_ namely, x; = 5,x> = 4
Figure 4.

The alternative solution in solving linear equations system by Gaussian elimination method.
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4. Analysis and Discussion
4.1. Analysis

After analyzing the participant's work in solving mathematical tasks, we present the results
obtained with the categories of model A (appropriate and systematic), model B (appropriate and
unsystematic), model C (inappropriate and systematic), and model D (inappropriate and unsystematic) in
the chart. Figure 4 is a percentage chart of algorithmic thinking categories based on accuracy and
systematicity in completing mathematical tasks.

m MODELA
= MODELB
m MODELC

MODELD

Figure 4.
Percentage of algorithmic thinking categories based on accuracy and systematicity.

According to the results of descriptive analysis, we obtained 18% of participants categorized into
Model A, 8% of participants categorized into Model B, 12% of participants categorized into Model C,
and 67% of participants categorized into Model D. This provides information that the participants'
algorithmic thinking ability is not yet optimal. This is indicated by the presence of 67% of participants
who are less appropriate and less systematic in completing the tasks given. Details of the percentage of
male and female participants in each algorithmic thinking category are presented in the chart of Figure
5.

40% 38%

35%
29%

30%
25%
20%
15% o
0% 8% 7 7%

5%
5% I lop 2% l
o — []

MODELA MODELB MODELC MODELD
mMALE wmFEMALE

Figure 5.
Percentage of male and female participants in each algorithmic thinking category.
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From the bar chart above, it can be seen that the results of the work on the mathematics task given
to 85 participants are dominated by model D (as many as 67% or 57 participants). Of the 85 participants,
there were 7 males and 8 females whose results of the mathematics task were classified as model A.
There was 1 male participant and 2 females whose results of the mathematics task were classified as
model B. There were 6 male participants and 4 females whose results of the mathematics task were
classified as model C. Also, there were 25 male participants and 32 female participants whose results of
the mathematics task were classified as model D (Inappropriate and unsystematic).

The example results of participants whose work is categorized in Model A are presented in Figure
6. Here, Figure 6 is a scan of the original document which is the result of the participant's work in
determining the solution to a mathematical task related to the material on linear equation systems in
algebra learning.

1 ’.' _P&;ﬁam [.‘p,;er ____________

ol 43, -§2

6%.’-4(72!'1:{)')

e .fdwéon = - - ----=-----=v=-=p Solution
lo 4§ 82 |

\ 6 § b

- — = -» Linear equation

el M.
wr
I
-

w N)
Qo
T

— i e~y
| ‘ w—
aAS
2 v

R
o~ e~
" o
TN

Figure 6.
An example of a participant's result also categorized in model A.
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The steps of the elimination procedure using elementary row operations in Figure 6 use elementary
row operations, including "row addition with multiples of other rows", so it requires several steps to get
the "primary 1" in the first row of the expansion matrix, to produce a row echelon form. This step is
different from the alternative solutions presented in Figure 4. However, the steps presented in Figure 6
are still considered correct and systematic. Therefore, we categorize the results of the participant's work
such as Figure 6 into the Model A category.

The participants also can write the augmented matrix form for a system of linear equations
correctly, i.e.

[10 8 82]

6 8 62

Next, the participant is precise in reducing the augmented matrix to row echelon form, i.e.
1 0 5
[0 1 4

This process uses "elementary row operating procedures appropriately and systematically. The
solution obtained for the system of linear equations is also correct, i.e.: x; = 5 and x. = 4. Based on Figure
6, the participant formed an augmented matrix of the system of linear equations, reduced the augmented
matrix into row echelon form, and expressed the solution of the linear equations system accurately and
systematically.

The results of the participant's work in completing the mathematical task presented in Figure 7 are
included in the category of model B (appropriate and unsystematic). We decided this because the
participant was not systematic in completing her task, namely, she did not present a solution for x; and
Xo. She stopped at the stage of producing a row echelon matrix.

\Ox\ ‘T@K?— ‘—82
X% 8xy:(n

\O 8 \ 82 ’y\:% (»9 4 4) X g 4 |4 }
= s ]
K G 2 G2 G 8 |62 |b2 == 3 4 z#
bbby o\ 2 I B 15 ve [ 015 ]
3 4 \%\x g %9 \3\ \”"3/(\ e |4

br-bx C@| O | S 'X R |\ O l;
g 9 | 3 \@/; }”’ :_rg— K @) \ QOJ Ly

B" & o Aan Rasamaan Karer Auan vaet o i odng o

A &
ada\oh A ©YS ’& . So, the OBE of the two-variable
/"

) 14

~
R 25

* linear equation above is

Figure 7.
Example of the participant's work that categorized in model B.
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Here, Figure 8 presents the participant’s work in solving mathematical tasks categorized in the C
model (Inappropriate and systematic). The result as Figure 8 could be more precise in presenting
elementary row elimination procedures but still classified as systematic in carrying out procedures for

solving systems of linear equations and reducing the augmented matrix to echelon form.

lOXl 'fQXZ. = 82
Jawab<— Solution

0 8 42
b 2 62

bl""j_'l% U 4 4

3 4 3|

_._ﬁ bl“b;- L 8 b
b2 "Ebz

bwgh(\o 9>3hfb=%
=2 3 40

(\09— ¥, =5
0 14

105 A})z
= 04 16

2 4 31

Figure 8.
Example of Participant’s work categorized in model C.

He was inappropriate in using elementary row operations. He wrote b; — % b,. The correct one should

be b, = % b;. The same thing also happens in using elementary row operations for the second row. He

wrote "b, — % b,", it should be "b, = §b2"' Even so, He can apply the steps to solving a system of

linear equations systematically.
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Figure 9.
Example of participant's work categorized in model D.

Figure 9 presents examples of the answers categorized into model D (Inappropriate and
unsystematic). The authors categorize the participant’ works such as Figure 9 into the model D
category (Inappropriate and unsystematic) for several reasons as follows: (a) inappropriate in
determining the solution; (b) inappropriate in reducing augmented matrices to row echelon form.

(c) Inappropriate in performing elimination procedures, using elementary row operations; and

(d) Unsystematic in reducing augmented matrices to row echelon form.

Based on Figure 9, the participant was not appropriate in reducing augmented matrices to row
echelon form. She also was not reducing augmented matrices to row echelon form systematically. At the
end of the reduction process, she presented the matrix as follows.

10 8 82
0 1 2 ]
4

Which is not a row echelon matrix. As a result, the solution provided by her is not correct. It
indicates that She has not been able to complete this math assignment accurately and systematically.

Figures 6 to 9 show the order of solving algebraic mathematical problems carried out by
participants in this study, which represent each category of models A, B, C, and D. The results of the
participants' work in Figure 6 use the ability to solve mathematical problems/tasks according to
algorithms or systematic steps according to the sequence in Figure 3. Therefore, we classify this work
into model A. As we know, algorithmic thinking is the ability of students to work with algorithms and
understand systematic steps or strategies for solving problems.

4.2. Discussion
The results of the participants' answers in solving mathematical tasks (categorized model A) imply
that the participants were involved in an algorithmic thinking process in completing the task. It means
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that algorithmic thinking is needed to solve problems by applying a systematic and accurate sequence of
steps to get the right solution. It is in line with Dogan [277] said that algorithmic thinking is a way to
find solutions by clearly defining steps [277]. Based on the analysis of participants” work results, 59% of
works are categorized in model D. In this case, many participants failed to determine the correct
sequence of steps. As expressed by Kovalchuk, et al. [287 the concept of algorithmic thinking relates to
several skills analyzing initial data and determining the result; finding the sequence of actions necessary
to solve the problem; grouping several simpler tasks in a general task; solving the problem in large
blocks with more detailed elaboration; writing an algorithm for solving the problem [287. This is an
empirical finding indicating that the ability of algorithmic thinking has not been optimally used by
students in completing the tasks at hand. This empirical finding aligns with Bilbao et al, where most
students failed in algorithmic thinking [297.

Related to learning activities of mathematics and informatics materials, algorithmic thinking is also
needed because several mathematics and informatics problems require the ability to think logically,
precisely, and systematically. For example, in solving algebraic problems (mathematics) or compiling
programming algorithms (ICT). When prospective ICT teachers study applied mathematics, they need
to master the main numerical methods and algorithms for solving mathematical problems. This follows
what was expressed by Gavrishina and Zaharov [307] that when students study the field of applied
mathematics, they must have an overview of the available applied program packages, know how to use
numerical methods in solving applied problems using modern computer technology, develop numerical
methods and algorithms, and implement algorithms in high-level programming languages [30, 317. In
line with Dogan [27] study, participants reported that teachers with well-developed algorithmic
thinking skills tend to teach in stages, following a process that facilitates learning, encourages students
to plan nicely and neatly, and helps them develop/improve their algorithmic thinking skills [277.

On the other hand, algorithmic thinking skills can also increase the algorithm's efficiency. In line
with Futschek [827 algorithmic thinking is a collection of abilities connected with building and
understanding algorithms, including the ability to increase the efficiency of an algorithm [327. Given
how important it is for students to have good algorithmic thinking skills, educators must try to improve
their algorithmic thinking skills. By strengthening algorithmic thinking, we can also enhance problem-
solving skills, learning, and understanding of ICT or computer science, especially related to
programming/algorithms, and also improve thinking systematically and logically in solving
mathematical tasks.

5. Conclusion

Algorithmic thinking is a system of ways of thinking with a systematic construction sequence of
actions to find solutions/achieve goals. Based on the research data provides information that the ability
to solve mathematical problems systematically and appropriately is still very lacking. This is indicated
by as many as 67% of participants are not accurate and not systematic in completing algebraic
mathematics tasks. These empirical findings indicate that most students or prospective ICT teachers
still need to improve their algorithmic thinking skills when compiling and producing solutions in
solving mathematical problems.

Algorithmic thinking is required to solve problems by involving a systematic and accurate sequence
of steps to get the right solution. However, we can use algorithmic thinking to increase the efficiency of
problem-solving algorithms. Therefore, algorithmic thinking includes more than abilities to solve
problems systematically, building and understanding the algorithm. It connects to the ability to increase
the efficiency of the problem-solving algorithm. Because many aspects or dimensions influence
algorithmic thinking skills, there are many opportunities for future research. How the process of
algorithmic thinking is a mental activity, what kind of mental activity component of algorithmic
thinking, and how to increase the algorithmic thinking skill is something interesting to study in future
research.
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