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Abstract: Although Artificial Intelligence and robotics are essential in Basic Edu

cation, their teaching frequently focuses on technical aspects, neglecting ethical 

and environmental debates. In this regard, this article reports and evaluates a pe

dagogical experience developed with students aged 10 to 12 at UTEC Gregório Bezerr

a, in Recife, grounded in Project-Based Learning and utilizing Scratch and Lego Mi

ndstorms EV3 to teach Machine Learning integrated with ethics and sustainability. T

he methodology articulated theoretical and practical classes, using Kahoot for eng

agement and Likert-scale pre- and post-tests for data collection. The results sugg

ested an increase in the class's global perception average from 3.80 to 4.12, with 

the largest difference occurring in the understanding of human responsibility behi

nd algorithms and in the recognition of sustainability as a technological requirem

ent, with the reflective decline in the perception of AI neutrality suggests an em

erging critical thinking. Therefore, it is concluded that the intervention showed p

romising potential in fostering the students' ethical awareness, who began to see t

echnology as a tool for socio-environmental transformation. 

Keywords: Artificial Intelligence in Education; Educational Robotics; Elementary E

ducation 

1. Introduction

The integration of Artificial Intelligence (AI) and educational robot

ics into elementary school learning environments represents a promising ped

agogical strategy. However, the objective extends beyond technical instruct

ion, it encompasses preparing children to comprehend and navigate the compl

ex intersections of technology, ethics, and sustainability. As Dabbagh et a

l. (2025) emphasize, understanding AI and applying it responsibly is paramo
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unt for the future of younger generations, and this comprehension is inhere

ntly linked to sustainability since AI, as a powerful tool, possesses the d

ual potential to optimize resources or exacerbate environmental impacts. Co

nsequently, AI education must combine technical skills with critical reflec

tions on how algorithmic systems can foster a sustainable future. 

In this context, demystifying the inner workings of these technologie

s is essential. Akgun and Greenhow (2022) argue that the ethical challenges 

of educational AI, including privacy issues, surveillance, bias, and discri

mination, must be explicitly identified and presented to both educators and 

students, and to achieve this, introducing Machine Learning (ML) concepts i

s necessary, since by understanding how a system is "trained," children can 

recognize that AI is not an act of magic, but rather a direct reflection of 

the data it processes. 

To translate these abstract concepts into tangible experiences for yo

ung learners, the use of robotics and programming is crucial, and pairing t

he Lego Mindstorms EV3 with Scratch, a block-based programming platform dev

eloped by the Lifelong Kindergarten group at the Massachusetts Institute of 

Technology (MIT), establishes the ideal hands-on environment. According to W

angenheim et al. (2014), Scratch enables children to design animations, int

eractive stories, and games, facilitating the seamless integration of graph

ics, images, photographs, music, and sound. 

Instructional activities combining Scratch programming and Lego Minds

torms EV3 robotics have proven highly effective in developing students' cog

nitive skills and computational thinking competencies. This is supported by 

Korkmaz (2016), whose findings indicate that educational programs based on i

nteractive games with Scratch positively enhance students' logical-mathemat

ical thinking skills, while further noting that design activities using Leg

o Mindstorms EV3 yield significant cognitive gains compared to traditional t

eaching methods. Therefore, engaging in practical machine learning training

allows children to experience these concepts firsthand, positioning them as

young computer scientists.

Furthermore, AI education for elementary students must inherently add

ress ethics and sustainability, given the transformative potential of these 

experiences in shaping conscious and responsible citizens. Akgun and Greenh

ow (2022) stress that cultivating a future generation where diverse, inclus

ive citizens can contribute to AI development requires providing elementary 

and high school students and teachers with opportunities to study AI throug

h curricula centered on both technology and ethics. 

In Brazil, however, the term "Artificial Intelligence" only explicitl

y appears within the High School guidelines of the National Common Curricul

ar Base for Computing. Foundational AI skills, such as algorithms, are addr

essed earlier in elementary education, for instance, the Computational Thin

king axis of the BNCC for grades 1 through 5 includes competency (EF15CO02)

, which focuses on building and simulating algorithms independently or coll

122



  CINTED-UFRGS   Revista Novas Tecnologias na Educação 

____________________________________________________________________________________________

V. 24 Nº1, setembro, 2026_______________________________________________________RENOTE
DOI:

aboratively to solve everyday problems using sequences, conditional selecti

ons, and repetitions. Similarly, for the 6th grade, competency (EF06CO02) m

andates designing algorithms involving sequential, repetition, and selectio

n instructions through a programming language. 

Accordingly, this article describes a pedagogical experience that, in 

addition to teaching AI principles applied to sustainability and ethics, ai

ms to promote a measurable shift in the ethical and sustainable perceptions 

of elementary school students. Through theoretical classes and hands-on pro

jects using Scratch and Lego Mindstorms EV3, the curriculum allowed childre

n to experiment with machine learning. This approach encouraged critical re

flection on how technological innovations can be guided toward building a f

airer, more sustainable, and ethically responsible future, while also illum

inating both the limitations and capabilities of technology. 

To guide this investigation, the study addresses the following centra

l research question: “How can a project-based learning intervention combin

ing block-based programming and robotics influence elementary school studen

ts' perceptions regarding AI ethics, accountability, and environmental sust

ainability?” The underlying hypothesis is that engaging children in practi

cal AI activities helps them move away from viewing technology as a magic o

r autonomous entity, fostering a more realistic understanding of human resp

onsibility and environmental application.

2. Theoretical Framework

In recent years, AI and Machine Learning have become transformative e

lements in education, enabling students of all ages and grade levels to dev

elop essential 21st-century skills. According to Ludermir (2021), although t

he success of AI is undeniable and heavily impacts daily life, machines are 

still far from mastering many aspects of our world, which underscores the i

mportance of introducing these discussions in the school environment at an e

arly stage, as technological advancements demand that younger generations a

re prepared ethically and critically. 

Furthermore, fostering engagement with AI and machine learning tools a

llows students to develop computational thinking, problem-solving skills, a

nd critical awareness, all of which are indispensable for them to act as le

ading citizens in an increasingly digital society. Similarly, Fernandes et a

l. (2024) highlight that while AI offers unprecedented opportunities for pe

rsonalized learning, administrative efficiency, and teaching support, it al

so poses significant challenges regarding ethics, privacy, algorithmic bias

, and fairness. Therefore, for students to understand and act responsibly, p

edagogical practices must promote equity and respect for differences, enabl

ing AI to serve as a tool for inclusion and social justice rather than just

automation.

To enable this complex, interdisciplinary education, Project-Based Le

arning (PBL) emerges as an ideal methodology, placing students at the cente
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r of the educational process and empowering them to drive their own search f

or knowledge. PBL stands out by fostering active and meaningful learning, c

onnecting curriculum content to real-world challenges, and stimulating esse

ntial skills such as critical thinking, problem-solving, and collaboration, 

and in this regard, Santos et al. (2024) state that PBL offers significant b

enefits, including increased student engagement, the development of critica

l and creative skills, and the interdisciplinary integration of knowledge, r

epresenting a promising approach to improving the quality of Basic Educatio

n. Consequently, within the context of computing, PBL allows students to ap

ply theoretical concepts to real projects, ensuring an active and meaningfu

l learning experience.

Within this methodological framework, utilizing tangible tools like L

ego Mindstorms EV3 acts as an incentive that materializes student learning. 

According to Pimentel et al. (2025), combining LEGO Mindstorms EV3 with act

ive methodologies enhances not only technical competencies but also socio-e

motional skills, including teamwork and communication, making the learning p

rocess more effective and meaningful, and thus, combining PBL with robotics 

fosters richer learning environments where students take the lead, stimulat

ing contemporary skills like computational thinking alongside critical awar

eness, allowing them to build solutions that account for the sustainable an

d ethical impacts discussed in theory. 

3. Method

This study is structured as an action research report with a qualitat

ive approach, supplemented by descriptive quantitative data. The classes re

garding this experience report took place during the Mandatory Supervised I

nternship IV course, part of the Teaching Degree in Computer Science progra

m at the Federal Rural University of Pernambuco (UFRPE). The process began w

ith the development of a course plan highlighting Project-Based Learning, w

hich was the active methodology used throughout the entire practical compon

ent of the course. 

3.1. Research Context 

The entire course was conducted at the Technology in Education and Ci

tizenship Unit (UTEC Gregório Bezerra), located in the Várzea neighborhood w

ithin the metropolitan region of Recife. The participants consisted of 11 e

lementary school children, aged 10 to 12 years old, comprising 4 girls and 7 

boys. 

Furthermore, during the diagnostic assessment, there was a surprise r

egarding the children's lack of familiarity with Scratch0F

1 and educational ro

botics, as only one child had previously used Lego Mindstorms and just thre

e knew what Scratch was. In light of these obstacles, the course was adapte

1 https://scratch.mit.edu/
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d so that the classes maintained a standard three-hour duration, where the f

irst part would be purely theoretical and the second part practical, alongs

ide the use of Kahoot1F

2 to support content assimilation, totaling a 36-hour c

ourse delivered over 6 hours per week. 

Kahoot is a gamified learning platform described by Owen and Licorish 

(2020) as a game-based learning environment designed to foster student enga

gement and motivation by leveraging three components of motivation theory, n

amely challenge, through competing with peers to answer questions, fantasy, 

by promoting absorption and involvement within the game, and curiosity, via 

sensory and cognitive stimulation. Singh, Mulyadi, and Ong (2024) complemen

t this by stating that Kahoot is understood as a collaborative learning too

l that allows educators to create quizzes, surveys, and discussions to asse

ss student learning, knowledge, and engagement, adding that educators can u

tilize these quizzes to evaluate student understanding during classes, iden

tify misconceptions, and adjust their teaching strategies accordingly.

3.2. Execution Stages 

The course proceeded with an approach divided between theory and prac

tice across 8 lessons, where students were introduced to the topics theoret

ically but were always encouraged to participate, either by answering quest

ions raised during the explanation or by sharing their opinions on the subj

ect. The flowchart in Figure 1 illustrates the complete structure of the co

urse. 

Figure 1 - Flowchart of the course structure 

Following the theoretical part, students were encouraged to engage in 

practical activities through challenges that combined plugged or unplugged a

pproaches, and near the end of these first 8 lessons, Kahoot was utilized a

2 https://kahoot.com/pt-BR/
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s a tool for content review, proving to be an effective way to reinforce le

arning among the students, who showed great engagement with the playful and 

interactive nature inherent to Kahoot. 

Lesson 9 was reserved for students to further explore machine learnin

g techniques and EV3 programming using Scratch. Ultimately, out of the 12 t

otal lessons, two were dedicated to allowing students to produce two projec

ts covering all topics presented in the course, and the final lesson was se

t aside for students to present their projects to the UTEC Gregório Bezerra 

community.  

The use of slides during theoretical classes incorporated elements th

at interacted with the students rather than merely presenting content, as s

lides featuring questions aimed at the children transformed purely exposito

ry lessons into debates, encouraging active student participation. In the s

ame manner, students were challenged throughout the entire course with ethi

cal dilemmas, such as determining accountability in the event of an autonom

ous vehicle crash, a practice that fostered a closer connection between the 

interns and the children while enabling students to enhance cognitive and s

ocial competencies, including critical thinking, collaboration, and problem

-solving.

The use of unplugged tools for certain practical challenges was also a 

contribution during the lessons, shifting students from the virtual world t

o the real one and demonstrating that computer science education can occur c

oncurrently with computer usage. Furthermore, to enhance child engagement, a

points system was implemented throughout the course, where each child earne

d points for class participation, attendance, Kahoot rankings, and project d

evelopment during challenges, receiving as a reward the opportunity to grow

a "participation tree" with leaves, flowers, or fruits. Figure 2 illustrate

s the interaction between the children and the interns and displays the par

ticipation tree at the conclusion of the course.

Figure 2 - Children interacting with teachers (left) and the participation t

ree (right) 
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It is important to mention that, as pointed in Section 3.1, the lack o

f familiarity with Scratch and educational robotics required Lessons 3 and 6 

to focus directly on the specific type of programming needed for Lego Minds

torms, in the case of Scratch, and on the specific educator robot, in the c

ase of Lego. This decision was made to accelerate the process given the sho

rt timeframe of the course, and therefore, during the Scratch lesson (Lesso

n 3), an introduction to the platform was presented, followed by an adaptat

ion where the children used the Lego Mindstorms EV3 extension blocks within 

the platform, simulating the programming of the actual robot.  

During the educator robot lesson (Lesson 6), the children were prompt

ed to create simple programs for the robot to produce sound signals and per

form movements, such as turning left and right, considering that the comple

te integration, combining block-based programming and machine learning, wou

ld only be executed in subsequent lessons. 

Regarding the final course project, the class was divided into two gr

oups of five, as one of the students left the course due to family reasons. 

The projects aimed at the ethical and sustainable use of AI, utilizing mach

ine learning with Machine Learning for Kids, block-based programming, and L

ego Mindstorms EV3. Following a brief discussion with the children, two pro

jects were decided upon, one for each group: automatic recycling bins for s

elective collection of paper, plastic, glass, and metal, and a model of a s

ustainable farm. Figure 3 display the two projects and their respective gro

ups during the presentation, though it is worth noting that some students w

ere absent on the presentation day, and therefore the groups are not comple

te. 

Figure 3 - Automatic Recycling Bin project (left) and Farm of the Future project (

right) 

In the first project, named by the children as Automatic Recycling Bi

n, students had to produce a system that, upon detecting the material via w

ebcam, would automatically open the lid of the corresponding bin for dispos

al. The project utilized cardboard boxes, colored paper, string, and barbec
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ue skewers, resulting in a design built with simple and sustainable materia

ls. For the second project, named by the children as Farm of the Future, st

udents had to develop a system where, upon detecting that the plantation so

il required water, an automated irrigation system would be activated solely 

on that plot of land. To achieve this, a styrofoam board was used to constr

uct the farm model, along with modeling clay and popsicle sticks, also resu

lting in a project made from simple and sustainable materials. 

It is important to emphasize that both projects utilized machine lear

ning for the recognition of recyclable materials and the plantation soil, a

longside the Lego EV3 for the automated components. Furthermore, all progra

mming was conducted by the students within Scratch, in accordance with what 

had been covered throughout the course.  

4. Results and Discussions

The data collected throughout the course provided valuable insights i

nto the students' learning process and their engagement with the proposed m

ethodologies, and to evaluate content retention and the effectiveness of th

e theoretical-practical approach, the results of the interactive quizzes ap

plied at the end of the lessons were analyzed. Figure 4 presents a graph of 

the obtained results, displaying the percentage of correct answers by the s

tudents during the use of Kahoot. 

Figure 4 - Percentage of correct answers per lesson. 

The data presented in the graph reveal high student achievement rates 

throughout the lessons, with correct answer percentages ranging between 64% 

and 82%. Lessons addressing specific topics such as "Artificial Intelligenc

e" (75%), "AI, Sustainability, and Ethics" (70%), "How to Program in Scratc

h" (76%), and "Machine Learning: Theory and Practice" (70%) demonstrated ex
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cellent student performance, indicating an adequate assimilation of the pre

sented content. 

As can be observed, "Lesson 05: Machine Learning: Review and Practice

" achieved the highest rate of correct answers (82%), suggesting that the s

tructure of the previous lessons, divided between theory and practice, cont

ributed to knowledge retention, which can be further confirmed by "Lesson 0

7: General Review", which obtained 79% of correct answers. On the other han

d, "Lesson 06: EV3 Educator Robot" presented the most modest performance (6

4%), though we conclude that this percentage is due to the fact that it was 

the students' first experience with the EV3 educator robot, as mentioned in 

Section 3.1. 

The use of Kahoot as a resource to review content proved efficient in 

increasing student motivation. The results shown in the graph of Figure 4 c

orroborate this statement, revealing that the systematic implementation of K

ahoot throughout the eight lessons not only allowed for the continuous asse

ssment of student assimilation but also fostered a motivating learning envi

ronment where concepts of AI, ethics, sustainability, and robotics could be 

effectively internalized. The application of the tool as a way to assess ch

ildren's learning proved to be attractive and successful, while also bringi

ng students and teachers closer together. 

4.1. Pre- and Post-Test 

In addition to Kahoot, a pre- and post-test was developed during the p

lanning and structuring phase of the course to serve as a data collection m

ethod, aiming to verify whether there was an increase in students' percepti

on regarding the subject. The pre- and post-test was constructed using a Li

kert scale, a measurement method utilized by researchers to evaluate people

's opinions, attitudes, and understandings regarding a specific topic. 

In total, the pre- and post-test consisted of 15 identical questions, 

each offering five options for the children to choose from, and to make the 

test more playful, emojis were used in the responses, with Figure 5 demonst

rating how a question in the pre- and post-test was structured. 

Figure 5 - A pre- and post-test example question. 
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Scores were suppressed to avoid influencing the children during the t

est, with each alternative ranging from 1 to 5 points, such that the establ

ished standard was: Strongly Disagree = 1 point; Disagree = 2 points; Do no

t know / Neutral = 3 points; Agree = 4 points, and; Strongly Agree = 5 poin

ts, with the pre- and post-tests being administered during the first and fi

nal lessons, respectively. 

During the tests, students encountered the following statements: 

● [Q1] Artificial intelligence can be used to improve people's lives an

d take care of the planet at the same time;

● [Q2] Robots programmed with AI can help with tasks that reduce the wa

ste of energy and natural resources;

● [Q3] I believe that learning to program robots can help me think of s

olutions to environmental problems;

● [Q4] The creation of new technologies must always take into account t

he impact they will have on nature;

● [Q5] It is possible to use AI to propose creative ideas that help red

uce waste or pollution;

● [Q6] I feel capable of imagining how a robot could contribute to maki

ng my city more sustainable;

● [Q7] When we create technology, we need to think about the consequenc

es for people;

● [Q8] Robots and artificial intelligence should only make important de

cisions when there is human supervision;

● [Q9] I can explain to a classmate how AI can be present in simple eve

ryday things, like games and apps;

● [Q10] Small robot programming actions (such as saving energy or organ

izing materials) can generate major future changes;

● [Q11] The responsibility for what an AI does always belongs to the pe

rson who programmed it, not to the machine itself;

● [Q12] Using AI and robotics can help create fair and accessible solut

ions for different groups of people;

● [Q13] I believe that technology can be an ally in protecting nature a

nd reducing environmental problems;
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● [Q14] It is important for schools to encourage students to think abou

t how AI can be used for the good of the planet;

● [Q15] I would like to learn more about how intelligent robots can hel

p build a sustainable future.

It is important to clarify that during the application of the pre-tes

t, 7 out of the 11 children were present, whereas during the post-test, 8 o

ut of the 11 children were present, meaning that to prevent errors during d

ata analysis, only the post-test results of the 7 children who had particip

ated in the pre-test were accounted for, and Figure 6 displays the results o

f these pre- and post-tests. 

Figure 6. Pre- and Post-test results. 

The numbers presented in Figure 6 represent the total number of point

s for each question, summing all students, where each question could reach a 

maximum of 35 points if all 7 students responded that they strongly agreed, 

and the maximum overall score the pre- or post-test could achieve equaled 5

25 points. In this manner, the pre-test obtained a result of 399 points, wh

ile the post-test obtained a result of 433 points, and to calculate the ave

rage, where the maximum average would be 5, the final results were divided b

y the total number of responses (7 students answering 15 questions = 105 re

sponses), yielding a pre-test average of 3.8 and a post-test average of 4.1

2. This overall score movement from 3.8 to 4.12 suggests a positive trend w

ithin the group following the classes, pointing toward an evolving percepti

on of artificial intelligence and robotics and a gradual articulation of co

ncepts that may have previously been uncertain or intuitive.

The largest increases observed were regarding authorship and responsi

bility behind technology, with the most visible growth occurring in stateme

nt [Q11], concerning how responsibility for what an AI does always belongs t
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o its programmer rather than the machine, since in the pre-test, students s

eemed unable to determine accountability if something went wrong, whereas t

he post-test suggest that the class began to perceive AI less as an autonom

ous entity and more as a human-directed system. Similarly, in statement [Q7

], regarding the need to think about consequences for people when creating t

echnology, the children appeared to develop a technological empathy, as the

32 points out of a maximum of 35 suggest a near-consensus among the student

s, indicating an alignment between technological innovation and human well-

being.

Two other questions that showed relevant increases, both related to s

ustainability, were statements [Q4], regarding how the creation of new tech

nologies must always consider environmental impact, and [Q5], concerning th

e possibility of using AI to propose creative ideas to reduce waste or poll

ution, where [Q4] suggests that students began to view environmental protec

tion as a prerequisite for technological development rather than something m

erely optional. In the same vein, statement [Q5] reached a near-consensus a

mong the group, and what might have previously seemed abstract appeared to b

ecome more tangible through the practical activities and projects developed 

throughout the course, pointing toward the potential of AI to address real-

world problems such as waste management. 

Curiously, there were points where the average declined, yet this is n

ot inherently negative, as it may indicate the development of critical thin

king among the students. An example of this is statement [Q1], regarding wh

ether artificial intelligence can be used to improve people's lives and tak

e care of the planet simultaneously, where it is possible that, after the c

lasses, students adopted a more cautious stance, recognizing that maintaini

ng a balance between human progress and environmental care is a complex cha

llenge involving difficult choices. Similarly, statement [Q12], concerning h

ow using AI and robotics can help create fair and accessible solutions for d

ifferent groups of people, can be understood as a direct reflection on how A

I can reproduce biases, a topic covered during the classes that may have in

fluenced students to become more cautious in asserting that technology is a

lways fair. 

Regarding statement [Q8], which posits that robots and artificial int

elligence should only make important decisions under human supervision, one 

possibility is that after seeing in practice that AI is efficient and usefu

l when solving problems, students may have decreased their perception of da

nger and the need for constant human vigilance, and taking into account the

substantial increase seen in [Q11], students may have replaced the idea of v

igilance with responsibility in programming.

Finally, an interview was conducted with the children regarding their 

perceptions of the course, and as they are elementary school students, they 

will be referred to only by the initials of their names. When asked about t

heir thoughts on the course as a whole, W.T. expressed that "it was perfect
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," while S.C. mentioned that "the instructors explain well. Since you expla

in well, you clarified things that we didn't even know, understand, or know 

how to do... you explained it and then I knew how to do it." When questione

d whether they would like to learn more about technology, I.C. stated: "if t

here is a course next year, I will participate." Regarding what they enjoye

d most, W.T. highlighted "learning... having the experience and carrying it 

into the future." Furthermore, S.L. noted that "the most interesting part f

or me was programming the robot," while E.G. added: "I also really liked Sc

ratch." For E.M., "the course for me was perfect," and L. concluded: "I wis

hed this course would not end." 

5. Final Considerations

This paper sought to report how complex themes such as AI, sustainabi

lity, and ethics can be introduced to and experienced by elementary school s

tudents, bringing machine learning principles into the classroom to encoura

ge them to reflect critically toward a fairer, more sustainable, and ethica

l future. This pedagogical experience demonstrated a way that by combining p

layful tools like Scratch and Lego Mindstorms EV3 with Project-Based Learni

ng, it was possible to engage children's curiosity, introducing technical c

oncepts and fostering discussions on social responsibility.

The results offer encouraging preliminary indicators regarding shifts 

in students' perceptions. For instance, the marked increase in the responsi

bility question [Q11] suggests that the course contributed to demystifying t

echnology, helping participating students begin to view AI less as an auton

omous entity and more as a human-made tool whose outcomes depend on its cre

ators.  

In the same vein, fluctuations observed between the pre- and post-tes

t, such as the decreased demand for human supervision shown in statement [Q

8], may point to an evolving sense of technical confidence. Within the scop

e of the course, children appeared to recognize that a well-programmed AI d

oes not necessarily require constant human oversight, highlighting the impo

rtance of continuous educational debates that balance trust in programming e

fficiency with ethical decision-making. 

The qualitative evaluation, comprising the Kahoot quizzes and intervi

ew testimonials, highlights the motivational engagement during the activiti

es, as visually reflected in the high performance on the quizzes. Additiona

lly, despite initial unfamiliarity with the tools, students demonstrated ad

aptable learning that culminated in the execution of the Automatic Recyclin

g Bin and Farm of the Future projects. 

However, given the exploratory nature of this study, methodological l

imitations must be acknowledged when interpreting these outcomes. The sampl

e size was small, consisting of 11 elementary school children, with complet

e paired pre- and post-test data available for only 7 participants. Also, t

he evaluation instrument was non-standardized and designed specifically for 
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this workshop, lacking prior empirical validation and the study was conduct

ed without a control or comparison group. Consequently, these findings refl

ect trends limited to this specific group and setting, and cannot be genera

lized across broader demographic or educational contexts. 

It is concluded, therefore, that despite these methodological constra

ints, this exploratory study provides valuable qualitative insights and pra

ctical foundations for introducing complex AI and ethics concepts into prim

ary education. The trends observed within this cohort demonstrate promising 

pathways for empowering children as critical designers of technology rather 

than passive consumers. Future research can build upon these preliminary fi

ndings by applying validated instruments, expanding the sample size across d

iverse educational contexts, and incorporating control groups to more rigor

ously evaluate the long-term impact of such pedagogical interventions. 
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