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Abstract. In this paper, we introduce a novel approach
to facilitate the acquisition of complex learning con-
cepts among early-age learners, which are typically
designed for older age groups, through programming
workshops. Our research demonstrates how 3rd-grade
elementary school students can effectively comprehend
and apply material typically taught in the 6th-grade
curriculum, specifically related to the coordinate
system and its navigation. We conducted a series of
three iteration tests, with the first two being identical
tests administered three months apart. The third test
was intentionally designed to be more challenging
and intricate to evaluate the student’s ability to
handle more difficult tasks after an additional three
months. Our findings indicate that younger students
can successfully grasp the fundamental concepts of
the coordinate system and its navigation by utilizing
Scratch1 programming and engaging in enjoyable
exercises, such as homework assignments.
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1 Introduction

In today’s rapidly evolving digital world, programming
has become one of the most important skills of the 21st
century. As a result, more and more schools are in-
troducing programming into their curriculum, and re-
search shows that even young children can develop
computational thinking skills through early exposure
to programming languages and screens (Papadakis,
2022). Programming can be introduced as a standalone
subject, or its foundations can be integrated into fun
preschool games, music, dance, and other activities,
which can help children develop the thinking skills
necessary for success in the digital age (Macrides et al.,
2022).

Learning programming can help children stay up-
to-date with the latest technology trends, ensuring that
they are not left behind in the ever-evolving tech land-

1https://scratch.mit.edu/

scape. In addition to learning how to program, chil-
dren can develop other educational outcomes such as
mathematical problem-solving, critical thinking, social
skills, self-management, and academic skills (Popat
and Starkey, 2019). By learning to code, children can
quickly advance and understand and solve problems
they may have never encountered before. Although
the initial results may be poor, after the learning pro-
cess, the material becomes clear, and they are able to
solve tasks with increased accuracy (Pérez-Marín et al.,
2020).

There are several reasons why children are eager to
learn coding. First and foremost, it provides them with
a sense of empowerment and a feeling of control over
the technology that they use on a daily basis. Some-
times children become demotivated by failure if it is
more difficult for them to master a programming task
or to correct a programming error. Therefore, it is nec-
essary to encourage children in fun ways to adopt a
way of thinking, and not to be afraid of trial and er-
ror, because this is the main way of learning. Addi-
tionally, coding is a creative and dynamic process that
encourages children to think critically, problem-solve,
and experiment with different solutions. By master-
ing programming, children can achieve a wide range of
outcomes, such as enhancing their mathematical and
computational thinking skills, developing their social
and emotional intelligence, and gaining a better under-
standing of how technology works and how it can be
used to solve real-world problems (Ryan, 2021). With
the ever-increasing importance of technology in mod-
ern society, the ability to code has become a highly
sought-after skill that can open up a world of possibil-
ities for children and set them on a path toward future
success.

This paper shows how programming can help early-
age learners understand complex learning concepts that
are typically intended for older age groups, through
programming workshops in Scratch. Specifically, our
study focuses on 3rd and 4th-grade elementary school
students and how they can effectively comprehend and
apply material related to the coordinate system and
navigation that is usually taught to 6th-grade students.
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All of the students that has been on the workshops are
9 or 10 years old, and are fluent in reading.

The paper discusses the benefits of teaching com-
putational thinking to young children and how it can
help develop mathematical skills. We first review re-
lated work in this area in the section Related Work,
then describe the workshops we conducted, and the ter-
minology the children have learned. In the section Re-
sults, we present the exam results from three iteration
tests: before any topics were introduced, after three
months of learning, and at the end of the workshops
more challenging tests to evaluate their understanding.
The first two tests were identical, administered three
months apart, and the third was more challenging and
intricate. We discuss and interpret the results before
concluding with a summary of our findings.

2 Related work
Computational thinking is considered a desirable com-
petency for adapting to the future, and it is essential to
introduce it to children at an early age so that they can
adapt and grow alongside the technology. Schools use
a variety of methods to promote computational think-
ing, such as introducing activities such as robotics, pro-
gram design, and game-based learning. Children learn
to cooperate and think differently, connecting concepts
more easily. The most widely accepted concepts are
project-based learning, problem-based learning, coop-
erative learning, and game-based learning. Less com-
mon but still valuable approaches include storytelling,
design-based learning, and aesthetic experience (Hsu
et al., 2018).

Research studies have shown that young children
can benefit from learning programming and computa-
tional thinking skills in various ways. For example,
using tablets or robots in storytelling activities can pro-
mote the development of skills needed in the 21st cen-
tury, such as creativity, problem-solving, and digital
competence, as well as enhance computational think-
ing skills (Yang et al., 2023). ScratchJr is also a tool
that can promote computational thinking skills among
young children (Stamatios, 2022).

Moreover, some studies have demonstrated that
young children can effectively solve complex prob-
lems by breaking them down into smaller tasks. Using
the Bee-Bot robot, children can develop computational
thinking skills (Angeli and Valanides, 2020). It has also
been found that children between the ages of 2 and 4
can learn thinking skills with Bee-Bot, perhaps with
the help of parents or educators (Critten et al., 2022).

Introducing programming in early childhood educa-
tion using robotics kits can foster better communica-
tion, collaboration, and creativity, and promote confi-
dence in children to try new things without fear (Bers
et al., 2019). Research also suggests that children as
young as 8 years old can learn programming skills,
and there are ongoing studies on whether program-

ming should be introduced at an earlier age and when
it should be taught (Duncan et al., 2014).

Scratch, as a programming tool, can help young chil-
dren develop problem-solving skills through game de-
sign activities. Children can identify problems more
easily, think more creatively, and engage in problem-
solving attempts (Erol and Çirak, 2022).

Furthermore, the introduction of programming and
robotics in schools can promote STEM education, and
introducing programming into elementary education
can foster computational thinking skills (Alam, 2022).
Humanoid robots can also help children learn compu-
tational thinking naturally if included in the curriculum
(Chen et al., 2017).

Additionally, studies have shown that using Scratch
to teach programming can enhance computational
thinking and improve mathematical understanding.
Students’ perception of computer science as a disci-
pline changes, and they can switch to more challenging
programming languages because they have already de-
veloped thinking and mathematical skills (Grover et al.,
2015).

Through workshops, simple and fun activities,
games, and the use of various tools such as LEGO
robotic sets, Kodu environments, and mechanical cal-
culators, children as young as 8 years old can learn
abstract concepts typically taught to older children or
even 18-year-olds. These activities provide a hands-on
and interactive approach to learning, enabling children
to explore and experiment with concepts in a playful
and engaging way. By incorporating tools and tech-
nologies, children are exposed to real-world applica-
tions of abstract concepts and can develop a deeper un-
derstanding of their relevance and practical use. This
approach to education has the potential to foster a life-
long love of learning and a curiosity for the world
around them (Sović et al., 2014).

3 Workshop description

3.1 Scratch environment
Scratch is an innovative programming language and
environment developed by the Lifelong Kindergarten
Group at the MIT Media Lab. It is designed as a block-
based system that empowers users to create interactive,
media-rich projects (Maloney et al., 2010). The visual
programming interface of Scratch allows beginners to
concentrate on programming logic without being over-
whelmed by syntax errors. By utilizing a drag-and-
drop approach with vibrant and colorful coding blocks,
Scratch becomes accessible and user-friendly, partic-
ularly for young children who can easily comprehend
and manipulate it.

At its core, Scratch aims to provide a platform that
encourages children to actively create interactive sto-
ries, games, and animations. It follows a structured
learning approach to introduce programming concepts
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gradually. Starting with simple commands, users can
gradually progress to more advanced ideas, building a
solid foundation in programming.

Moreover, Scratch extends beyond programming
and serves as a tool for the intuitive exploration of var-
ious mathematical concepts. It fosters a deeper under-
standing of mathematical principles, allowing children
to engage with mathematics in a creative and interac-
tive manner.

Furthermore, Scratch boasts an online community
comprising both students and educators. This commu-
nity serves as a supportive environment where children
can share their projects, receive feedback, and collabo-
rate with others.

3.2 Workshops organization

Figure 1: Image from workshop

The workshop program aims to familiarize young
children in the early years of elementary school with
the fundamental principles of programming through
the Scratch environment. Students from the 3rd and
4th grades participated in a series of workshops span-
ning 22 weeks.

Table 1: Weekly workshops plans

WEEK DESCRIPTION
1. Getting to know the Scratch environment
2. Coordinate system
3. Directions
4. Directions + Motion

5.,6. Motion, Looks, repeat, forever and if-then
7.,8. Variables, Operators and if-then-else
9. Quiz

10. Advanced motions and operators
11.,12.,13. Project: merging learned knowledge

14.,15. Clones
16.,17.,18. Advanced programming concepts practice

19.,20. Messages
21.,22. Advanced programming concepts practice

Table 1 provides a breakdown of the concepts cov-
ered each week. Each workshop session lasted 45

minutes. Following certain workshops, students were
assigned additional homework, which would then be
thoroughly discussed in the subsequent workshop. On
the link2, it is possible to find projects that were worked
on in certain weeks. Bolded in the table are the weeks
during which survey tests were conducted, assessing
the children’s advancements in comprehending com-
plex mathematical concepts.

Over the course of 22 weeks, the children were in-
troduced to the Scratch environment, fundamental pro-
gramming concepts, and various mathematical con-
cepts that children usually encounter at school at an
older age. As early as the second week, they were
taught about the number line, negative numbers, and
the coordinate system. They further expanded their un-
derstanding through assigned homework. In the third
week, they explored the concept of a complete circle,
learning the measurement of degrees and how they de-
termine direction.

This knowledge of coordinates and directions was
then applied in the creation of interactive games, pro-
viding a practical understanding of basic programming
concepts. The workshop focused heavily on compre-
hending conditions, loops, and variables, while also
delving into advanced Scratch programming topics like
clones and messages.

Figure 2: Example of the task on the workshop

4 The research results

4.1 The first test
At the start of the second workshop, prior to any lec-
tures, children were administered the initial test. Its
purpose was to evaluate the children’s prior knowl-
edge. The initial test consisted of three informative
questions designed to check the children’s familiarity
with Scratch or programming. Throughout the en-
tire semester, a total of 10 children participated in
the workshops, but the comprehensive test results are
available for only 6 of them.

The questions were:

1. Have you ever programmed in Scratch before
these workshops?

2https://scratch.mit.edu/studios/33361306

Proceedings of the Central European Conference on Information and Intelligent Systems_____________________________________________________________________________________________________225

 
34th CECIIS, September 20-22, 2023
_____________________________________________________________________________________________________  

Dubrovnik, Croatia



2. Have you ever participated in STEMALICA’s
workshops before?

3. What is your knowledge of mathematics in
school? What grade did you receive at the end
of last school year?

4. Draw a number line in the space below this ques-
tion.

5. If you have managed to draw the number line be-
low question 4, mark the numbers 1.5 and 3.5 on
it.

6. Write one negative number.

7. Determine the coordinates of points A and B
marked on the coordinate system.

Based on the test results, five participants had prior
programming experience with Scratch, and four had at-
tended previous workshops by STEMALICA. Out of
the group, five had an A grade in math, while one had
a B. Only one participant successfully drew the correct
number line, another attempted it, and the remaining
participants left it blank. None of them managed to
solve the fifth task, which involved marking decimal
numbers. The same participant who drew the correct
number line also correctly wrote a negative number.
One participant wrote a positive decimal number, an-
other wrote a positive integer, and the rest left it blank.
None of the participants even attempted to solve the
final task.

4.2 The second test
After 11 workshops, we conducted a follow-up test
similar to the previous one, but without informative
questions. This time, five participants successfully
drew a correct number line, but only three of them ac-
curately marked decimal numbers on it. All partici-
pants correctly wrote one negative number. Four of
them successfully completed the final task. One par-
ticipant correctly determined one point, but struggled
with the other, while another participant didn’t manage
to complete the task accurately.

4.3 The third test
The examination took place on May 4th, 2023. The
test consisted of seven tasks covering material on the
coordinate system, number line, and negative numbers.
An example task from the exam is shown in the Figure
3, where children had to determine the coordinates of
treasure on the coordinate system.

The test questions were:

1. Please round off the negative numbers from the
given list of numbers: 1.5, -9, 7, 2.25, -1, 0.5, -
1.5, 2, 6.2, -5.3.

2. Please mark the following points on the coor-
dinate system: A(1,1), B(6,2), C(3,6), D(4.5,2),
E(1,3.5).

3. We are in the coordinate system, draw it. The
point (-2, 4) is given, move 4 units to the right,
and then 2 units down. What are the coordinates
of your new point?

4. Please draw a coordinate system. The point (1,2)
is given, move 3 units in the direction of -90°.
What are your new coordinates?

5. Points A(2,2), B(2,5), and C(5.5,2) are marked on
the coordinate system. To complete the rectangle
ABCD, we need the coordinates of point D. What
are its coordinates?

6. Determine the coordinates of points A and B
marked on the coordinate system.

7. What are the coordinates of the treasure?

Figure 3: Example of the task on the test

All participants successfully completed the 1st, 6th,
and 7th questions. The majority of participants faced
difficulties with the 2nd task, but five of them managed
to correctly mark at least one point, with two partici-
pants making only one mistake involving decimal num-
bers. Only one participant successfully completed the
3rd question, while three participants mistakenly inter-
changed the x and y coordinates, leading to incorrect
end point. Similar issues were observed in the 4th task,
with three participants accurately determining the di-
rection despite the confusion in coordinate swapping.
In the 5th task, four participants correctly marked the
point, but only one of them successfully determined the
point’s coordinates, while others continued to struggle
with decimal numbers. One participant misunderstood
the task, and another participant correctly determined
the decimal coordinate but not the integer one.
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Table 2: Percentage of test results and participant’s attendance

1st results [%] 2nd attendance [%] 2nd results [%] 3rd attendance [%] 3rd results [%]
P1 0 85,62 100 86,36 36,67
P2 0 92,31 50 95,45 66,67
P3 50 100 75 100 73,33
P4 0 100 100 90,91 73,33
P5 0 100 62,50 68,18 46,67
P6 0 92,31 62,50 90,91 33,33

4.4 Attendance and test results
Table 2 presents individual participants’ results for
each test and their attendance records. Our goal was to
examine the relationship between these two features.

Table 3: Average scores by tasks

Test 1 [%] Test 2 [%] Test 3 [%]
1. - - 100
2. - - 43,33
3. - - 25
4. 16,67 83,33 25
5. 0 50 54,17
6. 16,67 100 100
7. 0 83,33 100

Table 3 displays the average test scores categorized
by tasks. It is important to note that the 7th task in tests
1 and 2 is identical to the 6th task and very similar to
the 7th task in test 3.

5 Discussion
Looking at results from Table 2 and evaluating the un-
derstanding of materials designed for older children it
can be concluded that the participants exhibited vary-
ing levels of comprehension and skills. The analysis of
their results highlights the importance of an individual-
ized approach and adaptation of instructional materials
to promote optimal learning.

Overall, certain participants demonstrated signifi-
cant progress and exhibited a deep understanding of the
concepts. These individuals successfully completed
tasks, applied correct concepts, and accurately utilized
mathematical notations. Their results indicate abilities
in critical thinking, logical reasoning, and the applica-
tion of learned knowledge.

On the other hand, some participants encountered
challenges and made various errors. These individuals
lacked an understanding of the materials and struggled
to apply the concepts appropriately. Mistakes included
coordinate substitutions, incorrect point labeling, and
difficulties with decimal numbers. Additionally, a lack
of concentration and impulsiveness were observed, re-
sulting in imprecise responses.

These findings highlight the need for adapting in-
structional materials to provide participants with prac-

tical challenges tailored to their understanding. An in-
dividualized approach and careful guidance could en-
hance material comprehension among participants fac-
ing difficulties. It is also important to encourage par-
ticipation and active engagement to improve concen-
tration and reduce impulsiveness. This emphasizes
that the understanding and acquisition of mathemati-
cal concepts among children can vary, and the teach-
ing approach is a significant factor in achieving suc-
cess. Adapting instructional materials, employing an
individualized approach, and promoting active partici-
pation can be crucial and effective methods for enhanc-
ing mathematics understanding among children.

Furthermore, the student who attended all the lec-
tures performed very well on all the tests, indicating a
strong understanding. The errors made, such as swap-
ping x and y coordinates or miscounting cells, may sug-
gest the earlier mentioned tendency toward impulsive-
ness.

Also, participants P1 and P6 who performed poorly
on the third test demonstrated a partial understanding
of the given requirements. They consistently inter-
changed the order of x and y coordinates and misla-
beled the initial coordinate in the third and fourth tasks.
However, they displayed adequate displacement and a
close approximation to the correct solution. The confu-
sion was caused by the picture of the coordinate system
in the second and fifth tasks, which led to incorrect la-
beling and rounding errors. Despite some areas of con-
fusion, the students demonstrated an understanding of
rotation and the coordinate system. We would attribute
these errors to a lack of concentration and impulsive-
ness.

We would like to single out participant P5 who had
a high number of absences in the workshops, which af-
fected his test results. His performance was slightly
poorer, indicating a lack of understanding of the ba-
sic concepts, which could also be noticed on the last
test where his mistakes cannot be called clumsiness,
but rather misunderstanding, because he did not under-
stand some tasks that needed to be done, he also did
not understand how to independently draw a coordinate
system, so he left most of the test blank.

In the beginning, children had little to no knowl-
edge about the subject matter, and on the first test, they
encountered questions such as: "What is a line?" or
"What does a negative number mean?" However, in the
final results, we can see that the children made signifi-
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cant progress and learned the basic concepts of the co-
ordinate system.

Table 3 illustrates the overall group performance on
the test tasks. After 11 weeks, it is evident that partic-
ipants showed significantly greater success in solving
the repeated first test. It is important to note that test
3 posed a significantly higher level of difficulty com-
pared to tests 1 and 2. Nonetheless, progress is clearly
evident. The most notable advancement is observed
in the final task of the 1st and 2nd tests, which corre-
sponds to tasks 6 and 7 in the 3rd test. In the last test,
participants achieved a perfect success rate in solving
these two tasks. On the other hand, the lowest success
rate was observed in tasks 3 and 4 of the third test. The
primary challenge in these tasks appeared to be related
to the reordering of coordinate axes. Additionally, the
infrequency of drawing a coordinate system indepen-
dently during the workshops may have contributed to
this issue.

Children with higher attendance demonstrate bet-
ter understanding, although some may have achieved
lower overall scores. Their responses indicate compre-
hension of the required tasks and approximate accuracy
in their solutions.

6 Conclusion
This paper presents how Scratch programming work-
shops can help younger children grasp complex mathe-
matical concepts and basic programming fundamentals
typically intended for older children. By introducing
children to fun block-based programming in Scratch,
such as using games or everyday life scenarios like
locating objects in a room using a coordinate system,
children are able to overcome abstract and unfamiliar
terms like number lines, coordinate systems, and an-
gles.

Furthermore, the study reveals the positive impact of
workshop attendance on understanding. Although this
may not be fully evident in the final results, participants
who attended most or all of the workshops demon-
strated a better understanding of the subject matter and
the task requirements. On the other hand, the partici-
pant with the lowest workshop attendance showed dif-
ficulties in understanding and did not attempt to solve
certain tasks.

The test results indicate that the children have
learned the basic concepts, although more challeng-
ing tasks were not fully mastered. However, progress
can be seen when they actually understand the task at
hand and what is expected of them, but make minor
mistakes, such as rotating incorrectly in the coordi-
nate system or miscounting steps for movement. This
highlights the importance of consistent workshop at-
tendance for improving comprehension and successful
task completion.

As for future work, it would be interesting to explore
how to further improve the Scratch programming cur-

riculum for young children, perhaps by designing more
challenging exercises that build upon the concepts they
have already learned. Additionally, it could be bene-
ficial to investigate how Scratch programming can be
used to supplement other areas of early childhood edu-
cation, such as creative expression. Finally, it would
be worth exploring the potential impact of introduc-
ing Scratch programming workshops to children from
different socio-economic backgrounds or cultural con-
texts.
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Sović, A., Jagušt, T., and Seršić, D. (2014). How to
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