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Although the importance of Computational Thinking (CT) for children is increasingly recognized, its adoption
in computing education curricula in primary schools is limited by several open challenges, including teachers’
training and curricula development. Seeking to systematize a process that enables primary school teachers to
teach CT through computing education in primary schools, we present the design, evaluation, and analysis
of an introductory coding course for 4th-grade classes in a large Italian city, utilizing the Scratch platform.
The course followed a project-based learning approach, empowering groups of children in designing and
implementing simple video games, and explored the adoption of a collaborative strategy through which
computing experts, class teachers, and high-school tutors proactively supported the project work. We evaluated
and refined the course educational strategies by conducting an observational study and co-designing activities
with the involved teachers. Then, we derived an educational model that may allow K-12 teachers and experts
to collaborate in designing and implementing computing education courses that are engaging, inclusive, and

supportive.

1. Introduction

Over the past few decades, many countries have recognized the
growing importance of technology and digital literacy, highlighting
the need to foster Computational Thinking (CT) among students [1-3].
Using CT language in K-12 pedagogy, in particular, enables students to
understand computational processes and develop skills for abstracting
and representing information [4]. Yet, successfully integrating CT into
school computing education curricula poses two well-acknowledged
challenges [5]. First, teachers often lack proficiency for integrating and
conducting CT activities into their classrooms [5,6] (teacher training
issue). Second, such a lack of proficiency means that computing ed-
ucation curricula in K-12 education are often bounded to traditional
approaches only, e.g., unplugged coding, and effectively motivating and
engaging children becomes challenging (curricula development issue).

Although there are individual research efforts and documented
experiences that aim at overcoming the above mentioned issues, less
attention is paid to abstract such learning lessons into comprehensive
and actionable implications. This led us to formulate our research
question: what strategies and considerations can guide primary school
teachers to proactively, engagingly, and supportively integrate CT into
their computing education curricula? To answer this question, we
conducted a three-step work involving different actors (see Fig. 1 for a
summary of the different phases and contributions). Specifically, we
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report on the design of an introductory coding course for 4th-grade
classes (A), a two-months-long observational study (B), and a set of
a co-design activities involving K-12 teachers (C), showing how this
journey led us to define an educational model that may support the
integration of CT into primary schools’ computing education curricula
in a proactive and supportive way (D).

The introductory coding course was designed by blending estab-
lished educational strategies with innovative approaches to teach and
support children, involving various actors proactively. Specifically, the
course relies on a project-based learning approach through which groups
of children get proficient in computational thinking through the design
and implementation of simple video games in lessons that are co-
conducted by experts and teachers. Furthermore, it involves external
actors, e.g., high-school students, taking the role of cross-age tutors who
proactively support children during the experimental activities, and
training sessions with teachers and tutors to enable them to collaborate
in implementing the course.

To inform the development of an integrated model based on the
course experience, we first conducted an observational study in two
4th-grade classes of a deprived neighborhood of a large Italian city.
During the observational sessions, we analyzed whether children could
fulfill each project step working in a group, measuring the deviations
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Fig. 1. A summary of phases, actors, and outcomes involved in our work.

from the examples shown at the beginning of the experimental ac-
tivities. Furthermore, particular attention was devoted to observing
how the different actors, i.e., experts, teachers, high-school tutors,
and children, interacted. We noted all the successful and unsuccessful
cooperations between high-school students and children, as well as
the degree of involvement of the class teachers in the experimental
activities. Overall, the collected results highlighted the need for greater
involvement of class teachers, the importance of creating groups of chil-
dren with similar skills, and the importance of having highly motivated
high-school students who take a proactive tutoring role.

Based on the observational study outcomes, we identified the need
to involve teachers in designing the course rather than relying exclu-
sively on training activities. As such, we tried to address this need
by conducting a set of co-design sessions with four teachers partic-
ipating in the first-course edition. During these co-design activities,
the four teachers were asked to reflect on the needs, feelings, and
challenges they experienced during the course, and, accordingly, to
design and implement a new gamified project to be adopted in the
course. The participating teachers successfully designed and imple-
mented two video games that closely align with the school’s curricula
goals, highlighting the importance of having an educational model
that fosters greater involvement from classroom teachers in shaping
educational experiences.

We condensed our design decisions and findings from the observa-
tional study and the co-design experience into an educational model.
The model specifically addresses the curricula development and teacher
training issues, allowing K-12 teachers and experts to collaborate in
the design and implementation of computing education courses that
address CT engagingly, inclusively, and supportively.

2. Related work
2.1. Challenges in integrating CT in primary education

In today’s digital age, computing has become an essential part
of our daily lives, and its importance is continuously growing. As
such, computing is increasingly important in K-12 education, enabling
students to develop skills and knowledge essential for success in the
digital age [3,7]. The central role of computing education in primary
and middle schools is to provide students with the essential skill of Com-
putational Thinking (CT) [8], ie., the transversal ability to understand

and solve complex problems thinking like a computer scientist [9].
Computing education in K-12 can be implemented in various ways,
such as through standalone computing courses, integrating computing
concepts in existing curricula, and extracurricular activities such as
coding clubs. In Italy — the country where our work has been con-
ducted - computing education has recently gained importance thanks
to the 2015 “Buona Scuola” reform [10], which introduced coding and
robotics curricula in primary schools. Despite these efforts, Di Pietro
et al. [6] identified obstacles hindering the adoption of computing
education in Italian primary schools, particularly in rural and suburban
contexts. In particular, although tenured Italian teachers can attend
extra-curricula courses about computing education, such a topic is only
marginally covered during their university studies [11]. As a result,
teachers most often exclusively focus on unplugged coding, i.e., the
process of teaching computer programming concepts without the use
of any digital devices [12], or slavishly follow existing initiatives and
frameworks, e.g., the “Hour of Code” initiative by code.org,’ [13]. For
example, Corradini et al. [13] examined the impact of the “Programma
il Futuro” initiative, which aims to promote CT among Italian students.
The study used quantitative and qualitative methods to analyze the
Hour of Code’s effectiveness after two years of implementation. The
results indicate that the program has positively impacted students’ CT
skills. However, the authors also found that following a “closed” and
fixed teaching path — the one proposed by the Hour of Code — may
hinder teachers’ and students’ creativity. To overcome this issue, our
work explores the adoption of a project-based collaborative approach
to support children in creatively exploring computing-related concepts,
enabling them to design and implement their own video games without
being forced to pursue a unique, fixed solution. Although our work is
based in Italy, it is worth noting that the challenges mentioned above
are common worldwide and closely reflect the two main obstacles
described by the “Informatics for All” initiative devised jointly by ACM
Europe and Informatics Europe [5], i.e., teacher training and curricula
development.

The following sections review documented experiences from the
computing education literature that address these challenges. However,
translating this research into actionable implications that a wider audi-
ence can easily understand and apply remains a challenge. As such,

! https://code.org/ last visited on February 15, 2023
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our work aims at deriving a model that empowers primary school
teachers to proactively, engagingly, and supportively integrate CT into
their curricula.

2.2. Teachers training and co-design

Our work reinforces the critical need for training teachers on how
to integrate CT into K-12 computing education, as highlighted by a
growing body of research.

Yadav et al. [14] found that introducing CT concepts into a required
educational course for pre-service teachers positively impacted the
teachers’ understanding on how to incorporate CT concepts in K-12
classrooms. In particular, teachers who underwent CT training began to
see it as a problem-solving approach that uses algorithmic thinking and
abstraction, unlike those who hadn’t received training, who thought CT
just meant using computers. In the same vein, Simmonds et al. [15]
designed a 12-hour workshop to train the K-8 teaching staff in a rural
school. Their goal was to help these teachers develop basic CT skills and
devise new ways to incorporate what they learned in their classrooms
in the context of rural and vulnerable populations. The authors draw
attention to the importance of addressing the barriers to entry by
designing a national strategy for introducing CT in the classroom. This
training program should boost the self-confidence of both teachers and
students, offer an enjoyable experience, and align with the students’
interests and requirements. This national strategy should also define
a support structure involving researchers and universities to ensure
replicability. Ketelhut et al. [16], instead, focused on integrating CT
into elementary science instruction. They introduced a professional
development program for mentor teachers to address the hesitation
of pre-service teachers in adopting CT innovations. Despite acknowl-
edging CT’s benefits, mentor teachers faced challenges in effectively
integrating it into the curriculum, advocating for CT in unfamiliar
environments, not prioritizing science, and accessing the necessary
resources and support for implementing CT in their teaching.

Similar to these works, in which various types of educators interact,
our study involves computing experts and K-12 teachers. To further
solve the teacher training issue, however, our work also empathizes
the possibility to empower teachers in co-designing the CT teaching
experiences. Using co-design can play a crucial role in ensuring that
computing education courses meet the needs and interests of primary
school students. Specifically, co-designing activities involving experts
and teachers allow teachers to internalize better and learn computing
concepts while ensuring that computing education courses for primary
schools are adequately designed from a technical point of view. The key
to co-design is that users and stakeholders are treated as partners in the
design process rather than simply as sources of information [17,18].
Our approach was informed by the work of Kelter et al. [19], who
discussed the initial iteration of the CT Summer Institute, a month-long
program in which high school teachers collaborated with researchers
to co-design math and science curricula incorporating computational
elements. Co-design between teachers and researchers showed promise
in enhancing teacher design capacity, aligning with broader curricular
reform and professional development goals.

2.3. Engaging students

In addition to empowering teachers, our work also strives to ef-
fectively motivate and engage children in pursuing computing edu-
cation courses through the adoption of group work and game-based
approaches, providing students with a proactive and tailored support.

Papavlasopoulou et al. [3] described a two-year design-based re-
search (DBR) project during which the authors conducted workshops
where students, in groups, used Scratch and collaboratively created a
socially meaningful artifact as a videogame. The authors determined
that social engagement is essential as students work in front of the
computer and reflect on their progress as a team, sharing the same goal
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to create an artifact successfully. In this regard, our proposed model is
designed to incorporate group work among the children as a means to
continually gather feedback, enhance their self-confidence, and stimu-
late discussions on strategies to address encountered challenges.

Regarding game-based approaches, Videnovik et al. [20] conducted
a comprehensive literature review to examine the current trends and
research gaps in game-based learning in computer science. The results
show that the number of research articles has increased through the
years, confirming the importance of implementing a game-based ap-
proach in computer science. Most of the analyzed articles implement a
game-based approach through learning by playing, and no significant
focus is given to the effectiveness of learning by designing a game as a
pedagogical strategy. Furthermore, while the reviewed articles focus on
using game-based methods to teach programming, there is a noticeable
absence of studies detailing the development of students’ knowledge
and skills in various other computer science topics through game
design. Consequently, the authors suggest that the lack of research
articles applying a game-based approach to teaching diverse computer
science subjects in primary education represents a promising avenue
for future research. Our work is situated within this research domain,
with the objective of encapsulating our experience into a model that
can provide guidance for designing and implementing educational
experiences rooted in a game-based approach.

Finally, in attempt to further support CT integration into schools’
curriculum, we also involved high school students who were capable
of providing proactive support to children. As we will describe later in
this article, we consider that this cross-age tutoring strategy [21-23]
has the potential to foster a relaxed and supportive environment,
encouraging children to seek assistance without fear of judgment. As
suggested by Tenhovirta et al. [23], cross-age peer tutoring practices
offer substantial assistance to teachers, enabling them to concentrate
on flexible pedagogic orchestration while also preventing them from
being overwhelmed by the technological demands of the various dig-
ital tools used. Furthermore, tutoring can facilitate mutual interaction
between the tutor and tutee, especially considering that an adult may
be perceived as too distant in terms of authority and knowledge by the
children [23].

3. Introductory coding course

We designed an introductory coding course exploiting the Scratch
platform to foster CT while overcoming the challenges characterizing
computing education in primary schools described by the “Informatics
for All” initiative [5], i.e., teacher training and curricula development.
We selected Scratch as it has been identified as an innovative and
effective tool to support CT in K-12 education [24,25]. At the same
time, prior work suggests that Scratch helps teachers understand basic
computing concepts significantly better than traditional programming
languages [26], thus potentially empowering teachers to master and
conduct computing education courses even without possessing a strong
technological background.

We designed the course targeting 4th-grade primary schools, lever-
aging our own teaching experience — especially at the university
level [27] - and previous works in K-12 education. The course employs
a mix of established educational strategies and innovative approaches
to teach and support children, involving various actors proactively.
Specifically, the following are the three main course’s ingredients and
the rationale for which we chose them:

+ The designed course follows a project-based learning approach,
with children that incrementally implement a video game using
the Scratch platform working in group. Group work - also
known as cooperative learning [28] - is a strong incentive for
learning at all levels in most educational systems [29], including
in primary schools [30]. Paired with project-based learning [31]
and gamification [32] — the development of a video game, in our
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Fig. 2. A screenshot of the “Catch the Apple” game used as a reference in our
introductory coding course.

case — it empowers students to work in groups trying to solve a
specific problem, thus requiring critical thinking, collaboration,
communication, and creativity. With such an approach, we envi-
sioned a computing education course as interactive as possible,
aiming to minimize the curricula development issue.

The designed course follows is jointly conducted by comput-
ing experts and class teachers, who are instructed to favor a
trial-error dynamic through which the 4th-grade students can
constantly assess their progress, discuss and refine their imple-
mentation, and derive the final working solution. Experts’ and
teachers’ responsibility, in particular, is to guide the children’s
analytical process, understand their reasoning, and foster or cor-
rect it but never reveal the solution. Trial and error [33] is a
common approach used in computing education, as it can help
students develop problem-solving skills and better understand the
underlying concepts and principles. To the best of our knowledge,
having this approach co-conducted by computing experts and
class teachers is a novel aspect of our course. On the one hand,
experts can help teachers when they encounter difficulties in
managing and explaining computing concepts (teacher training
issue). On the other hand, class teachers can ensure that the
course and its progress over time are tailored to the skills and
capabilities of their students (curricula development issue).

The designed course adopts a proactive cross-age tutoring
approach to proactively support children in developing their
projects. In particular, each group of children is supported by
a high-school student who interacts with children during the
implementation of their game by giving them suggestions and
directions and, most of all, posing questions to foster their analyti-
cal and computational thinking competencies. Although there are
examples of cross-age tutoring in K-12 education [34], its appli-
cation in our course is particularly important to offer each group
of students a personalized experience according to their skills
and capabilities, overcoming the limits of traditional educational
approaches (curricula development issue).

Table 1 summarizes the six one-and-a-half-hour lessons that com-
pose the designed course, along with the learning objectives addressed
and the project steps that the children’s groups must achieve. In partic-
ular, an example video game named “Catch the Apple” exemplifies and
defines each lesson’s expected outcome (Fig. 2). The game consists of a
hero that must catch, one by one, ten apples that randomly appear on
the screen while avoiding being bitten by a bat. However, this script
is by no means a strict specification but just a high-level schema. In
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practice, children are encouraged to design and implement their own
video game, e.g., by choosing the main character (the hero), the reward
(the apple), and the villain (the bat). As discussed in Section 4, this
flexibility led to children inventing various plots, adding new charac-
ters, and customizing the graphical elements. In Lesson 1, children are
introduced to the Scratch programming environment and can choose
and customize their hero, villain, and reward (learning objective: IDEs
and coding environments). Then, each lesson requires applying new,
more complex computational concepts and code constructs. In Lesson
2, children learn how to handle events, associating the arrow keys to the
hero’s movement. Lesson 3 is instead focused on loop statements, with
children who learn how to make their evil character move continuously
on the screen. In Lesson 4, the learning objective is about conditional
statements, as the required project step is to make the reward appear
in a random position when the hero touches it. Lesson 5 is instead
dedicated to variables, i.e., points and lives, that change depending on
the player outcomes. Finally, the last lesson is dedicated to presenting
the outcomes of each group to the class.

Before implementing the course, class teachers and high-school
students are requested to attend a 4-hour training session during which
experts introduce them to their role in the course and the educational
strategies to be followed. Furthermore, teachers and high-school stu-
dents are asked to implement the “Catch the Apple” game on Scratch
while experts explain the related programming concepts.

4. Observational study

We evaluated our introductory course by conducting an observa-
tional study to understand whether and how the adopted educational
and supportive strategies — from the project-based learning approach to
the proactive support by high-school students — worked. Observational
studies are a well-established research method in HCI that entail ob-
serving and recording people’s behavior in their natural settings with
little or no interference from the researcher [35].

4.1. Methodology

4.1.1. Observed classes and participants

The conducted observations were framed in the project “Batti il
57, [36] an Italian national project that aimed to prevent and coun-
teract educational poverty by promoting the development and en-
hancement of activities in science, technology, and digital areas by
introducing experimental environments, such as knowledge and curios-
ity labs, science and measurement labs, English for all, or coding and
robotics labs. We conducted naturalistic observations of the devised
computing education course in two 4th classes (CLASS A and CLASS
B) of a primary school located in a deprived neighborhood of a large
Italian city, with a total of 36 students observed (18 children for each
class).

There were no cases of disabilities or specific learning disorders
in CLASS A. CLASS B, instead, had a child with a selective mutism
disorder and a child with Down syndrome. Selective mutism [37] is
characterized by a persistent inability to speak in particular situations.
Children with this disorder can understand spoken language and have
the ability to speak normally, but the latter is manifested only in the
home environment. Down syndrome [38], on the other hand, is a
genetic abnormality condition that causes permanent intellectual dis-
abilities and growth retardation, in addition to other health problems.
Individuals with Down syndrome often exhibit distinctive physical
features such as a wide face and forehead, weak muscle tone, and
shorter-than-average legs and arms. This condition affects both children
and adults.

Regarding the technological equipment, each group of children had
a notebook with the Scratch program installed at their disposal. At
the same time, experts and class teachers could use an interactive
whiteboard.
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Table 1
Lessons’ description and involved programming concepts.
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Lesson content Learning Project step
objective
Lesson 1: Scratch is introduced, and children are IDEs and
shown an example of the video game they will coding
implement, ie., the “Catch the Apple” game. Then, environments
they learn how to create the Sprite, which represents
their game’s hero, reward, and villain, and how to set
up a background.
point in direction o
move m steps
if on edge, bounce
Lesson 2: Children learn how to make the hero move Events
around the screen via the keyboard’s directional keys. handling
~
Lesson 3: Children make their evil character appear Loop |
and move continuously and randomly along the statements
screen.
@
[ o e
Lesson 4: Children create rewards that appear on the Conditional
screen in random locations and stay there until the statements
hero touches them.
Ty
touching Retro Robot » 7
(1]
s i @) st
Lesson 5: Children work on the points and life Variable L — E'
management through variables: when the hero declaration
touches a reward, he earns one point. Conversely, and
when touched by the evil character, he loses a life. management

The game ends when the hero loses all ten lives or
has collected all ten rewards.

Lesson 6: Each group comes to the front and presents
their game to the class.

Regarding the course settings, each lesson was jointly conducted
by a class teacher and a computing expert (one of the authors of
this paper). Overall, 2 class teachers (one for CLASS A and one for
CLASS B) were involved in the course and participated in at least
one lesson. These teachers had some basic knowledge of the Scratch
platform, but only one had conducted some offline activities related to
coding during their regular classes. The expert introduced each lesson
and defined the expected outcomes. Furthermore, the expert could
also intervene during the lessons to show examples on the whiteboard
and provide students with hints on how to solve a given project step.
Instead, the class teacher helped the expert explain expected outcomes
and possible solutions to the children, e.g., by using languages and
metaphors appropriate for their students.

Student groups were composed of two children, each with the
proactive support of a high-school student recruited from a technical

high school located in the same primary school district. Two teacher’s
aides supported the two children with selective mutism disorder and
Down syndrome in CLASS B.

4.1.2. Procedure and analysis

The observational study started in January 2020 and lasted two
months. To avoid being intrusive or modifying behaviors and minimize
the Hawthorne effect [39], we adopted a complete observer strategy
through which observations were made by an external and detached
observer (a graduate student in primary education sciences). During the
observational sessions, the observer never interacted with any of the
subjects in the class. The observer took notes on a personal computer
for later analysis, using an observation sheet for each lesson. The sheet
included a field to describe the aim of the lesson and another field
for the observer to freely add any aspect emerging from the in-class
activities that were considered relevant.
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After the observational sessions, we held weekly meetings with the
observer to analyze the collected data, evaluate the course strategies,
and find possible improvements. Then, we — the two authors of this
paper — merged all the observations collected by the observer in the
Taguette application [40,41], and coded them using a deductive cod-
ing approach. Deductive coding is a widely used qualitative research
method for determining the prevalence of pre-defined themes across
data [42].

To ensure a systematic and reliable analysis, we followed a struc-
tured coding process. First, we familiarized ourselves with the ob-
server’s notes by repeatedly reading them to gain an overall under-
standing of emerging themes. Next, we applied the deductive coding
approach by independently annotating excerpts according to the pre-
defined codes. To improve reliability, both authors coded a subset of
the data separately and then compared their results, discussing discrep-
ancies until a consensus was reached. After establishing consistency,
one author coded the remaining data, with periodic cross-checks by the
second author. Following the initial coding, we conducted a thematic
analysis to identify patterns and relationships within the data. We
grouped excerpts under each code and iteratively refined subcategories
that emerged within the three main themes (Student Progress, Interac-
tion Between Actors, and Teachers’ Involvement). These themes were
directly linked to our research question on systematizing a process
that empowers primary school teachers to proactively, engagingly, and
supportively integrate CT into their curricula.

The codes, along with the rationale, were:

Student Progress: how students progressed in their projects, e.g., by
deviating from the examples shown at the beginning of the
experimental activities. Our initial hypothesis was that high
levels of deviation suggest students are proactively using CT
skills to tackle challenges in their own way. This indicates a
successful approach in engaging students.

Interaction Between Actors: any relevant aspects related to the in-
teraction among the different actors involved in the course,
i.e., experts, teachers, high-school tutors, and children. Our ini-
tial hypothesis was that strong collaboration and knowledge
exchange between teachers and other actors support a proactive
and supportive environment. This can empower teachers to
implement CT confidently in their own classrooms.

Teachers Involvement: the degree of involvement of the class teachers
in the experimental activities. Our initial hypothesis was that
a high level of teacher involvement beyond simply observing
suggest their commitment to learning and implementing the CT
curriculum effectively. This aligns with the research question’s
focus on proactive and supportive integration.

The following are two examples of how the observer’s notes were
coded using the designated coding scheme:

““Children are starting to explore Scratch, and I'm starting to understand
the dynamics present in certain groups. In one of these groups, a child is
having trouble using the ‘point in direction’ block. In fact, if the hero is
not oriented in the intended direction, it continues to move in the wrong
direction. In another group, children are interested in incorporating a
challenging feature that is not part of the lesson” (code: student
progress).

“Two groups exhibit high levels of distraction, resulting in a chaotic and
disorganized approach to problem-solving. The student tutor assigned to
the group fails to assist them in maintaining focus on their tasks, but
instead contributes to their distraction” (code: interaction between
actors).

Finally, we put together all the observations with the same code,
trying to extract positive and negative implications.

Entertainment Computing 54 (2025) 100937

4.2. Results

During the observed lessons, all the groups successfully created
their own video game with the help of experts, teachers, and high-
school students. After some explorations and hints by the expert and
the proactive tutors, in particular, most of the students successfully
understood the basic computing concepts they need to use, e.g., loops
and conditional statements. All the groups deviated from the examples
shown at the beginning of the course by selecting their own characters,
backgrounds, and objectives (see Fig. 3 for an example).

Overall, these were the main positive aspects that we coded on the
collected observations:

(+) Children appreciated the approach of creating a video game:
they demonstrated interest in this kind of activity and cre-
atively customized the showed examples to create their own
solutions. Many groups, for example, carried out extra activities
not explicitly requested by the experts and teachers and devel-
oped additional features in their video games with the help of
high-school students (code: students’ progress).

(+) The explanations provided by the expert were clear and easy to
understand. The expert’s support was particularly helpful in sup-
porting children groups in adopting a trial-and-error approach:
the expert moved between the desks and provided students with
hints on how to proceed or fix potential errors without disclosing
the complete solution (code: interaction between experts and
students).

(+) As the class teachers know the specific skills of each student,
their support was most often effective in motivating children to
follow the expert instructions and recover from errors (codes:
interaction between teachers and students, teachers involvement).

(+) To a large extent, high-school students created a fruitful rela-
tionship with their groups, with children who were happy to
meet such a dedicated figure every week and receive support
from them. Thanks to the proactive support, children kept their
attention longer and were guided step-by-step in finding the
best solution for their envisioned video games (code: interaction
between tutors and students).

Besides the positive aspects, we also coded different negative as-
pects that emerged during the course:

(-) Most of the time, class teachers were not able to actively par-
ticipate in the proposed activities due to a lack of skills in
computing education. Even after following the training sessions
before the start of the course, teachers could not understand
how the basic concepts used for developing the video games,
e.g., loops and conditional statements, operated (code: teachers
involvement).

(=) Some high-school students demonstrated a general lack of inter-
est in their tasks, often disclosing the solution to their groups
at the beginning of the lesson. This prevented children from
creatively exploring possibilities and solutions, undermining the
envisioned trial-and-error approach (codes: interaction between
tutors and students, students’ progress).

(-) Although most of the groups successfully cooperated in the
project work, some groups were heterogeneous in terms of skills.
This resulted in an unbalanced workload, with one child actively
developing the video game and the other child passively attend-
ing the laboratory sessions (codes: interaction between students,
students’ progress).

(-) Children with selective mutism disorder and Down syndrome in
CLASS B had difficulties in fulfilling the project outcomes, even
with the support of the teacher’s aide (codes: interaction between
teachers and students, students’ progress).
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Fig. 3. A group of children presenting their video game to the class. Compared to the example the expert showed at the beginning of the course, the group envisioned a football

video game with points represented by goals.

Our findings align with prior research on supporting teachers in
integrating CT into their curricula. Studies have emphasized the im-
portance of structured guidance and active teacher involvement in
fostering student engagement in computing education [43-45]. Our
analysis further illustrates how a proactive, engaging, and supportive
approach can help teachers navigate challenges in implementing CT,
reinforcing previous work that highlights the need for pedagogical
strategies tailored to primary education settings [46-48]. Moreover,
by identifying patterns in student progress and teacher-student in-
teractions, our study contributes to the broader discourse on effec-
tive CT learning environments, complementing existing frameworks on
scaffolding and teacher facilitation [49,50].

5. Co-design study

Our observational study revealed that class teachers encountered
difficulties in participating actively in the proposed activities, mainly
due to a lack of skills in computing education, highlighting that the
training activities we conducted before starting the course were not
sufficient. We, therefore, recognized the value of a more collaborative
approach between computing experts and class teachers in establishing
how to integrate CT into students’ computing education curricula.
Consequently, we conducted a set of co-design activities with the four
teachers who had participated in the observational study to assess
the possibility of involving them to refine the first edition of the
course by re-designing the included experimental activities. Partici-
patory design research and its co-design approaches gained interest
as a model for involving users and designers in the technology itself
in a process of technological development [51]. These techniques, in
fact, are innovative in the way they propose a shift in attitude from
designing for users (e.g., User-Centered Design) to one of designing
with users. The final aim is to ensure the result meets the user groups’
needs and requirements, developing an engaging design process that
successfully involves all the interested actors, such as the stakeholders,
designers, researchers, and end users. Our co-design efforts allowed
us to consolidate our observations’ implications into the educational
model presented at the end of this paper (Section 6).

5.1. Methodology

Co-design has been recently adopted as a strategy to facilitate the
design and implementation of CT curricula [52,53]. To conduct the

co-design phase of our study, we relied on a mutual learning ap-
proach [54] where we, as computing experts, strived to learn about the
practices and contexts of the class teachers while they, in turn, strive
to learn about possible technological options. This process underscored
a synergistic effort between researchers and teachers, leveraging their
complementary expertise to refine the first edition of the course pre-
sented in Section 3. Teachers contributed their pedagogical insights and
deep understanding of their students’ needs, while researchers provided
technological expertise and guidance. This collaboration fostered a
mutual learning environment where both groups enriched their knowl-
edge and perspectives, particularly regarding the integration of CT into
existing curricular frameworks. The co-design approach empowered
teachers to actively shape the curriculum, enhancing their confidence
and sense of ownership in delivering the content. At the same time,
researchers collaboratively worked with teachers to address gaps in
their technological skills, creating a curriculum tailored to both their
professional growth and the students’ engagement.

5.1.1. Participants and procedure

The four teachers involved in the observational study (see Sec-
tion 4.1.1) participated in 6 sessions lasting 90 min each. During the
course, two (T1 and T2) participated as class teachers, while the others
(T3 and T4) were involved as teacher aides supporting children with
disabilities and learning disorders.

The six meetings were conducted as follows:

+ The first two sessions were conducted as a focus group to assess
the needs, feelings, and challenges experienced by the teachers
during the course and compare teachers’ reflections with the
results of our observations. One researcher moderated these two
sessions, keeping the discussion on track without inhibiting the
flow of thoughts and comments. Another researcher, instead, was
in charge of taking notes.

The remaining four sessions were instead structured as co-design
activities. During these sessions, we challenged the teachers to
collaboratively design and implement a new gamified project to
be adopted in the course. The only constraints that teachers were
given were the usage of the Scratch platform and the course’s
duration, i.e., six 90-minute lessons. First, they had to design the
project: in this phase, teachers brainstormed possible solutions
and used papers and pens to define the students’ expected out-
comes. Then, they had to translate the envisioned project on the
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(b) Storytelling

Fig. 4. In the first co-designed project, teachers envisioned backgrounds and characters (a) drawn by hands and the usage of a storytelling approach (b) through which students

can consolidate grammar topics, e.g., direct and reported speech.

Scratch platform. Two researchers supervised the four co-design
sessions, helping teachers avoid unrealistic ideas and supporting
them in implementing the project in Scratch.

5.2. Results

During the focus groups, teachers confirmed most of the results
of our observational study. On the one hand, they said their students
highly appreciated the course and demonstrated interest in the exper-
imental activities outside the dedicated class hours. T1, for example,
said “one of my students always wanted to show me something, saying that
he was developing other video games at home with the help of his father”.

On the other hand, teachers also acknowledged that their lack of
technological skills prevented them from actively interacting with the
class during the course. All of them, in particular, said that the training
activities conducted before the course were insufficient. Before starting
the co-design activities, they explicitly asked us for a comprehensive
review of the Scratch platform. Interestingly, T2 and T3 pointed out
that co-designing a project for a new course’s version is also the best
way to learn how to implement it: “if it’s something that is tailored to my
class and created by me...well, I would definitely remember it better” (T2).

As observed in our previous study, teachers noted that the contri-
bution of the high-school students was good in some circumstances
and poor in others. Teachers highlighted consistent differences between
high-school students of the involved classes, saying that some of them
were highly motivated while others demonstrated very poor motivation
and attitude. T4 suggested establishing a recruiting process at the
beginning of the course, e.g., through some questionnaires or by con-
sidering the students’ outcomes, to recruit highly motivated students
only. T1, instead, proposed to provide further incentives to the involved
students, e.g., with an evaluation given by the expert at the end of the
course.

Finally, all the teachers agreed on the importance of having a
stronger link between the project developed during the course and the
topics normally covered throughout the year. T2, for example, said that
“using Scratch could be a good way to teach our topics, like math problems,
under a different perspective — especially if we maintain this video game
component”.

Co-designed projects. The co-design activities resulted in two example
projects.

Fig. 4 reports some sketches produced by the teachers during a
co-design session related to the first example project. The envisioned
project focused on a storytelling and drawing approach, strongly linked
with art and grammar subjects. Overall, the project is composed of two
main phases:

Storytelling and Drawing. The teacher chooses a story by an author
from those covered during the school year. After reading the
story, the teacher asks the children’s groups to identify and
draw a set of scenes and characters on a sheet of paper, taking
inspiration from the story told. For example, Fig. 4(a) shows
some backgrounds and characters drawn by the teachers during
the co-design sessions. Then, teachers assist children in defining
a simple game involving the selected scenes and characters,
similar to the one characterizing the first edition of the course.
In the co-designed example reported in Fig. 4, teachers took
inspiration from a revisitation of the Little Red Riding Hood
fairy tale. They envisioned a game where a Little Yellow Riding
Hood must collect as many cheese slices as possible for her
grandmother before a mouse can reach them. Children are also
asked to define simple dialogues between their characters to
introduce the game (see Fig. 4(b), for an example): this is also a
good opportunity to consolidate grammar concepts seen during
the year, e.g., direct and reported speech.

Game Implementation. With the help of experts, teachers, and high-
school students, students import their drawings on Scratch,
e.g., by taking some pictures with their tutor’s smartphone.
Following the same educational strategies of the original course,
children are challenged to implement the initial dialogues be-
tween their characters: in the co-designed project, for example,
there is a dialogue between Little Yellow Riding Hood and
her grandmother that introduces the fairy tale and defines the
objectives of the game, i.e., collecting cheese slices. Then, as in
the original course, students can implement the game, exploring
basic computing concepts like conditional statements and loops.
This may involve implementing the movement of the main
character, the (automatic) movement of the enemy, and the
management of points (i.e., collected cheese slices).

In a second co-designed project, teachers envisioned a programming
course more linked to geometry. During the co-design activities, teach-
ers said that most of their students struggled with basic geometrical
concepts and tasks like calculating a square’s area or identifying a
triangle’s angles. They all agreed that a good idea to address these
problems was to develop a video game where the main character is
asked to draw geometrical shapes by (automatically) moving on the
screen.

Fig. 5 reports some screenshots of the second project developed
on Scratch. As in the original course, teachers decided to have two
characters interacting together to make students explore basic com-
puting concepts, e.g., conditional statements. When the main character
approaches the wizard, the latter asks the character to draw a geo-
metrical shape by clicking on a keyboard key (Fig. 5(a)). Students are
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Thanks for drawing a
hexagon!

(b) Drawing

Fig. 5. A second example of a project envisioned by the teachers in a co-design session. In this case, teachers developed a Scratch program in which instructions are given by a
character in the form of dialogues (a), and the main character is asked to draw geometric shapes (b).
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Fig. 6. A model to integrate computational thinking in K-12 education in an engaging, inclusive, and supportive way, focused on the collaboration between class teachers and

computing experts.

therefore asked to associate the click of a keyboard key with a given
shape, making the main character move and trace the path with a
pen to replicate the shape (Fig. 5(b)). Shapes may vary depending on
what the teacher has already done in geometry classes and may be
easy or hard to draw. Drawing a square can be done with rectilinear
movements of the same length and four 90-degree rotations. On the
contrary, drawing a right-angled triangle requires students to define
sides and acute angles, while drawing a circle can be made with 360
rotations of 1 degree.

6. A model for integrating computational thinking in K-12 com-
puting education

Our work opens the way for empowering K-12 teachers to create
their own educational pathway to integrate CT into their computing
education curricula, creating courses that are customized to their class
and involving multiple actors to support children proactively. In this
section, we discuss the findings of our work, condensing them into an
educational model.

The model is graphically represented in Fig. 6. We discuss it here-
after, linking its main parts to the literature and our findings. Overall,
this model can be used by K-12 teachers to effectively integrate CT into
their computing education curricula by collaborating with computing
experts, with the final aim of creating tailored experiences that engage
children in an inclusive and supportive way.

6.1. Educational strategies

The educational model presented in Fig. 6 encompasses three main
educational strategies, i.e., group work, project-based learning, and

game-based approach, that can be mixed together to integrate CT into
K-12 computing education engagingly and inclusively, thus minimizing
the curricula development issue highlighted by the “Informatics for
All” initiative [5]. We included and successfully tested these strategies
from the beginning of our work (Fig. 1, A), with our evaluations that
allowed us to refine them and understand how to better apply them
in practice, especially for what concerns the group work. According to
Burgstahler [55], who explored the application of Universal Design to
the teaching domain, group work should reward the diverse students’
contributions with respect to skills and roles. As reported in Section 4,
our observations (Fig. 1, B) highlighted that some of the observed
groups did not function properly, mainly because students had different
skills. In these groups, one child actively developed the video game,
while the other child passively attended the laboratory sessions as she
could not keep up with her partner. As learning (especially learning
by doing) is fundamental in primary education — much more than
just finishing an exercise — our model specifies that groups should
be composed of students with balanced skills, so that all of them can
contribute equally.

Besides group work, our investigation suggests that project-based
learning [31] - an approach that has been extensively used and ex-
plored for university courses [27,56-58] — may be an effective solution
to introduce CT to primary school children. Although further studies
are needed to confirm this finding, e.g., by comparing it with alterna-
tive educational strategies, our observations (Fig. 1, B) and co-design
activities with teachers (Fig. 1, C) outlined a promising way to engage
challenging groups of kids in creating video games for their projects.
The students highly appreciated such a gamification approach, en-
abling them to develop basic computing skills while fostering creativity.
Gamification can be defined as “the use of game design elements in
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non-game contexts” (Deterding et al. [32]). Over the past few years,
gamification has gained popularity in education and training due to its
perceived capacity to enhance motivation and engagement in learning.
However, the review of Caponetto et al. [59] highlights that gamifica-
tion strategies are most often used at the university level. Particularly in
computing education [60], gamification has been found to be an effec-
tive strategy for advanced topics like software testing [61] and machine
learning [62]. Through our work, we have confirmed the need and
effectiveness of using gamification strategies in primary schools [63]
in the context of computing education. In addition, we have shown
that such strategies can be adopted within a project-based learning
approach in which kids develop their own video games. Overall, our
model does not specify which specific game should be developed (this
is something that is created through the collaboration between teachers
and experts, see Section 6.3), but rather defines the main learning
objectives, i.e., IDEs and coding environments, conditional and loop
statements, events handling, and variable declaration and management.

6.2. Involved actors in class

The model presented in Fig. 6 involves multiple actors, who col-
laborate to integrate CT in K-12 computing education and support
students proactively. Such an approach helps create an engaging ex-
perience for children (curricula development issue) and, at the same
time, minimize the teacher training issue, as teachers themselves receive
support from experts. According to the model, children receive tutoring
from three figures: the expert, the class teacher, and the high school
tutor. Specifically, the model describes how such a tutoring approach
should be implemented, explaining how the different actors interact
in the classroom. While all of these figures support children during
their group work, experts and teachers mainly interact with the entire
class, e.g., to introduce the experimental activities or to explain con-
cepts and solutions at the end of the lesson. Furthermore, continuous,
bidirectional support takes place between teachers and experts. With
a deep knowledge of their students, teachers help experts interact
with children in the best possible way. On the contrary, experts help
teachers when they encounter difficulties explaining computing-related
concepts. Instead, a “proactive tutoring” role is assigned to the groups’
tutors, who guide children toward a possible solution. Tutoring and its
trial-error dynamic comply with the Carl Rogers proposal [64], accord-
ing to which the most meaningful learning is the one that translates
into new behaviors. It happens when the teacher acts as a facilitator,
creating an atmosphere where the subject can embark on a path of
empowerment and skill development. The facilitating teacher stands
in the wake of the educational culture oriented to the growth of the
subjects’ potential and activism-oriented methodologies, which place
practical experience and the person at the center. Thus, theory acts
through practice, placing abstract knowledge alongside forms that are
as concrete as possible.

Our observational study (Fig. 1, B) and focus groups with teach-
ers (Fig. 1, C) demonstrate that proactive support from high-school
students is a valuable approach to be adopted for integrating CT into
primary schools computing education curricula. The adopted tutoring
strategy can be considered a particular form of cross-age tutoring [65].
In cross-age tutoring, some students take the role of tutors to help
other students (typically younger) perform some class tasks. According
to Cohen [66], such an approach can help eliminate the competition
between peers that may hinder learning while enabling the tutor to
engage in a meaningful interaction with younger students [67]. While
an established practice, cross-age tutoring typically involves tutors
and tutees belonging to the same educational level, e.g., high-school
students helping junior high-school students [67]. In our work, we
explored a trans-generational form of cross-age tutoring, empowering
high-school students (generation Z) to provide their support to primary
school students (generation Alpha). We demonstrated in particular that
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high-school students who already have some experience with com-
puting concepts can effectively help children develop simple video
games in Scratch while exploring different solutions through a trial-
error dynamic. At the same time, the presence of tutors who are
closer in age to the primary school children can create a more relaxed
and supportive environment and can encourage the children to ask
for help without fear of being judged. Not surprisingly, our studies
highlight that tutors’ motivation is fundamental for such an approach
to work properly. As suggested by the teachers in the focus groups, our
educational model includes strategies for recruiting highly motivated
students. These strategies may range from ad-hoc recruiting surveys to
proper incentives.

6.3. Co-designing tailored experiences

One of the main implications of our work — that is related to teacher
training issue — is that the involvement of class teachers is crucial in
ensuring that computing education courses like the one described in
this paper are integrated into the curriculum and aligned with the
school’s goals. Although the educational strategies included in the
model were considered appropriate and effective by the teachers, the
same teachers highlighted the need to exploit video games to explore
topics usually covered throughout the year. While most current efforts
to educate teachers about computing literacy have been mainly limited
to computer science teachers [14], supporting other subject teachers in
integrating CT into their subject areas and curricula is a critical aspect
of promoting computing education [68]. In particular, research has
shown that incorporating computing concepts into existing curricula
can effectively allow students to apply computing skills to real-world
problems and contexts [69]. In an effort to achieve such integration,
Weintrop et al. [70] proposed a taxonomy of practices to integrate CT
into high school math and science curricula. We envision the same
approach to be implemented in primary schools.

As shown in Section 5, co-design — a well-known HCI method that
has already been adopted in education [71] - might play a crucial
role in ensuring that computing education courses meet the needs
and interests of primary school students. Co-designing with teachers
can help to ensure that the course is inclusive and accessible to a
diverse range of students, e.g., children with disabilities and learning
disorders. At the same time, co-design activities involving experts and
teachers may allow teachers to internalize better and learn comput-
ing concepts (teachers training issue) while ensuring that computing
education courses for primary schools are adequately designed from
a technical point of view. For these reasons, our model envisions co-
designing activities involving teachers and experts to define specific
video games, e.g., related to other class subjects, to address the model’s
learning objectives. The projects envisioned by the teachers in the co-
designed activities (Section 5), for example, contained strong links with
grammar, art, and geometry subjects and demonstrated the feasibility
of such an approach.

6.4. Limitations and future works

The model presented in this section has been rigorously defined by
condensing and abstracting insights from observational and co-design
studies conducted in Italy. While we anticipate the model’s gener-
alizability to countries with similar socio-economic statuses, further
research is required to evaluate its applicability in other countries
with potentially different levels of digital skills and technology usage.
Overall, our focus has been on developing the model to provide primary
school teachers with a systematic process to proactively, engagingly,
and supportively integrate CT into their computing education curricula.
In our upcoming work, we plan to apply the model in a large-scale
case study to quantitatively assess its effectiveness in addressing the
issues of curricula development and teacher training that undermine
K-12 computing education.
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7. Conclusions

In this paper, we have proposed an educational model to integrate
CT in K-12 computing education in an engaging, inclusive, and sup-
portive way, encompassing the collaboration between different actors,
ie., K-12 teachers, computing experts, and high-school tutors. We
defined the model stemming from the design and evaluation of an
introductory coding course exploiting the Scratch programming plat-
form. The course integrated group work, project-based learning, and
gamification strategies. Furthermore, it implemented a cross-age tutor-
ing approach through which high-school students proactively assisted
children following a trial-error dynamic. An observational study and a
set of co-design activities with the involved teachers demonstrated the
effectiveness of the proposed educational and support strategies, allow-
ing us to refine and generalize our choices into the educational model
that can be used to minimize two well-acknowledged challenges char-
acterizing the integration of CT in K-12 computing education, i.e., the
creation of tailored and engaging experiences for children and the need
of supporting teachers without strong technological backgrounds.

8. Selection and participation of children

The study’s participants were 4th-grade students, K-12 teachers, and
high-school students. All of them were from public Italian schools.
High-school students were recruited on a voluntary basis from a tech-
nical public institute, and their participation had the consensus of their
teachers. The observational study took place in two 4th classes of a
primary school in a large Italian city, in rooms strictly designated to the
experimental setup. Data related to the study were collected after ap-
proval from our university and the public foundation that financed the
“Batti il 5” project, following all the regulations and recommendations
for research with children. A researcher contacted the school principal
and legal guardian of each child to obtain written consent permitting
the data and photo/screenshots collection.
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