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Global interest in Computational Thinking and learning to code has
increased. Teaching elementary school students to code and develop
computational thinking is a crucial skill for the 21st century. Code.org
or Scratch are increasingly used by researchers and educators to
evaluate the best practices in digital environment. Such an
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INTRODUCTION

Global interest in Computational Thinking and learning to code has increased. Teaching
elementary school students to code and develop computational thinking is a crucial skill for the 21st
century [1-3]. Students in grades K-12 must master computational thinking in order to “think on many
abstractions” [4-6]. Moreover, Computational Thinking aligns with numerous 2Ist-century
competencies, such as problem-solving, creativity, and critical thinking [7].

K—12 students can be introduced to programming through unplugged computing, educational
robotics, and visual programming to foster Computational Thinking skills. Unplugged computing is a
method of teaching Computational Thinking that eschews dual devices in favour of beneficial
instruments and activities. The opportunity to learn more about interacting with programmed or
connected objects is the second advantage of using educational robotics as a teaching tool. To enhance
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Computational Thinking, use visual programming to learn code in new programming environments,
such as Scratch and ScratchJr [1].

Digital learning environment, such as Code.org or Scratch are increasingly used by researchers
and educators to evaluate the best practices in digital environment [8-10]. The learning platform was
designed to teach children as young as three years old programming fundamentals through entertaining
online games [11]. Blocks on Code.org enable novices to structure program without becoming frustrated
while attempting to connect the proper programming syntax [12]. In addition, Hour of Code (Code.org),
the most extensive educational campaign in history, is conducted using Scratch [13, 14]. Code.org
promotes its coding program in schools worldwide, and the initiative has successfully provided services
to more than 500 million students [15]. Despite sheer interest in adopting Code.org for education, most
of the literature, however, reports mainly based on the study of previously published literature [16-18].
Moreover, the block-based programming language has long been considered appropriate for preschool
/ primary school education [19-21]. Even some of the activities may not be appropriate for the early
learner and tend to discourage their interest in programming [22]. Such an understanding leads to the
urgency to investigate how the block-based programming environment contributes to the development
of Computational Thinking and how the development takes place for K-12 students.

This research departed from the previous study on the use of Brennan and Resnick framework to
evaluate the development of Computational Thinking in various literature on visual programming [23],
pertinent to conceptualizing interactive media design in a visual programming activity. Based on their
research, activities like Scratch, Brennan, and Resnick have created a framework for the Computational
Thinking evaluation technique for young people. The framework consists of three dimensions:
computational perspectives, computational exercises, and computational ideas [9, 24].

Despite growing efforts to promote computational thinking (CT), little is known about how early
programmers develop these skills or how best to assess them [22]. As noted by Macrides et al. [16],
while programming is increasingly introduced in early childhood education, there remains a lack of
clarity on effective assessment practices and pedagogical approaches tailored to young learners. Current
research highlights the need for assessment tools that move beyond code accuracy to capture key CT
processes like problem decomposition, algorithmic thinking, and pattern recognition [25]. This article
addresses this gap by investigating, using the Brennan and Resnick framework, how Code.org influences
K-12 students' development of Computational Thinking within a visual programming environment. We
further explore the connection between these acquired skills and K-12 students' problem-solving
abilities.

METHODS

This study employs a qualitative research methodology, specifically a case study design [26], to
gain an in-depth understanding of how K—12 students develop computational thinking through a visual
programming activity. A qualitative case study was deemed appropriate over experimental or mixed-
methods approaches, as the focus of this research is not to measure outcomes or generalise findings but
rather to explore students’ learning experiences, behaviours, and meaning-making processes in a
naturalistic educational setting [27]. Thus, the purpose of the case study aligns with the research
objectives: to gain a deeper understanding of the relationship between Code.org, computational thinking,
problem solving, and K-12 students' learning experiences. The research data consist of student project
documents and interview transcripts, in line with the case study approach, which emphasizes the use of
multiple data sources collected over time. The data collection and analysis followed a structured
sequence: (1) participants were selected using purposive sampling based on their digital literacy and
interest in animation; (2) students engaged in a Code.org “Dance Party” programming task over a
defined period, consisting of ten stages; (3) data were collected through analysis of project artifacts and
semi-structured interviews guided by instruments aligned with the Brennan and Resnick framework;
and (4) the collected data were analyzed thematically following Braun and Clarke’s six-phase approach,
identifying recurring patterns related to computational concepts, practices, and perspectives.

To ensure a targeted sample of participants, we employed purposive sampling [28]. Our focus
was on student in grades K-12 who demonstrated proficiency in reading, technology (computers or
smartphones), and had a keen interest in animation. The samples used were 1 junior high school student,
3 senior high school students, and 1 vocational high school student.
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Table 1. Brennan & Resnick Computational Concept Assessment Instrument

No. Intrument Indicator
1. Sequences Identify a series of steps for a task
2. Loops Execute the same sequence several times
3. Parallelism Make things happen at the same time
4. Events One thing that causes another thing to happen
5. Conditional Make decisions based on conditions
6. Operators Mathematical and logical expressions
7. Data Storing, retrieving, and updating values

The data collection methods used were document analysis and interviews. The participant will be
assigned a “Dance Party” animation creation project on Code.org. The document analysis used is a
student workspace containing several indicators computational concept [24] as seen in Table 1. The
document produced from the animation project assignment is used to explore the computational concept
applied by the participants. The interview will conduct after project assignment. The interviews used
the computational practices and perspectives instruments [24] as seen in Table 2 and Table 3.

Data analysis on qualitative research is often carried out in conjunction with data collection.
Generally, the data collected is in the form of the experiences and perspectives of participants. Because
qualitative research seeks to obtain a detailed description of the object of study [30], this study uses
thematic analysis techniques to process the collected data.

Table 2. Brennan & Resnick Computing Practice Assessment Instrument

No. Intrument Indicator

Develop the concept a little, then try it out and then develop it
some more

Making sure everything works and fixing errors

1.  Being active and incremental

2. Testing and debugging

Create something by developing what others or yourself have
done

Building something big by putting together a collection of
smaller parts

3. Reusing and remixing

4.  Abstracting and modularizing

Table 3. Brennan & Resnick Computational Perspective Assessment Instrument

No. Intrument Indicator
1. Expressing Recognizing that computing is a creative medium
b Connecting Recognizing the power of creating with and for others
3. Questioning Feel empowered to ask questions about yourself and your surroundings

According to Braun and Clarke [29], thematic analysis is a method that can be used to identify,
analyze, organize, describe, and report themes found in data sets. This technique aims to place a piece,
that is, a pattern in data that is important or interesting and use this theme to answer research [30]. Thus,
the analysis results obtained from this study are themes that can answer research questions. Braun and
Clarke [in 30] provide a six-stage guide to conducting thematic analysis.

RESULT AND DISCUSSION

The analysis results, which are also presented as a descriptive paragraph above, are then
reconfigured into discussion paragraphs that answer the research questions more explicitly. The
following are insights deduced from the Brennan and Resnick frameworks.
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Code.org Influence

According to the analysis of the collected data, Code.org significantly impacts students' learning
experiences in grades K-12 by training their computational thinking skills. The "Dance Party" project
on Code.org contains nine stages of concept training and one set of assignments that can be used to train
nearly all indicators on aspects of computational concepts and practices. In addition, interviews were
conducted to delve deeper into the computational perspectives of the participants. Following is a more
in-depth discussion of how Code.org impacts students' learning experience and computational thinking
skills.

Towards the student learning experience

Based on the interview transcript presented above, it is possible to infer how Code.org influences
students' learning experiences as they practise Computational Thinking skills. Table 4 summarises all
participant responses regarding the impact of Code.org on their educational experiences.

Throughout the early stages of working on such an animation project, students refer to the
previous exercises and video tutorials, as shown in Table 4. One of the students elaborated on his initial
steps: “I began by viewing the tutorial, continued to follow the existing tutorial and continued to practise
it” (Participant 5). While the findings of this study align with Zha, et al. [32], who observed that
embedded tutorials and structured exercises enhance students’ enjoyment and engagement with
programming tasks, they contrast with critiques such as those by Lambi¢ et al. [22]. Lambi¢ and
colleagues reported that younger elementary students often experienced frustration and disengagement
when using Code.org, particularly due to the platform's limited adaptability to individual learning needs.
This discrepancy may stem from contextual differences; the present study involved older students with
basic digital literacy and specific interest in animation, which could have positively influenced their
engagement. Additionally, the structured nature of the “Dance Party” module may have provided
enough support for this age group to experience success without becoming overwhelmed.

During the middle phase of the animation project, participants encountered various challenges.
At this stage, computational practices—particularly testing and debugging, as well as reusing and
remixing—played a critical role in supporting their progress. Participants responded to these difficulties
by drawing from prior examples, modifying elements of their projects, and systematically experimenting
with various options until they identified a satisfactory solution.

Table 4. Student learning experience answers

Question Topics Answer Summary

Getting Started with the Project Four out of five students started their projects by
reviewing the exercises and video tutorials that had
been given previously. While the others simply
followed the instructions given.

Facing Difficulties Four out of five participants overcame their
difficulties by trying each option one by one until
they found the one they thought was right. Others, on
the other hand, simply asked someone else.

Modifying or Following the Example Three out of five participants tend not to follow the
example given. Modifications are made by changing
the character or different movements. However, there
are also those who follow the example and also do

both.

Completing the Project All participants felt happy after completing their
animation project.

What to like and what not to like about “Dance Things that are liked such as determining the

Party” character, choosing the song, seeing the results of the

movement, and also the easy introduction of the
concept. While for things that are not liked such as
the narrow workspace, the process of assembling the
blocks, and also the introduction that is too long
because it requires 10 stages.
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The student's confession includes the statement, “I live first when I encounter the most significant
problems”. Similarly, (Participant 4) made changes, “selecting a different persona if the result is positive
and is not subsequently erased”. Adapt the setting to the character's requirements (Participant 3). A
similar study found that through this trial-and-error method, most young people apply their newly
acquired knowledge to the design of projects [33].

In the final phase, after completing his project, the student expresses his emotions through
questions related to the expressing perspective indicators. Despite the difficulties of the process, all
students expressed satisfaction with their accomplishments. Similar research conducted by Zha, et al.
[32] revealed that four out of six students characterised their Computational Thinking learning
experience as pleasant and enjoyable. Nonetheless, one of the students also disapproves of the "Dance
Party" project's ten stages, stating, "the first part is typically disliked. There are ten levels identical to
the tutorial. Despite being thoroughly described, I find the ten stages excessively lengthy." Participant
No. 5.

Thus, Code.org influences students' learning experiences throughout their project development's
beginning, middle, and end. In the early phases of the project, video tutorials and exercises are provided
for the students' benefit. Implementing testing and debugging practices, as well as reusing and remixing,
assists students in overcoming obstacles they encounter during the mid-work phase. Through an
expressing perspective, students express their opinions regarding the learning process.

Toward computational thinking ability

Computational concepts: Based on the findings of the analysis of the "Dance Party" project
document, we would argue that not all indicators related to computational concepts are recommended
to taught to K-12 students. Sequences, Loops, Events, Parallelism, Conditionals, and Operators are
aspects of computational vision that can be taught in the "Dance Party" project. In this regard, the most
intuitive concepts for K-12 students are Sequences, Loops, Events, and Equality.

This is evidenced by all participants scoring three on each of the aforementioned concepts. The
participant receives a score of 3 if he or she can create a series of blocks from the idea and then
successfully execute the series. Figure 1 depicts an example of a sequence of Participant 2's
computational concept application blocks.
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Figure 1. Participant block series 2

Computational Practices: Interviews with participants have yielded several insights regarding
computational practices. The following are excerpts from the participants' responses regarding how they
initiated their projects. "By reexamining previous instances" (Insertion 2). Beginning with viewing the
tutorial, following the existing tutorial, and continuing to practise it" (Participant 5).

Based on the response, the practice of being incremental and iterative can begin by examining
previous exercises. It is consistent with Litts, et al. [33]’s findings, which indicate that young people
engage in being incremental and iterative as their project ideas develop, expand, and change before
interacting with their projects.
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Testing and debugging techniques are taught by observing how participants overcome obstacles.
Participant 3 said, “Try one out. If it is not suitable, try the other option”. Supported by Participant 4's
response, “When I encounter the most obstacles, I walk first. It is desirable that it not recur if it is not
deleted again”, he said.

The practice of testing and debugging can be trained by systematically attempting options until
the most suitable one is identified. Similarly, the research conducted by Luo, et al. [34] revealed that the
two participants of their study used a straightforward testing and debugging strategy involving code
testing, changing what was necessary, and testing again.

The practice of reusing and remixing is honed through the decision to either replicate the example
or make alterations. “Make alterations, create your own” (Participant 3). “No more so. I fiddle with
myself. Keep the movements of these characters' components” (Participant 4). According to the excerpt
from the previous response, participants modify their projects by changing something different from the
example. The statement is also consistent with the findings of research conducted by Litts, et al. [33]
who discovered that in some instances, developers reuse components from examples in their projects
alone.

Participants are trained in abstracting and modularizing practices throughout their project work.
Participant 1 said, “Lani penned the song first, then the suit, and then the character was the same on the
back. Only the motion”. Similarly, participant 5 stated, “If I am first, it is similar to playing a song.
Following the song, there is a bass-like buzz. Continue beating it. Here is where you can determine the
movements and personality corresponding to the song.”

This goes against the natural method of practising abstraction and modularization that Brennan
and Resnick describe by applying game levels [24]. This study discovered that it is possible to compose
animations of a single movement with other movements to be appreciated as a unified dance
choreography.

Computational Perspective: According to Luo, et al. [34], perspective expression can be
achieved by preparing tasks in the form of codes and logically connecting blocks. However, the
participant questions based on the interview results can explore the three computational perspectives.
The expression perspective is investigated by examining how participants express their emotions.

“Having the ability to create animations is a plus. Which has never existed before. Never made”
(Participant 4). Based on the excerpts from these responses, the expression of perspective can be
demonstrated by how students feel after completing their project. These results are consistent with the
initial definition of expressing an opinion, which is to use technology for consumption and to
communicate ideas creatively.

This study examined the perspective of connecting related access to others through project-related
assistance. Participant number 5 remarked, “It is beneficial. This appears to be a block that is
disconnected from top to bottom. Now, with the assistance of the quirks” (Participant 5). According to
these responses, assistance from others also plays a role in the connecting perspective. This is consistent
with Falloon [35]'s assertion that connecting perspectives is a common technique utilised at all stages
of student work.

The questioning perspective is condensed by asking what contribution you intend to make.
Participant 1 provided a fascinating response “To create a public service announcement. Because they
frequently participate in it. Participation is comparable to activities without plastic packaging. Therefore,
I decided to protect the environment”. Developing students' ability to solve a problem in their
environment can be facilitated by fostering curiosity about what contribution can be made through
animation. The results of this study concur with Falloon [35]'s findings that questioning is also a
component of students' collaborative approach to developing solutions.
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The Influence of Computational Thinking

The analysis of the three aspects of computing was used to gain insight into the impact of
Computational Thinking on problem-solving for students in grades K-12. The scope of problem-solving
in this study includes how students complete their animation projects and what contributions they will
make to the community.

Troubleshooting assignment

Midway through the project development process, students begin to struggle. As explained in the
preceding section, testing & debugging, reusing & remixing play a crucial role in resolving this issue.
In addition, the computing perspective, particularly the connecting perspective, contributes to students'
efforts to address their challenges. The relevant connecting view is that it requires assistance from other
parties. As stated by Participant 3, it is challenging to select movements with the assistance of others.

The findings concur with Shen, et al. [36]‘s assertion that problem-solving requires a shift in
Computational Thinking skills from one pattern to another. Thus, problem-solving in a given task
requires applying specific Computable Thinking skills, such as testing and debugging, reusing and
remixing, and connecting.

Resolve environment issues

Students' problem-solving skills can also be apparent in how they help individuals ar Students'
problem-solving abilities can also be observed in the manner in which they assist peers and complete
projects. This has a great deal to do with the capacity to question viewpoints. An intriguing response
was provided by a student who brought up the issue of protecting the surrounding environment. He
stated that animation could be used to create public service announcements "I frequently participate in
a plastic-free lifestyle. Therefore, it occurred to us to protect the environment " (Participant 1).

The findings are consistent with Brennan and Resnick's explanation that, with a questioning
attitude, young people do not perceive a disconnect between the surrounding technology and their ability
to negotiate reality in their daily life [24].

CONCLUSION

Based on the research data analysis, it can be ascertained that Code.org supports the development
of K—12 students' computational thinking (CT) and problem-solving abilities through visual
programming activities. The “Dance Party” module had a notable impact from the beginning to the end
of the animation project. Earlier video tutorials and exercises helped students initiate their projects,
while the implementation of testing and debugging practices, as well as reusing and remixing, enabled
them to overcome obstacles during the middle stages. In the final phase, students expressed their
reflections and emotions, which aligned with the expressing perspective of the Brennan and Resnick
framework.

The findings showed that six out of the seven computational concepts could be introduced through
the “Dance Party” activity, and four computational practices were actively applied during project
development. Additionally, the three computational perspectives—expressing, connecting, and
questioning—were evident in students’ reflections, especially when relating their learning experience to
broader social or environmental issues.

However, these results must be considered within the limitations of the study. The small,
purposively selected sample of five students and the short intervention duration limit the generalizability
and depth of longitudinal insight. While the study prioritizes in-depth understanding over breadth,
further research is needed to investigate how CT skills develop over time and transfer across contexts.
Moreover, this study did not focus on measuring CT proficiency quantitatively, as the primary goal was
to explore student experiences and meaning-making through a qualitative lens.

Future studies are encouraged to examine CT retention and progression through longitudinal
designs, compare the effectiveness of different platforms such as Scratch or Tynker, and explore how
visual programming tools can be adapted for low-resource educational settings. Additionally, involving
a more demographically diverse sample would strengthen understanding of how different learners
experience CT development.
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Despite its scope and limitations, this study contributes valuable narrative insight into how K—12
students experience computational thinking through creative, student-centered programming
activities—highlighting the importance of qualitative approaches in understanding the human aspect of
learning to code.
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