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Abstract—This study investigates the implementation of
robotics classes in five schools, targeting both elementary and
high school students. The classes, designed according to Fink’s
Significant Learning Taxonomy and integrating the National
Common Curricular Base (BNCC) into subjects like mathematics
and sciences, included practical activities, teamwork, and re-
flections on technology’s societal impact. An assessment method
based on Fink’s Taxonomy was previously developed to validate
these courses. Two evaluations were conducted at different phases
to measure the development of competencies such as problem-
solving, teamwork, and technical skills. This paper presents a
structured literature review, detailed analysis of the methodology,
application, and results, aiming to understand the actual impact
of the robotics course and identify areas for future improvement.
Analysis of theoretical questions revealed lower success rates
in programming-related questions, suggesting the need for a
rotation of functions among students. Despite some challenges,
the self-assessment responses showed increased student interest
and reduced difficulties over time.

Index Terms—robotics, assessment, methodology, BNCC

I. INTRODUCTION

The teaching of robotics has gained prominence in the
Brazilian educational scene in the past years. Initiatives from
public and private schools, as well as from non-governmental
organizations [1], have promoted robotics learning as an
essential tool for developing technical and cognitive skills in
students of different age groups [2]. The integration of robotics
into education aims to prepare young people for the challenges
of the digital age and the future job market [3], [4].

However, the implementation of robotics education in Brazil
faces several challenges, including the difficulty finding and
applying effective assessment methods [5]. The absence of
standardized criteria for evaluating students’ performance in
robotics, the lack of proper training for teachers in specific
assessment techniques, and the variability in pedagogical ap-
proaches adopted by institutions are significant problems [6].
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These challenges compromise the ability to accurately measure
the educational impact and progress of students in the field of
robotics. In the educational context, accurate assessment of
students’ performance is crucial for understanding their de-
velopment in the subject, identifying potential gaps in certain
topics, and, most importantly, defining the next steps in the
educational process [7]. Various methods can be applied in
robotics education [8]–[11].

Previously, an assessment method based on Fink’s Tax-
onomy was developed and presented in [12] to validate the
robotics course and workshops offered by the Red Dragons
Robotics Team to teenagers from 11 to 17 years old. Fink’s
Taxonomy is an approach that seeks to provide a more
holistic and integrated view of teaching and learning processes
[13], unlike other taxonomies that focus solely on cognitive
domains. The sequence of this work presents the results of
the assessment applied during the semester to educational
robotics classes offered in five schools. Two assessments were
applied in different phases to measure the development of
competencies related to Fink’s Taxonomy among students who
took the course. The data obtained was analyzed, allowing for
an in-depth understanding of the results and the formulation of
relevant conclusions regarding the methodology and potential
improvements in its application.

II. LITERATURE REVIEW

In this section, the review method used to investigate and
analyze the relevant content related to the study topic is
presented. The adopted approach follows a structured sequence
of steps that include defining search criteria, selection of
sources, critically analyzing the materials found, and synthe-
sizing the relevant information [14]. This process was carefully
planned and executed to ensure the comprehensiveness and
depth necessary for a complete understanding of the subject
in question.

The first step of the systematic review involved clearly
defining search criteria. For this, search terms related to the
study topic were established, as presented in Table I. Three
relevant academic databases - Google Scholar, IEEE and Web
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of Science - were used to conduct embracing searches. The
search criteria were defined based on the relevance, timeliness
and quantity of the publications, quantifying the number of
existing works for each set of keywords and established time
period.

TABLE I
DISTRIBUTION OF KEYWORDS IN DATABASES BY PERIOD

Period Database Keywords Quantity

2010-2014
IEEE Xplore robotics + education +

computational thinking 3

Scholar Google robotics + education +
computational thinking 9670

Web of Science robotics + education +
computational thinking 12

2015-2019
IEEE Xplore robotics + education +

computational thinking 37

Scholar Google robotics + education +
computational thinking 15800

Web of Science robotics + education +
computational thinking 146

2020-2024
IEEE Xplore robotics + education +

computational thinking 60

Scholar Google robotics + education +
computational thinking 17300

Web of Science robotics + education +
computational thinking 469

The second step focused on the selection of relevant sources.
After applying the search criteria, the main articles highlighted
by the search sites themselves and sorted by relevance were
analyzed by evaluating the titles and abstracts of the found
works. Studies that presented relevant information for this
research were subjected to a more detailed analysis. In this
way, the name, year of publication and relevance (high,
medium or low) based on a dynamic reading of the articles
and their potential applications to the current study were
collected. The works were also evaluated for their usefulness
to the research, being classified into ’Context’, ’Rationale’ or
’Method’, according to the content of the texts. In total, 75
articles were selected for further analysis.

In the third step, a critical analysis of the contents selected
and quantified as highly relevant in the previous stage was con-
ducted. Each study was evaluated regarding its methodology,
results and conclusions, identifying the most relevant content
for the present study. The synthesis of the information was
carried out systematically, reassessing the utility of each text
and its potential applicability as a reference for the project.
This process allowed for a deep understanding of the various
perspectives and contributions of the reviewed studies, as well
as the identification of gaps in the existing knowledge. The
collection of data was based on the name, author(s), brief
summary, publication link, year, relevance and utility. In total,
22 articles were classified as highly relevant and included in
the project’s reference bibliography.

III. ASSESSMENT METHODOLOGY

To evaluate the effectiveness of the robotics classes and their
impact on student learning, Fink’s Taxonomy was adopted.

This taxonomy, also known as the “Taxonomy of Significant
Learning”, proposes an embracing learning model that goes
beyond the traditional cognitive domain, integrating emotional,
relational and metacognitive aspects [13]. Fink’s Taxonomy
consists of six interactive and interdependent dimensions, as
seen in Table II.

TABLE II
FINK’S TAXONOMY OF SIGNIFICANT LEARNING

Dimension Description
Foundational Knowledge Understanding and remembering the

information, ideas and perspectives
that form the basis for other types

of learning on the subject.
Application Applying knowledge to real-life situations

through critical and creative thinking,
problem-solving, performance and skill,

so that foundational knowledge
becomes useful.

Integration Making connections between ideas, learning
experiences and different areas of life

so that everything is put
context and learning becomes

more powerful.
Human Dimension Learning about the personal and social

simplications of what students are learning,
thereby giving relevance to the
learning as they gain insights
about themselves and others.

Caring Developing new feelings, interests
and values that help students

care about what they are learning,
which gives them the energy they need

to learn more about the subject
to make it a part of their lives.

Learning How to Learn Learning about the learning process,
including a particular type of research
(such as the scientific method), as well
as how to become a better and more

autonomous learner, which enables students
to continue learning and

doing so more effectively.

The robotics classes were planned and implemented based
on the principles of Fink’s Taxonomy, aiming for meaningful
and embracing learning. Each class was structured to engage
student in practical activities that encouraged the application
of robotics concepts, promoting integration with the BNCC
(National Common Curriculum Base) agenda in subjects such
as mathematics and sciences, and stimulating reflection on
the impact of technology on society while applying robotics
concepts to students daily lives [15].

The activities were divided into weekly modules, covering
everything from building and programming robots to chal-
lenges that required solving complex problems. The students
worked in teams, which fostered collaboration and the de-
velopment of social and communication skills, based on the
application of the “Human Dimension” perspective of the
taxonomy used.

The assessment method used was based on an evaluation
model previously applied by the Red Dragons team, with
changes made to the context, number and types of questions
and the way of communicating with the students, aiming to
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achieve results that meet the adopted taxonomy [12]. The
evaluation is divided into two parts: theoretical questions and
self-assessment. The theoretical part includes four questions,
one of which is true or false, and the remaining are multiple-
choice. Finally, the last part consists of three Likert scale
questions and three open-ended questions.

The first part of the evaluation addresses theoretical knowl-
edge covered in the classroom. This stage included both an
objective question about robotics, involving a simple program-
ming code question, and contextualized questions addressing
the topics discussed during the lessons. The objective question
about programming code, set at a difficulty level similar to
what the students encountered throughout the course, aimed
to analyze the students’ knowledge and assess their logical
reasoning abilities, a crucial principle for programming. The
next three thematic questions covered topics such as propor-
tionality, the water cycle, and regions of Brazil, with the goal
of integrating robotics, school subjects, and everyday topics
experienced by the participants.

In the second phase of the evaluation, Likert scales were
used for student self-assessment. The choice of the Likert
scale was motivated by several reasons. First, it is an easy-to-
understand scale, allowing students to express their opinions
clearly and directly. Additionally, the Likert scale is flexible
and can be adapted to measure different aspects, such as
attitudes, perceptions, and opinions. The primary reason for
its use was the ability to conduct quantitative analysis across
all observed students, allowing for the detection of nuances
and more detailed opinions. Furthermore, the standardization
of the scale enables comparability with other studies or pre-
vious evaluations, facilitating comparative analyses and meta-
analyses. In this stage, students were asked to use the scale
to express their opinions related to their understanding of
the exercises, the work of the group they collaborated with
during the lessons, and their interest in what was taught. This
approach allowed for a comprehensive assessment of students’
perceptions, providing valuable data to improve the teaching-
learning process.

Finally, in another moment dedicated to student reflection,
open-ended questions were applied for students to share their
feelings during the lessons, the topics they were interested
in, and what they would like to learn. Unlike the objective
questions and Likert scale, which provide quantitative and
structured data, the open-ended questions allow students to
express their opinions freely and spontaneously, without being
guided by predefined answers. Such responses enable a deeper
understanding of students’ perceptions and experiences. This
insight into the thoughts of the children and adolescents
involved, combined with the data obtained from the previous
two stages of the evaluation, helps identify positive and
negative aspects, which topics spark greater curiosity, and most
importantly, what steps should be taken to improve the robotics
education offered by the project.

The evaluations are presented in the following Fig.1, Fig.2,
Fig.3 e Fig.4 images.

Fig. 1. First Evaluation - Page 1

Fig. 2. First Evaluation - Page 2

IV. RESULTS

Based on the evaluations produced by the team and pre-
viously presented in this article, two tests were administered
throughout the first semester cycle of classes. These evalu-
ations were conducted in five different schools, covering 76
elementary and high school students in the first evaluation and
45 in the second. To quantify the students’ results, scores were
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Fig. 3. Second Evaluation - Page 1

Fig. 4. Second Evaluation - Page 2

assigned to the different questions. For theoretical questions
with only one correct alternative, binary values were used,
with 0 for incorrect answers and 1 for correct answers.
For interdisciplinary theoretical questions with True or False
responses for four different alternatives, a value of 0.25 was
assigned for each correct alternative, totaling 1 point for each
question. Finally, in the self-assessment questions that used the

Likert Scale, values ranged from -2 to +2, with negative values
for “disagree” options, positive values for “agree” options, and
zero for the “neutral” response.

A. First Evaluation

In this evaluation, questions 1 and 3 had only one correct
alternative, so they had binary scoring. The response data from
the 76 students for both questions are presented in Table III.

TABLE III
QUESTION RESULTS 1 AND 3 - FIRST EVALUATION

Question Number Question Total Correct Total Incorrect
Average Answers Answers

Question 1 0,58 44 32
Question 3 0,74 56 20

Based on the collected data, it is observed that, for both
questions, the majority of students achieved the expected
result. However, there is a significant difference in the average
number of correct answers between the two questions. The first
question, which had just over half of the students answering
correctly, involved a programming question with an example
of a situation covered in class, while the third question, with
nearly 75% correct answers, assessed simple explanations of
the concept of algorithms. For the two True or False questions,
the results were similar to the previous ones, with 58% and
75% correct answers. Question 2, which had a higher accuracy
rate, involved interdisciplinary content related to the water
cycle and its stages, while Question 4, with a lower accuracy
rate, addressed geometry knowledge.

The distribution of correct answers for the True or False
questions revealed that Question 2 had an average of 0.75,
with 3 students scoring 0 points, 7 students scoring 1 point,
11 students scoring 2 points, 22 students scoring 3 points,
and 33 students scoring 4 points. On the other hand, Question
4 had an average of 0.58, with 6 students scoring 0 points,
8 students scoring 1 point, 22 students scoring 2 points, 36
students scoring 3 points, and 4 students scoring 4 points.
These results indicate that Question 2 was more successful
among the students compared to Question 4, with a higher
number of students achieving the maximum score.

Totaling the 4 points from the theoretical questions, the
grades are presented in Fig.5. The average score of 2.64,
which is above 60%, and the low number of scores below 2.00
indicate a good result, especially considering that this was the
first evaluation conducted. The positive highlight, besides the
good average score, was that 13 students scored 3.75 points,
although none achieved the maximum score.

The results from the self-assessment questions show a
positive trend in the students’ responses. For Question 1, with
an average of 1.22, most students (61) responded positively, 11
students were neutral, and 4 responded negatively. In Question
2, with an average of 0.37, 31 students gave positive responses,
32 were neutral, and 13 responded negatively. For Question
3, with an average of 0.89, 56 students responded positively,
15 were neutral, and 5 gave negative responses. These results
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Fig. 5. Grades from the First Evaluation.

indicate an overall positive perception of the self-assessments,
with Question 1 receiving the highest number of positive
responses.

The first question, aimed at understanding students’ interest
in robotics classes, showed good results, demonstrating that
more than 80% of students would like to continue learning
about the subject. This data reflects good engagement from the
classes. The second question, which addressed the difficulty
students experienced during the lessons, indicated a satisfac-
tory level, with about 40% of students not feeling any difficulty
and no students marking the most extreme negative option.
However, the formulation of the question revealed a problem:
the presence of a double negative may have caused confusion
among the students, making the interpretation of the results
less reliable. ”Disagreeing” with a statement involving ”not
understanding” was a point of attention for the second evalua-
tion to ensure clearer data regarding the proposal. Finally, the
vast majority found group work satisfactory, indicating good
interactions among classmates.

B. Second Evaluation

For the second evaluation conducted by the team at the
end of the second cycle of lessons, there was a reduction in
the number of participating students. Only 45 were present
to complete the questionnaire. Similar to the first evaluation,
this test also featured four theoretical questions followed by 3
Likert scale self-assessments. Open-ended questions were also
applied but are not discussed in this section as they were not
evaluative. In this stage, with four theoretical questions, there
was an increase in binary questions, resulting in only one True
or False question.

The first question again addressed programming knowledge,
but with a higher degree of difficulty. While in the first
evaluation the code executed a robot performing a square-
shaped path, in this evaluation the robot had to follow a
more elaborate route involving color, line, and proximity
sensors. This increase in difficulty resulted in a lower average
score, with nearly half of the students not selecting the
correct answer. Questions 2 and 3 involved interdisciplinary
themes, covering content about biomes and uniform motion,
respectively. Despite being designed with a similar level of
difficulty, the second question had a statement that required

greater attention and better interpretation, resulting in different
average scores. The results data obtained for questions 1, 2 and
3 is presented in Table IV.

TABLE IV
QUESTION RESULTS 1, 2 AND 3 - SECOND EVALUATION

Question Number Question Total Correct Total Incorrect
Average Answers Answers

Question 1 0,51 23 22
Question 2 0,51 23 22
Question 3 0,67 30 15

Question 4 evaluated students’ knowledge of the regions of
the country. Simulating the movement of a robot across the
map of Brazil, the question included statements about borders
and territories. With almost 90% of the students getting at
least half of it right, the question showed excellent results.
The results presented for this final theoretical question show
the distribution of students’ correct answers across different
categories. With an average of 0.66, most students scored
between 2 and 3 correct answers. Specifically, 3 students did
not get any answers correct, 2 students got only one answer
correct, 14 students got two answers correct, 16 students got
three answers correct, and 10 students got all four answers
correct. The distribution indicates that a significant portion
of students achieved a reasonable performance, with many
scoring between 2 and 3 correct answers. The distribution of
grades obtained by the students in the second evaluation is
shown in Fig. 6

Fig. 6. Grades from the Second Evaluation.

Despite the average score of 2.34, which is lower com-
pared to the first evaluation, students demonstrated good
performance. An average close to 60%, along with three
students achieving the maximum score, indicates a promising
performance from the classes.

The results of the self-assessment questions reveal student
feedback on specific aspects of the class.

For Question 1, with an average of 1.42, the majority
of students expressed a positive feeling, with 27 students
strongly agreeing and 13 agreeing, indicating a high level of
satisfaction. Only 1 student strongly disagreed and 1 student
partially disagreed, suggesting a favorable consensus regarding
the topic discussed.
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In Question 2, the average was 0.62, with a more varied
distribution. There were 16 neutral students, 18 who agreed,
and 7 who strongly agreed. The absence of strong disagree-
ment and the low number of partial disagreements indicate a
generally positive acceptance, although less enthusiastic than
for Question 1.

Question 3 had an average of 0.76, also showing a pre-
dominance of positive responses. 18 students agreed and 11
strongly agreed. However, there were 10 neutral responses and
6 partial disagreements. The lack of strong disagreement and
the predominance of positive responses suggest that, despite
some reservations, most students had a positive perception of
the question.

The results of the self-assessment questions showed satisfac-
tory student participation. Over 85% of the students expressed
interest in continuing with robotics classes, a significant in-
crease of almost 10% compared to the previous evaluation.
Regarding the difficulty with the subject, the correction of the
statement ensured a better understanding of the question. As a
result, only 4 of the 45 students reported any difficulty with the
classes, indicating significant progress in the course. Finally,
the results regarding teamwork showed satisfactory numbers.

V. CONCLUSIONS

This paper presented the development and analysis of an
evaluation methodology for a robotics course offered by the
Red Dragons team at the Federal University of São Carlos.
The classes were held in five different public schools in the
municipality for elementary and high school students. The
classes, as well as their evaluation, were structured based
on Fink’s Taxonomy, combining robotics education with the
National Common Curricular Base (BNCC), which guides the
students’ curriculum.

The application of two evaluations at the end of the course
modules allowed the project members to understand the stu-
dents’ performance, their interest in the course, and the next
steps to be taken. From the collection, quantification, and
analysis of the obtained data, it was possible to observe
the students’ development in learning robotics. In analyzing
the theoretical questions, it was noted that for questions
directly related to robotics, there was a lower success rate
for questions involving programming. This could be explained
by the division of students between those who assemble the
robot and those who program it. Based on this observation, it
is possible to implement a rotation of functions to ensure that
all students understand each stage of the process, similar to
what occurs with the LEGO methodology.

It was also noted that questions involving mathematics or
with extensive statements showed lower results, despite having
the same level of difficulty. Although the sample size is
relatively small, the discrepancy in results may be attributed to
the varying levels of interpretation and absorption of essential
content by the students.

Finally, the self-assessment questions showed significant
responses, highlighting the students’ interest in the course
from the first evaluation and an increase in positive responses

in the second. There was also a reduction in the number
of students facing difficulties in the classes and satisfactory
results regarding group work.

In summary, the applied evaluation methodology provided
a detailed view of the students’ progress and difficulties,
highlighting areas for improvement in robotics teaching. Ad-
justments in task distribution and question formulation may
further enhance student performance and understanding. The
positive results in self-assessments reinforce student engage-
ment and interest, validating the integrated approach of the
course. In this way, the experience and data collected will
serve as a basis for future iterations of the course, aiming to
continuously improve student learning and motivation.
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