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Abstract—This Research-to-Practice Full Paper aims to introduce
a methodological framework to foster Computational Thinking
(CT) skills by teaching programming with Educational Robotics
(ER) in High School. Problem-solving is an essential skill for
human development, so it is necessary to introduce actions to
improve this skill in High School. It is possible to stimulate
problem- solving through computer programming teaching with
ER. However, as far as we know, there are no methodologies
for teaching programming with ER focusing on CT development
in High School that went through scientific validation of the
proposal. This study is an Educational Design Research that
aims to introduce a methodological framework for teaching
programming in High School with ER (named CTProgER) and
validate two instances of the framework. It was considered
consolidated teaching methodologies with ER, combined with
the Anthropological Theory of Didactics and evidence from our
ER studies. As a result, we present the CTProgER Framework
guideline, two instances of the CTProgER Framework, and these
instances’ validation through the Delphi method.

I. INTRODUCTION

Problem-solving is an essential skill for human development.
Computational Thinking (CT) is a modern approach to im-
prove problem-solving skills [3]. CT can be defined as a
problem-solving process exploring common skills in the field
of Computer Science [24], [7], [31]. The Computer Science
Teachers Association (CSTA) has introduced CT in its Model
Curriculum for K-12 Computer Science [38] (Basic Education
stages in Brazil), to improve students’ problem-solving skills.

Programming education has been explored worldwide to
stimulate CT in High School students, becoming no longer
an exclusive practice in Computer and Engineering courses
[43]. However, teaching programming can be challenging to
understand for several reasons: lack of student preparation,
lack of adequate methodologies and computational tools that
help teachers and students in teaching-learning process [19].
Consequently, computational instruments and methodologies
guidelines must be considered to facilitate computer program-
ming teaching and CT development.

Educational Robotics (ER) is one of these computational in-
struments that is becoming increasingly popular in classrooms
to support education at different educational stages that favor
developing teamwork, logical reasoning, and creativity. ER
has been used to engage students in and improve their CT
skills because through a robot it is possible to observe the
effects of the programming on the robot’s behavior in real-time
[5], [8], [25]. ER is used in programming education to allow

abstract concepts to be implemented visually and physically
to understand Computer Science concepts more quickly and
to foster students’ CT skills [1], [2], [29].

Educational companies [44], [18], [32] commonly propose a
methodology to promote Science, Technology, Engineering,
and Mathematics (STEM) teaching through ER [9], [29]. How-
ever, these do not support the computing concepts involved in
robotics, such as algorithms, conditionals, and loops. These
concepts are taught when the robot’s programming needs it.

In addition, general methodologies propositions do not show
their validation process, demonstrating the need for effec-
tively valid methodologies. However, validating an educational
methodology is still a challenge because it involves the solu-
tions to complex problems proposition to academic practice
[30], i.e., it is a task that is not limited to statistical procedures.
Methodological proposals in education undergo a validation
process in typical environments and are based on evidence.
Due to the COVID-19 pandemic, face-to-face activities have
become limited. In this way, validation methodologies that
involve the expert’s validation, such as the Delphi Method,
become an alternative for the process of validating method-
ological proposals.

Although the literature recommends ER for teaching program-
ming and fostering CT skills, studies discussing guidelines to
implement and validate ER classes with this goal still appear
scarce. We conducted previous studies that demonstrated that
ER teaching based on CT impacts students and teachers pos-
itively [14], [15], [23], [36], [35]. However, our analyses did
not consider the teaching methodology validation and did not
contemplate programming teaching as a priority. As far as we
know, there are no methodologies for teaching programming
through ER that focus on CT development in High School that
went through a process of scientific validation of the proposal.

This study is an Educational Design Research that aims to
introduce a methodological framework for teaching program-
ming in High School with ER, named CTProgER Frame-
work, and validate two CTProgER Framework instances. This
study was organized in four steps: 1) CTProgER Frame-
work definition based on methodologies for teaching with
ER and on the Anthropological Theory of Didactics [12];
2) CTProgER Framework presentation to experts following
the Delphi method [28]; 3) Instances’ validation by experts’



Opinion; and 4) Analysis of data obtained from the experts’
opinion.

We conducted two rounds of instances’ validation according
to the Delphi method. As a result, we observed a positive
majority of experts’ votes and the absolute agreement per-
centage (PAA) between the experts’ opinions. We performed
two rounds of experts’ validation to observe the instance’s
concordance with the CTProgER Framework. In both rounds,
we obtained a PPA > 75%, and a positively majority vote of
experts.

The instances validation through the Delphi method was part
of the validation process of our CTProgER Framework. The
instances’ validation allowed to align the concordance of
the instances with the CTProgER Framework guidelines. We
validated the concordance between instantiating and guide-
lines through experts’ evaluation. The first round provided
necessary data to improve the concordance of our instances
with the CTProgER Framework guidelines. This data was
used to adjust the validated instances in the second round.
The instances’ validation process improves our instances and
minimizes future face-to-face studies problems, where we will
test our framework validity and effectiveness in our future
studies.

This paper was organized as follows: in Section II, we
briefly described the fundamental concepts of Anthropological
Theory of Didactics and the Delphi method. Section III was
dedicated to related works. In Section IV, we detailed the
work study process. In Section V we presented the CTProgER
Framework, CTProgER Framework Instances, Instance’s Val-
idation results, and the threats of validity. Finally, the main
conclusions and future works are presented in Section VI.

II. BACKGROUND

This section presents the fundamental concepts that are the
basis of this study.

A. Anthropological Theory of Didactic

Anthropological Theory of Didactic is based on praxeology
and refers to the human behavior study within a given Insti-
tution, represented as [I] and where the action takes place,
such as school, university, and classroom. According to [11],
a praxeology, also known as Praxeological Organization (PO),
is represented by [T, 7, 8, O], where: T: type of task that can
be subdivided into several tasks [7]; 7: a technique used to
perform the task; 6: technology applied to complete the task;
O: theory involved to carry out the task.

In Anthropological Theory of Didactic, the teaching of an Ob-
ject (O) (e.g. Physics and Programming) in any Institution [I]
needs didactic moments. Didactic moments are class phases.
Anthropological Theory of Didactic has six didactic moments:
1) First Meeting; 2) Exploration Moment; 3) Constitution and
Development of the technological-theoretical block that aims
to base the techniques worked at the Moment of Exploration

that responds to the types of tasks explored at the First Meet-
ing; 4) Time of Work of the Technique; 5) Institutionalization
Moment; 6) Assessment Time.

These didactic moments do not necessarily have to follow
a chronological order, and they can coincide on different
occasions, start in one class and end in others, and involves
the praxeology constitution and its elements of the set [T, 7, 6,
O] that, at the end of the process, it is possible to establish a
relation between the Personal (X) (e.g., students and teachers)
and Object (O) determined as R(X,0). This successful relation
is understood as learning [13].

The anthropological Theory of the Didactic is considered
because she considers Mathematics a human activity that
can be extended to teaching various subjects. Therefore, it is
possible to apply it in different activities that favor establishing
and executing tasks and the necessary knowledge for their
accomplishment. In this theory, the object is a human activity
resulting from constructed knowledge. This knowledge can
be known, taught, or taught as long as different technical
tasks and technologies are applied to work with them [42].
In this context, we believe that programming teaching in High
School can be fostered through the Anthropological Theory
of the Didactic because the teaching and learning actions are
anthropological.

B. Delphi Method

The Delphi method assists judgmental prediction and decision
making in various research domains. This method is indi-
cated when a problem can result from cooperative, subjective
judgments or decisions and when the expert group does not
favor effective communication [6], [16], [33], [39]. The Delphi
method allows for a progressive consensus to be reached on a
study object. This method occurs through questioning rounds
to an experts’ group, in which the answers are analyzed to
obtain a consensus. The consensus criteria depend on the
researcher’s study. However, the strictness of the consensus
criteria must be respected [40], [26].

The main characteristics of the Delphi method are the spe-
cialist’s anonymity, the statistical representation of the distri-
bution of results, and feedback from experts’ responses for
re-evaluation in subsequent rounds [41]. It takes at least two
rounds for processes to be characterized as a Delphi method.
However, few studies have a rounds number greater than three
rounds [20], as there is a tendency to carry out the fourth and
later rounds without modifying the experts’ opinion.

The reason to use the Delphi method is due to its capacity to
establish consensus on best policy [4]. In addition, the Delphi
viability is ideal in areas where consensus is missing, process
protocols, and other best methods where agreement is essential
[21]. It is helpful when there is little knowledge or uncertainty
surrounding the area being investigated [22], [27]. For that
reason, this method is commonly used as a validation tool
based on experts’ opinion.



III. RELATED WORK

Some studies propose a kind of model or framework for
some teaching [13], [34], [10], [3]. However, very few have
discussed how these models or methodological frameworks
are validated. As far as we know, no study proposes and
validates methodologies for teaching programming through ER
that focus on CT development in High School.

Schivani [34] used the Anthropological Theory of the Didactic
[34] as a tool to identify essential elements during didactic
moments application. For this, the author performed and of-
fered interventions in Physics teaching in High School through
the ER. He used student lesson scripts by LEGO® education
created for Physics teaching through the ER with LEGO
Education methodology in his interventions. With this work,
Schivani observes that the ER use, mainly aimed at teaching
physics, allows a comprehensive approach, whether related
to theory or practice, to the two blocks of Anthropological
Theory of the Didactic: practical-technical and technological-
theoretical. Schivani’s proposal can be seen as a method-
ological proposal for teaching physics with ER. In addition
to proposing a methodological foundation, he applies it and
presents the necessary guidelines for its replication.

Our study is similar to that presented in Schivani [34] in the
sense of ER use as a tool for teaching and Anthropological
Theory of Didactic application in High School. However, we
did not apply the Anthropological Theory of Didactic as a
validation tool but rather as a theory indicating how we can
organize our framework’s didactic moments. We propose our
framework’s didactic moments based on the Anthropological
Theory of Didactic and ER consolidated methodologies to
teach sciences like LEGO® Education [44], besides our ER
experiences [14], [15], [23], [36], [35]. Our study proposed and
validated our instances according to our CTProgER Frame-
work. As our objective is to offer a methodological framework,
determining the alignment between the methodology and the
application materials can facilitate the next steps of our
study. Finally, our study goal favors programming teaching
through ER and improves CT development, while Schivani
[34] focuses on teaching Physics without associating it with
CT.

Azman and Mohamed [3] proposed a framework for the inte-
gration of CT in higher education. For this, the author from an
analysis of CT research and offers a framework based on four
ideation process steps. The Azman and Mohamed framework
[3] is organized in four integrated phases of ideation: 1) Crack
The Big Issue, 1) Identify Similarities, 3) Compress The Data,
4) Planning Step-By-Step Instruction.

Our study is similar to that presented in Azman and Mohamed
[3] in using the ER to promote CT. However, we consider
the methodological framework for programming teaching in
High School and not the CT skills. We believe that working
with specific CT skills remains challenging, so we consider
CT a general skill that can be fostered through teaching

programming. Besides, we intend to evolve our study to
methodological framework validation; we created several ed-
ucational materials and its validation planning to facilitate a
future methodology validation.

IV. METHODOLOGY

‘This study is an Educational Design Research because it
aims to develop a “systematic study of designing, developing,
and evaluating educational interventions (such as programs,
teaching-learning strategies, materials, products, and systems)
as solutions for complex problems in educational practice. It
also aims at advancing our knowledge about the characteristics
of these interventions and the processes of designing and
developing them” [30].

We introduced a methodological framework for teaching pro-
gramming in High School with ER, named CTProgER Frame-
work, and validate two CTProgER Framework instances. For
this purpose, the development of this work process was
divided into four steps: 1) CTProgER Framework definition;
2) CTProgER Framework presentation to experts follows the
Delphi method; 3) Instances’ validation by experts’ opinion;
and 4) Analysis of data obtained from the experts’ opinion.

The work process adopted in this study was organized in steps
according to the people involved, such as the researcher and
experts, represented by horizontal lines (see Figure 1).
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Fig. 1. Work Process

A. Methodological Definition

The methodological definition of the CTProgER Framework
comprised the following activities: 1) Categorize the method-
ological steps applied to the context of ER from our previous
studies; 2) Raise bibliographies about methodologies for teach-
ing ER as a CT development tool; 3) Propose a methodological
framework for teaching programming through ER to High
School; 4) Create two methodological framework instances for
teaching programming; 5) Investigate and propose instruments
to validate the instances created.

In this step, all validation instruments were created as experts’
supporting documents, student lesson scripts, lesson plans, and



the Barema defined for the instance validation. This process
supports the Delphi method, a strategy of instrument validation
that uses an expert’s systemic opinion to generate a validated
product at the end of the process [26]. This step is included
in the instance work process because, according to expert
consideration, it may be necessary to update the instances
created during the definition of the methodology framework
described after each round. It is indicated that up to three
rounds search for a consensus among the experts. However,
it is possible that after the three rounds, an agreement is not
reached, which indicates a non validation of the product.

B. Methodology Presentation

The methodology presentation presents the information nec-
essary to conduct the validation process by the experts. An
online website! containing a research presentation video and
the main concepts that support the validation process execution
should be available. In addition, the website will also make
available the documents related to the instance’s validation.

C. Instances’ Validation

This validation aimed to determine the agreement of the
instances with the CTProgER Framework guidelines. We used
the Delphi method [28] to validate objects through human
judgment. For this, validation rounds were conducted with
the experts, which registered their impressions in the Barema,
which was prepared considering the CTProgER Framework
guidelines.

Due to the COVID-19 pandemic, the instances validation was
made remotely to avoid physical contact between experts and
researchers. From June to December 2021, six experts carried
instances’ validation through the Delphi method to reach a
progressive consensus on a study object.

Google Form was used to obtain the data anonymously. The
Google Sheets tabulated the experts’ responses and identified
the majority voting. The percentage of the absolute agreement
of each instance was calculated separately. The R program-
ming was used with the IRR (Internal Rate of Return) package
and the AGREE function.

For this, two validation rounds of the instances were con-
ducted with the experts, which registered their impressions
in the Barema (see Table I), considering nine criteria around
CTProgER Framework guidelines and the analysis parameters
presented in the Subsection IV-D.

The validation process used several documents to support
the experts’ activities. The documents to support the experts’
activities are:

« Supporting Material for Experts (video): Presentation
of the main concepts underlying the study.

o Supporting Material for Experts (text): detailed pro-
posal document with theoretical concepts and procedures
to be followed.

IThe website is available online: https:/bit.ly/3mIT10j

o Student Material: two documents that will be made
available to the student during programming classes hav-
ing robotics as a teaching tool. The instances should be
two programming lessons to 1st year of High School.

o Teacher Material: two documents with teaching guide-
lines for applying programming lessons with robotics as a
teaching tool. The instances should be two programming
lessons to 1st year of High School.

e Barema: anonymous form for recording the experts’
answers to nine criteria for evaluating the methodology
instances (see Tables I).

D. Instances’ Validation Data Analysis

The analysis aims to tabulate the results produced by the
experts consisting of responses into positive and negative
answers and observe a possible consensus among the experts’
opinions about the methodology framework guideline. The
consensus was based on majority voting such that 50% of
positive answers plus one in Barema. In addition to the
majority voting, the consensus also needs a PAA > 75% [37].

The PAA is obtained through Equation 1, where NC is the
number of times experts agree on a rating, and TA is the total
number of ratings.

NC
PAA = 71 100 (1)

Each instance should be considered valid if consensus was
reached in Barema. However, if no consensus was reached, it
is possible to have up to three new validation rounds according
to the Delphi method [26]. If a new round was necessary, the
researcher conducting the process should observe the experts’
feedback and make the required modifications to carry out a
new round. The Delphi method says that if consensus is not
reached within four rounds, there is a high probability that it
will not be achieved in later rounds [17].

The instances’ Validation considers two types of data: quan-
titative and qualitative. Quantitative data are obtained by
tabulating the experts’ responses into positive (2 — Partially and
3 - Yes) and negative (0 - No and 1 - Very little) answers and
observing a possible consensus among the experts’ opinions
about the nine criteria on the Barema (see Table I). This
data is considered for the validation or not of the CTProgER
Framework instances and to determine when to stop the
validation process by experts. On the other hand, qualitative
data were considered to align the instances with the framework
rules better. These data were obtained through a Barema text
field that asked the experts to evaluate their assessment of
each criterion. These considerations were used between the
evaluation rounds to improve the instances.

V. RESULTS

This section presents the CTProgER Framework, CTProgER
Framework instances, instance’s validation results, and the
threats to validity.



TABLE I
BAREMA CRITERIA

Criteria
QOI: Is it possible to identify the content this
lesson wants to teach?
Could you please briefly explain your answer
regarding criterion Q017
QO02: Is it possible to identify the lesson objec-
tive (what does the lesson intend to promote in
the student)?
Could you please briefly explain your answer
regarding criterion Q02?
QO03: Is it possible to identify the development
lesson objective (What does the teacher want the
student to develop in)?
Could you please briefly explain your answer
regarding criterion Q03?
QO04: Is it possible to identify the lesson prob-
lem?
Could you please briefly explain your answer
regarding criterion Q047
QO5: Is it possible to identify prior knowledge
needed in this lesson (student-centered)?
Could you please briefly explain your answer
regarding criterion Q05?
QO6: Is it possible to identify the programming
structures that must be implemented to solve the
problem proposed in this lesson?
Could you please briefly explain your answer
regarding criterion Q067
QO7: Is it possible to identify ways to test the
solution to be implemented in this lesson?
Could you please briefly explain your answer
regarding criterion Q07?
QO8: Is it possible to identify how the student
is assessed in this lesson?
Could you please briefly explain your answer
regarding criterion Q08?
QO09: Is it possible to identify the knowledge that
the student must obtain in this lesson?
Could you please briefly explain your answer
regarding criterion Q09?

Judgment
0 - No; 1 - Very little;
2 - Partially; 3 - Yes

0 - No; 1 - Very little;
2 - Partially; 3 - Yes

0 - No; 1 - Very little;
2 - Partially; 3 - Yes

0 - No; 1 - Very little;
2 - Partially; 3 - Yes

0 - No; 1 - Very little;
2 - Partially; 3 - Yes

0 - No; 1 - Very little;
2 - Partially; 3 - Yes

0 - No; 1 - Very little;
2 - Partially; 3 - Yes

0 - No; 1 - Very little;
2 - Partially; 3 - Yes

0 - No; 1 - Very little;
2 - Partially; 3 - Yes

A. CTProgER Framework

The CTProgER Framework for teaching programming through
ER focused on the CT skills is based on the methodologies
for teaching with commercial ER consolidated like LEGO®
Education with the concepts proposed by Anthropological
Theory of the Didactic and our study [14], [15], [23], [36],
[35].

In this sense, our CTProgER Framework considers an Insti-
tution [I] as the space for teaching practice where, given as
input (input) an Object (O), it is possible to develop a relation
R(X,0) as output (see Figure 2).

The input involves identifying one or more programming
concepts that the teacher wants to teach to help students
develop specific knowledge. This development process com-
prises conceptual, procedural, and attitudinal aspects related
to concepts, facts, and principles; learning how to do and;
learning how to be. The output represents the relation between
the individual and the object (O). The individual is the student,
and the object concerns the CT worked through programming

concepts. In Anthropological Theory of the Didactic, any
work from human activity is considered an object (O), so an
individual (X) can establish a relation with the object, an action
represented by R(X,0). In this sense, it is possible to state that
a given object exists for an individual that the relation R(X,0)
is not empty, R(X,0) # 0. We understood it as learning the
concepts given as input when a positive relation is observed.

Institution [1]
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Fig. 2. CTProgER Framework Process

To support this proposition, we consider six didactic moments
from Anthropological Theory of the Didactic, and the lessons
learned from our previous studies are:

To support this proposition, we consider six didactic moments
from Anthropological Theory of the Didactic, and the lessons
learned from our previous studies are they:

1) Problematic: Involves presenting a problem situation
that favors the learning of concepts given as input. The
presentation of the problem must be contextualized and
based on natural elements to simplify the adaptation
in real environments. At this didactic moment, it is
necessary to establish a relation between the problem
and the student; for this, the teacher must explore
methods and resources that they find appropriate.

2) Analysis: Involves a closer connection between the
elements presented in the problem situation and the
student’s prior knowledge in a practical context. At
this didactic moment, the teacher’s responsibility is to
instigate the student’s active participation to promote
strategies to solve the proposed problem. The teacher
needs to play the mediator and the student to be the
protagonist of their proposed solutions.

3) Discovery: Involves the understanding of the concepts
of work given as input. At this didactic moment, the
teacher must lead the students to establish a connec-
tion between the new knowledge to the previous ones
to clarify the necessary procedures to implement the
strategies conceived in the “Analysis” didactic moment.
The teacher must be a mediator, facilitator of knowledge,
provoking students to learn from their proposals.



4) Implementation: Involves the conception of the codi-
fication strategy. At this didactic moment, the students
must implement the concepts defined as input using a
programming language to solve the proposed problem.
The student must take the lead in their practices, and
the teacher should facilitate applying the new concepts
studied.

5) Debugging: Involves the execution and analysis of the
code built in the “Implementation” didactic moment
using a robotic assembly provided. At this didactic
moment, the student must analyze the code execution,
correct possible errors, and validate the proposed strat-
egy. The teacher must mediate on the results achieved
by the student to learn of the concept given as input.

6) Assessment: Involves the application of instruments to
observe the student’s learning of the concepts presented
as input and the CT skills development.

B. CTProgER Framework Instances

To apply the CTProgER Framework for teaching programming
through ER focusing on developing CT skills, we planned
four programming content lessons: Concept of algorithms, data
input and output, data types, variables, constants, condition
control structure, and repeating control structures. Also, we
introduced robotics contents in the lesson plan: Touch sensor,
Ultrasonic sensor, Color sensor, and Light sensor. These
lessons will be applied during a month, each lasting 1h30min
with students organized in groups of five people.

We built two instances following each aspect present in the
CTProgER Framework. We chose the lessons “The Cleaning
Robot”, which introduces algorithms and starts with the do-
mestic cleaning robots, and “The Driver Robot” introduces
a condition control structure with the autonomous vehicles
for instantiating. Therefore, we developed the teacher’s and
student’s material for each lesson. Below we will detail the

main points of each instance?.

The instances were developed for teaching any programming
language that could be worked with robotics. Consequently,
they do not have code in a specific programming language
but the concepts involved. The teacher needs to perform
the programming syntax during the lesson according to the
guidelines from the teacher material.

The instances were organized by CTProgER Framework di-
dactic moments, so the lessons have six moments that were
transformed into topics, they are: Problematic (knowing the
problem); Analysis (analyzing the problem); Discovery (dis-
covering knowledge); Implementation (implementing a solu-
tion); Debugging (testing the solution); Assessment (questions
set must answer at the lesson end).

C. Experts’ Profile

The experts involved in the instance validation are six pro-
fessors and researchers who have already done research or

2The instances are available online: https://bit.ly/3mIT10j.

worked with CT, teaching programming, or ER. Among the
six experts, 50% (3) are female and 50% (3) male. Besides,
6,7% (1) graduated from Higher Education with a bachelor’s
degree, 66,6% (4) with a licentiate degree, and 16,7% (1) with
a technologist course. The training area in Higher Education
of the experts was computer science in 50% (3), computing
in 33,3% (2), and systems for the internet in 16,7% (1). The
percentage of the experts with a master’s degree was 83,3%
(5), and 16,7% (1) have a Ph.D. The highest training area
(master’s or Ph.D.) of experts is in Computer Science in
83,3% (5) and Mathematics and Technological Education in
16,7% (1). Finally, 66,7% (4) of the experts have teaching
experience in Technical and Vocational Education and 33,3%
(2) in Higher Education.

D. Instances’ Validation Results

According to data presented in Figure 3, it is possible to
observe the majority of experts voting in The Cleaning Robot
Instance and The Driver Robot Instance with positive answers
> 50% plus one in each criteria from the Barema.
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Fig. 3. a) Experts’ validation data by version 1 to The Cleaning Robot
Instance. b) Experts’ validation data by version 1 to The Driver Robot
Instance.

In addition, we calculated the percentage of absolute agree-
ment (PAA) between de experts. Table II shows PAA by
instance. We observed that both instances have a PPA > 70%,
and as the majority voting is positive, we considered that our
instances are validated in the first round of experts’ validation.

According to our consensus criteria, both instances were
validated. However, as we applied the Delphi method, it is
necessary to execute one more expert round to minimize
possible inconsistencies of instantiation of our CTProgER



TABLE II
PERCENTAGE OF ABSOLUTE AGREEMENT IN ROUND 1

Instance PAA (%)
The Cleaning Robot 77.8
The Driver Robot 77.8

Framework, precisely adjusting the Q5, Q6, Q7, and Q08
criteria.

The QOS5 criteria refer to prior knowledge students need for
The Cleaning Robot Instance, and the Q06 criteria refer to
programming structures that must be implemented during The
Cleaning Robot Instance. As the subject of this instance was
algorithms introduction, identifying which prior knowledge
was necessary to start this subject study could be difficult.
The same was observed concerning the difficulty to recognize
the programming structures in Q06 criteria because this lesson
did not use a specific programming language but pseudo-code.

The QO7 criteria identify ways to test the solution implemented
during the lessons. Although our CTProgER Framework has
a debug didactic moment, it is possible that it may not be
apparent, In the guidelines we indicated the student instance
that the student should follow to test his solution in The Driver
Robot Instance. The QOS8 criteria refer to how the student is
assessed during the lesson. Our CTProgER Framework has
a didactic assessment moment. The student instances has a
question group and lesson plans orientation on how the teacher
can assess the student. However, it is possible that it may not
be clear how the student is assessed during The Driver Robot
Instance.

We summarized (see Tables III and IV) and analyzed the
expert’s qualitative considerations to update the instances
of the second round. These considerations are necessary to
improve our instances and minimize future problems during
interventions when we test the efficiency of our CTProgER
Framework. We considered the experts’ review to adjust both
instances, and we carried out the second round of instances’
validation.

To analyze the second round of instances’ validation, initially,
we observed a majority vote of experts, considering the 50%
positive answers plus one in each question to validate. We
analyzed the votes by instance. According to data presented
in Figure 4, it is possible to observe the majority of experts
voting in The Cleaning Robot Instance and The Driver Robot
Instance with positive answers > 50% plus one in each criteria
from the Barema.

We also observed a PPA = 100% and an average improvement
in agreement compared to the first round of 22.2% in The
Cleaning Robot Instance (see Table V). In The Driver Robot
Instance, we observed a PPA = 88.9% and an average improve-
ment in agreement compared to the first round of 11.1%. In
both instances, the majority voting is positive, and a PAA is
above 70%. For that reason, we considered that our instances

TABLE III
EXPERT CONSIDERATIONS (QUALITATIVE DATA) ON INSTANCE “THE
CLEANING ROBOT” (OUR TRANSCRIPT).

Criteria Observation

Q2 I had to go back in the document to understand that the
objective favors perceptions that algorithms are present in our
daily lives. As I understand it, this observation is related to
the teacher material.
As it focuses on High School students, I think the description
of the activity “Implementing a solution” should have a little
more detail, reinforcing the issue of creating the algorithm
even in natural language.
The development objective is to build a sequence of steps to
make the robot walk under a square. However, the role of the
triangle (still specifically equilateral) in the textbook example
was not clear.
It is unclear what prior knowledge the student needs to have
to progress in this class.
We identify square, equilateral triangle geometric shapes and
angles about the contents. However, the function of the
triangle (and even specifically equilateral) was not clear.
It is unclear what the structures would be. After using natural
language, I could make the association with the idea of input
- processing - output.
To make it easier for the student to test the solution, he could
use a sequence of images for each instruction. As if it were
a sequential simulation of the robot’s movement.
Through the answers to the questions, the first question is
in the form of a “yes” or “no” answer. Is that all you want
the student to answer at this point? If you’re expecting any
more information, it’s unclear in the question. On the third
question: are you repeating the initial question? To student
build the code again? (I didn’t understand the purpose). Or
do you want the student to write code for the rectangle on
the side?
I was in doubt if knowledge revolves around the explicit
concepts presented about algorithms and triangles or the
ability to draw a parallel on how technological solutions can
perform tasks.

Q03

Q05

Q06

Q07

Q08

Q09

are validated in the second round of experts’ validation.

E. Threats of Validity

This study has threats to validity. The CTProgER Framework
didactic moments cannot suit the High School target audience,
which can disqualify the instances’ validation process pre-
sented. The criteria from the Barema cannot be clear. The ex-
perts’ answers do not reflect the response that the author of this
study needs, which can also disqualify the instances’ validation
process. Finally, it is possible that the work process adopted
was extensive, especially the instances’ validation step, which
may have influenced the experts’ answers. We will conduct
an experiment in High School to apply the methodological
framework and instance and thus re-evaluate the framework
guidelines proposition and the content of validated instances
in future works.

VI. CONCLUDING REMARKS AND FUTURE WORKS

We introduce a methodological framework for teaching pro-
gramming in High School with ER, named CTProgER Frame-
work, and validate two CTProgER Framework instances. The
framework was defined following an Educational Design Re-
search conducted using a Delphi technique. The CTProgER



TABLE IV
EXPERT CONSIDERATIONS (QUALITATIVE DATA) ON INSTANCE “THE
DRIVER ROBOT” (OUR TRANSCRIPT).

Observation
Yes, but it could be more evident if you use the terms
“decision structure” or “choice” instead of “verification”.
Yes, I can identify the objective, but the second script presents
algorithms in pseudo-code with a specific syntax. It was not
explained to the student in this script how this way of writing
the algorithm is done, which elements, etc.
After the first lesson, I understand that the problem revolves
around the robot’s building that avoids obstacles. My question
revolves around the exact problem and the implicit concepts,
that is, understanding the concepts passed on in class. My
problem is to know if the problem is just the construction or
if it expands to the understanding of the concepts as well.
It is not possible to identify the previous concepts. There
could be a paragraph that could clarify this.
Yes, but I reinforce the importance of explaining how pseudo-
code works or signaling that this would be necessary prior
knowledge.
The activities part was confusing for me, where you are asked
to transform the pseudo-code (which was not clearly taught)
into a programming language (which is also not explained in
the script).
I continue to reinforce the need to adjust the pseudo-code
issue and the robot’s programming language.
In the first question, is your goal for the student to write “Walk
without limit”? In question 2, it may not be so straightforward
to calculate the distance. Maybe the teacher has to work
harder. In the “testing the solution” section, in question 1,
you want the student to answer only “yes” or “no”.

Criteria

Q01

Q02

Q04

Q05

Q06

Q07

Qo8

TABLE V
PERCENTAGE OF ABSOLUTE AGREEMENT IN ROUND 2
Instance PAA (%) | Average Difference (%)
The Cleaning Robot 100 22.2
The Driver Robot 88.9 11.1

Framework was proposed regarding consolidated methodolo-
gies for teaching with ER, combined with the Anthropological
Theory of Didactics and evidence from our previous ER
studies [14], [15], [23], [36], [35].

In the CTProgER Framework, an Institution [I] is the space for
teaching practice that, when given as input (input), an Object
(O) is possible through the experience of didactic moments
embedded in the teaching of programming through ER, de-
velop a relation R(X,0) as output. The didactic moments are:
problematic, analyzes, discovery, implementation, debug, and
assessment.

As far as we know, methodology frameworks related to our
proposal do not follow an adequate validation process. We
planned to validate our methodology framework through face-
to-face studies in a typical Institution [I]. However, due to the
COVID-19 pandemic, we could not get field validation yet. In
this sense, we validate the CTProgER Framework instances
through the experts’ validation.

We validated the CTProgER Framework instances through
the Delphi method that showed the concordance between
instantiating and guidelines through experts’ evaluation. The

«

IS

w

N

[

0

Q01 Q02 Q03 Q04 Q05 Q06 Q07 Q08 QO9
W Positive M Negative

d)
7

6
0 I

Q01 Q02 Q03 Q04 Q05 Q06 Q07 Q08 Q09
M Positive M Negative

«

w

~

[

Fig. 4. c¢) Experts’ validation data by version 1 to The Cleaning Robot
Instance. d) Experts’ validation data by version 1 to The Driver Robot
Instance.

instances’ validation was the first step to CTProgER Frame-
work validation that allowed the aligning of the concordance of
the instances with the CTProgER Framework guidelines. The
first round provided necessary data to improve the concordance
of our instances with the CTProgER Framework guidelines.
This data was used to adjust the validated instances in the
second round. The instances’ validation process improved our
instances and minimized future face-to-face studies problems,
where we will test our framework validity in our future studies.

We intend to investigate instruments to observe the R(X,0)
relation in future works. Also, we plan to apply the CTProgER
Framework and the instances validated in this study in a typical
High School to observe its impact on teaching programming.
Ultimately, we will investigate the possibility of the CTProgER
Framework being extensible to other Institutions [I].
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