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Abstract

The information society is part of current life, and algorithmic thinking and pro-
gramming are relevant for everybody regardless of educational background. Today’s
world needs professionals with computing competencies from WEIRD (Western,
Educated, Industrialized, Rich, and Democratic Societies) and non-WEIRD con-
texts. Traditional programming languages include syntax barriers that complicate
their overall adoption and usefulness for people from a non-WEIRD context. To
solve it, block-based programming languages like Scratch permit the development
of programming competencies without syntax restrictions in online environments.
This article presents empirical evidence of the positive impact of Scratch with the
CARAMBA recommendation system for lessons and exercises proposals based on
collaborative filtering of personalized learning from students’ experiences. Previous
experiences demonstrated that students require assistance in successfully defining
sub-competencies and exercises to develop programming competencies by apply-
ing Scratch. This work shows the application of Scratch and CARAMBA in a non-
WEIRD school context for developing programming competencies. Obtained results
show that developing exercises with Scratch and CARAMBA motivated students’
autonomy, and as well, the programming learning application increased exam scores
in all the analyzed grades. Those results encourage us to continue using Scratch and
CARAMBA for developing programming competencies in similar non-WEIRD
contexts.
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1 Introduction

In today’s society, most students are considered digital natives, and programming is
necessary for solving problems (Kalelioglu, 2015). Numerous educational institu-
tions consider programming in their curricula, even at initial levels (i.e., K-12). Most
of the research literature regarding developing programming competencies is in so-
called WEIRD countries, nations with Western, Educated, Industrialized, Rich, and
Democratic populations (Henrich et al., 2010b; Jones, 2010; Ruggeri et al., 2019).
Methodologies are necessary to develop programming competencies in non-WEIRD
communities.

For Henrich et al. (2010a), the experimental results in WEIRD communities are
not standard for all populations because substantial variability and frequent outli-
ers exist. Within the domains reviewed, programming learning should develop spa-
tial reasoning, reasoning styles, motivation, categorization, and differential induc-
tion (Cardenas-Cobo et al., 2021). As Tomczyk et al. (2019) and Martinez (2021)
remark, Latin American countries, mainly Ecuador, have different social, techno-
logical, and economic features. The presence of less-developed areas from a socio-
economic point of view makes the teaching and learning process of programming a
real challenge. It is a critical issue considering that students need a more substantive
base for solving problems than mathematics and physics. According to (Niess, 2005;
Medeiros et al., 2019; Byun et al., 2012), learning programming in a non-WEIRD
context is a complex task, even in a university setting.

1.1 Problem statement, goal, and contributions

Following a sequence of steps to solve a particular problem and dividing tasks into
subtasks are two main difficulties that new students of introductory programming
courses at universities habitually enconunter (Medeiros et al., 2018). The usual cur-
riculum of introductory programming courses at universities applies text-based pro-
gramming languages that, for their syntax, are a significant barrier to working with
and developing programming competencies. Consequently, student frustration and
loss of confidence impede the acquisition of programming competencies (Benned-
sen & Caspersen, 2012). This problem is even more significant for students from
non-WEIRD areas because algorithmic and computing skills are rare in primary and
secondary education.

After the positive results obtained in developing programming competencies in
university students (Cardenas-Cobo et al., 2019; Vidal-Silva et al., 2019), this work
looks to applying Scratch and the CARAMBA recommendation system to develop
programming competencies in primary school children from non-WEIRD contexts:
this work applies Scratch and CARAMBA on 428 children aged eight to twelve from
a primary public school in Milagro, Guayas, Ecuador. This article measures and
evaluates the programming competencies’ development through a validated instru-
ment (Roman-Gonzélez, 2016) looking to generate a long-term impact on future
university students from non-WEIRD areas in developing countries by providing a
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peer learning opportunity to develop programming competencies. The CARAMBA
recommender system is applied for suggesting exercises and lessons. Thus, the
main objective of this research is to verify the effective development of program-
ming competencies in primary school students from a non-WEIRD area by apply-
ing block-based programming languages like Scratch. This article also examines
CARAMBA’s impact on university students’ professional competencies when they
become tutors. We considered System Engineering students for their familiarity with
programming and to develop teaching abilities for class assistance at the university.
In Ecuador, System Engineering is like Computer Engineering in other countries.
Figure 1 summarizes the main components of this research: teachers and students of
engineering, tutors, school students, and Scratch and CARAMBA. The arrow of that
figure illustrates the practical supporting of teachers and tutors to develop program-
ming competencies in school students by applying Scratch + CARAMBA.

1.2 Research questions

This project represents quantitative quasi-experimental work to answer the fol-
lowing research questions.

RQ1 [Impact of Scratch in a non-WEIRD context] How can Scratch affect the
development of programming competencies in primary school students from
a non-WEIRD area? Although this study includes Ecuadorian pupils, other in-
developing and developed nations may benefit from the anticipated results and
applied experiments.
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Fig. 1 The Main Participant of the Scratch and CARAMBA project
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RQ2 [Impact of CARAMBA in a non-WEIRD context] What is the impact of
CARAMBA (Cérdenas-Cobo et al., 2019) in the development of programming
competencies in primary school students from a nonWEIRD area?

RQ3 [Tutors’ Perception] How do System Engineering students as tutors per-
ceive the benefits of Scratch, and CARAMBA (Cardenas-Cobo et al., 2019) for
effectively developing programming competencies in children?

RQ4 [Motivation to Continue Using Scratch and CARAMBA] How eager are the
tutors in the experiment to learn and use more sophisticated programming skills
in the future?

This study looks to answer each defined research question considering an initial
test for primary school students to diagnose logical reasoning, an evaluation of com-
putational thinking before and after applying Scratch and the CARAMBA recom-
mendation system for the primary school students, and a final interview with univer-
sity students to determine the research’s impact on their academic profile.

1.3 Threats to validity
This article considers the following threats that could distort the expected results.

e This research was developed in a primary school with pupils between 8 and
12 years old. Regardless of the context, pupils have the minimum knowledge
base to learn new technological tools (Thieman, 2008).

e The study had a longitudinal or follow-up profile to measure the evolution of
programming competencies in primary school children.

e A group of university students from Systems Engineering participated in the
study as tutors. Everything was controlled and advised by a group of professors
from the same major participating in the research. University students were the
tutors who assisted each group in the experiment.

e This research uses two reactive-type exams to measure the programming com-
petencies evolution in primary school students following the same scheme of
Roman-Gonzalez (2016) in a different scenario.

e To avoid the bias implied by the screening process, this work carried out a fully
transparent evaluation process using multiple-choice questions with only one
correct option.

The rest of this paper is organized as follows. Section 2 describes the main char-
acteristics of WEIRD and non-WEIRD communities and details issues and cur-
rent benefits of the teaching—learning in programming. Section 3 defines the mate-
rial, objectives, impact, and applied tools in the research. Section 4 gives details
and discusses the academic results obtained using Scratch and CARAMBA in the
teaching—learning process for developing programming competencies. The paper
concludes by summarizing the benefits of the educational experience and moti-
vation of the authors for continuing to apply Scratch and CARAMBA to develop
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programming competencies in children anywhere, regardless of the WEIRD or non-
WEIRD status of the area.

2 Background
2.1 WEIRD and non-WEIRD communities

According to Henrich et al. (2010b), scientists must stop doing most of their experi-
mental research in a WEIRD context to understand human psychology better. Cul-
tural psychologists have demonstrated that people from.

WEIRD communities tend to have a more individualistic and less communal out-
look on life. In contrast, people from non-WEIRD backgrounds are more analytic
and less holistic (Mesoudi et al., 2016).

As Roberts et al. (2020) indicate, WEIRD students are not a representative group
of human beings. Using WEIRD students as a study group can result in broad and
likely false assertions about what drives human behavior due to the easy access to
information and technology in WEIRD populations (Jones, 2010). On the other
hand, studying people living in a non-WEIRD context can offer substantially more
significant research benefits (Ruggeri et al., 2019).

Arnett (2008) remark that research papers published in the top psychology jour-
nals focus on Western societies and do not represent humankind. That coincides
with the outcome of (Henrich et al., 2010b) regarding the analysis of ten years of
production in psychology journals suggesting a similar bias in the field of research.
Henrich et al. (2010b) demonstrated a significant difference between WEIRD and
non-WEIRD people cognitively and in making social decisions. Table 1 shows that
Non-WEIRD communities have characteristics different from the WEIRD popu-
lations, which would allow reproducing experiments in different contexts through
validated measuring instruments to ensure result quality (Pope et al., 2019; Roman-
Gonzilez, 2016). Pope et al. (2019) suggest that by using codified rules, humans
can solve many problems precisely. They also conclude that several cultural varia-
tion aspects, knowledge, environmental uncertainty, and educational training could
emphasize the observed intercultural differences.

2.2 Introductory programming courses

The work of Gomes and Mendes (2007b) and Durak (2020) mention using variables,
conditional structures, and repetitive cycles as essential competencies in teaching
computer programming courses at the university. As the work of Lopez-Escribano
and Sanchez-Montoya (2012) indicates, introductory programming courses looking
to develop those competencies at university levels have a high dropout. University
students usually experience issues at the initial stages of their programming stud-
ies, leading to frustration and failure due to several factors (Cardenas-Cobo, 2020).
However, the critical factor is that students need to improve in cognitive reason-
ing skills and applying problem-solving strategies, i.e., they have not developed the
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cognitive abilities yet to start learning programming (L6pez-Escribano & Sanchez-
Montoya, 2012).

Extensive research has examined experiences in the teaching—learning process of
programming in search of the most common difficulties students face during intro-
ductory programming courses at university levels and how to address these difficul-
ties, as this article describes as follows.

2.3 Related work

This article continues the Ph.D. work of the first author regarding applying Scratch
programming language for developing programming competencies in non-WEIRD
children (Cardenas-Cobo, 2020). We present development updates and evaluate the
effectiveness of CARAMBA for recommending programming tasks to develop pro-
gramming competencies for primary school children in non-WEIRD scenarios.

The work of Hsu et al. (2018) highlights that although developing program-
ming competencies in education has significantly progressed in recent years, edu-
cators still need to identify how to teach it. Hence, applying recommendation tools
to support children’s learning process seems an adequate solution. Ali et al. (2022)
propose a system architecture to build semantic recommendations regarding user
requirements and preferences to seek proper courses. Because developing program-
ming competencies is a great challenge, mainly for the lack of teaching materials
and human resources, Saito and Watanobe (2020) propose a learning path recom-
mendation system by applying a recurrent neural network with prominent results.
He et al. (2020) applied recommender systems and Scratch to personalize experi-
ences by a string input: a single program block is divided into related knowledge
points to calculate distances, similarities, difficulties, and knowledge points for
personalized programming experiences. The work of Céardenas-Cobo et al. (2019)
describes a recommender system (the first version of CARAMBA) for developing
programming competencies in non-WEIRD students using Scratch.

Regarding the benefits and issues of using Scratch for developing programming
competencies, as remarked by Rodriguez-Martinez et al. (2020), Scratch represents
a free and online programming language that eases the acquisition of mathematical
concepts and the development of programming competencies.

The work of Fagerlund et al. (2021) remarks that educational objectives of com-
putational thinking are non-clear: various learning objectives exist for topics like
computer science, programming, and computing but not for computational think-
ing. Schools must consider updating their curriculum to develop and apply computa-
tional thinking in their main subjects. That also requires adjusting the competencies
of teaching majors to include programming competencies and block-based environ-
ments like Scratch and TinkerCAD for children (Tupac-Yupanqui et al., 2021).

Developing programming competencies in non-WEIRD communities is an
important and necessary task. Nowadays, people live highly connected, and human
dependence on technology is ever-increasing. Non-WEIRD children can feel moti-
vated by accessing technology (Keeler & Bernstein, 2021). That motivation can
help develop and improve other scientific and knowledge subjects by applying
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programming competencies. Different topics apply computational thinking in their
experiments, and developing programming competencies can be a successful and
enjoyable experience (Rojas-Valdés et al., 2022).

2.3.1 Teaching-learning initiatives

Lahtinen et al. (2005) performed a study with university students and professors to
identify learning difficulties in introductory programming courses. More than half
of the participant students (58.6%) had previous programming experience, and only
40.6% considered they had more or less moderate programming skills. Summariz-
ing, that study found:

e The wide range of experience levels among programming students becomes a
problem in designing exciting and challenging teaching for all students.

e The most challenging factors in programming are understanding how to design
a program capable of solving a given problem, dividing functionality into steps,
and locating errors in their programs.

e Self-study exercises were considered more valuable than lectures and hands-on
sessions in computer classrooms.

The rate of self-programming was more useful than self-study.
The biggest problem among new programmers is not related to their ability to
apply their new programming knowledge.

These findings highlight that student learning will improve significantly through
practice and real-life situations regardless of their social source because computing
and programming competencies are novel, attractive, and applicable in other areas.
While theory is essential to programming, students also implement the ideas to
thoroughly understand the concepts. For example, Wing (2010) refers to computa-
tional thinking as a mental activity in which people state a problem to solve with a
computer.

Recent initiatives to improve the teaching—learning process of programming aim
to implement strategies that foster the development of cognitive abilities in students.
Those studies have prompted research into alternative methods of teaching introduc-
tory programming, such as constructive alignment (van Der Vleuten & Schuwirth,
2019). It is a student-centered education model that aims to enhance the learning of
very diverse students, with various learning approaches and prior knowledge of pro-
gramming (Cain & Woodward, 2012). Similarly, Gomes and Mendes (2007a) pro-
posed a computational system that helps reduce current learning difficulties through
an environment that prioritizes students’ learning styles in designing different prob-
lems and tasks. Based on a constructive approach, the system provides opportunities
to develop while the learning process is taking place.

Currently, learners must develop a self-learning capacity according to the require-
ments of society. Hern4n et al. (2006) propose changing the teaching focused on
transmitting formal contents (expository classes) to learning focused on competence
development and solving problems related as closely as possible to reality. Problem-
based learning improves retention in the long term by forcing the learner not only to
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understand but to apply or reflect on the learned concept. As a current problem-solv-
ing technique, programming and programmers require creativity and being creative,
respectively (Ramirez-Montoya et al., 2021).

According to Sun and Liu (2022), the number of teaching methods is getting
closer to the creative, and the potential role of programming needs to be higher in
computer science research. Hence, educators should foster the students’ motiva-
tion to improve their creative skills (Sanchez et al., 2022). Usually, researchers and
computer education teachers do not emphasize creativity; they focus more on syntax
rules and the program’s goal. In that context, beginner programmers must interpret
and give algorithmic solutions making algorithm programming a real challenge.

3 Methodology and research design
3.1 Methodology

This study worked with 428 children, 856 parents or relatives, 24 teachers from
the educational unit, and 48 systems engineering students from the university. This
study took place in a computer lab at the primary school. The primary school com-
puter lab contained 15 computers fitted out for the research intervention. Although
the primary school is located downtown in the city, there were children from the city
outskirts and countryside.

This work diagnosed some problems in the initial curriculum of the computer
course at primary school regarding essential programming competencies (Durak,
2020; Gomes & Mendes, 2007b): defining and using variables, applying conditional
structures, and using repeating operations. The initial curriculum of the computer
subject was limited to dominating basic office tool concepts and recognizing com-
puter devices. Hence, we defined the following teaching—learning activities: 1. Defi-
nition of basic computer concepts. 2. Diagnostic evaluation of logical thinking. 3.
Teaching Scratch. 4. Evaluation of Scratch Intervention. 5. Applying CARAMBA.
6. Final Evaluation of computational thinking in the verification results stage.

The diagnostic evaluation results highlighted low access to technology, especially
computers at home. The first activity was teaching basic computing concepts, using
the mouse and the operating system to create folders and store files. This research
applied Scratch and CARAMBA in two phases: the first phase of five months and
the second phase of the remaining three months. At the end of each phase, the
‘Computational Thinking Test’ version 2 (CTT V2) was applied (Roméan-Gonzilez,
2016), an objective multiple choice test with four response options (only one cor-
rect), to characterize each item in one of five design axes: i) Treated computational
concept, ii) Interface-environment of the item, iii) Style of response alternatives, iv)
Existence or no existence of nesting, v) Required task.

Table 2 describes the fundamental characteristics of the student population at the
academic unit. We observed that most students were younger than 15 years old. The
male group is more significant than the female group, and 8% of the children have spe-
cial needs. Students and professors of Systems Engineering collaborate in each work-
ing group with the course professor. Each Systems Engineering professor specialized in
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Table 2 Equality-population

approach matrix Focus Description Beneficiaries
Gender Male 236
Female 192
Total 428
Age Under 8 years of age 426
From 8 to 12 years old 2
From 12 years to more 0
Total 428
Disabilities Physics 13
Psychological 1
Mental 2
Auditory 2
Visual 14
Total 32
Mobility Ecuadorian 419
Foreigners 9
Total 428

a technical topic of the research. Table 3 shows each group and describes its role and
functions within the research.

3.2 Materials

Appendix A (Figs. 8, 9, 10, 11, and 12) shows the questions for the initial diagnosis to
students. From this data, we obtained informative data, ethnic distribution, gender, level
of access to technology, and essential questions of mathematical and logical reasoning,
keeping in mind that in the school population, there are students who have never used a
computer. Figures 13, 14, and 15 in the Appendix B show the second questionnaire that
aims to assess the computational thinking of children. Students answered that question-
naire before and after applying Scratch with CARAMBA support.

Table 4 shows the third questionnaire used to understand the attitude of System
Engineering students after participating in the research to learn about their motivation,
knowledge of the professional world, generic competencies, specific competencies, and
conclusions. That permitted determining social responsibility after they participated in
the research.

The datasets generated during and/or analyzed during the current study are available
from the corresponding author upon reasonable request.
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Table 4 Survey for interviewing engineering students

QUESTIONS

VARIABLES

(2 min) Students will receive an explanation of the methodology used
and the objectives of the survey

(5 min) The aim is to measure the student’s motivation in two areas:
motivation to offer a service

to the community and motivation for the subject (Programming)

” Is it harder for you to miss programming classes than for other
subjects”?

“Were you more motivated to program?”’

(5 min) Through questions:

“Do you think the work done on the project is similar to what you
will do in your future professional?

Do you see this approach as interesting? We have worked with a
public institution. ;Do you find it interesting?”

(5 min) They were asked the following question

“Another objective of this methodology is to create a working envi-
ronment that allows the student to develop generic or transversal
competencies. Examples are:

autonomous learning, information search, teamwork, communication
skills, planning, etc

What do you think? In particular, how have you experienced this
project?

What did cohabitation and working with children in the public sector
seem like?

Did you perceive any problems (affective, emotional, learning, eco-
nomic) in the children with whom you worked?”

(5 min) The students were asked the question: Do you think you have
learned more deeply the

technical knowledge of the subject (programming)?

(20 min) It intends to obtain additional comments to improve the
project. Do you think your programming learning has been better or
worse because of the project?

(5 min) What was the best thing?

(5 min) What improvements do you suggest?
(5 min) Have you left anything unsaid?

Preamble: Introduction to Project

Motivation

Approach to professional world

Generic competences

Specific competences

Other

4 Scratch & CARAMBA

4.1 Scratch

The Scratch platform proposes a programming language based on blocks with
visual grammar and combination rules that have the same role as the syntax
in text-based programming languages such as C, Java, or Python (Cabo, 2019;
Tupac-Yupanqui et al., 2021). As indicated by Resnick et al. (2009), the original
goal of Scratch was to develop a programming approach that would attract peo-
ple, regardless of age, social background, or educational background, to develop
algorithmic solutions. Without the complexities of syntax and semantics of tradi-
tional programming languages, that makes Scratch a language for programming
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interactive stories, games, animations, and simulations easy for all its users, who
can also share their creations with others. Thus, the primary goal of Scratch is not
to prepare people for professional or technical careers in programming but to nur-
ture a new generation of creative and systematic thinkers using programming to
express their ideas. These researchers used Scratch to create educational activities
to teach programming for various reasons: highly developed platform, the social
component, collaborative work, ease of use, and variety of bibliography (Vidal
Silva & Pavesi Farriol, 2005).

In WEIRD contexts, school children have more significant opportunities to
access technology and develop computational thinking; as this work highlights,
the literature demonstrates the application of various Scratch interventions in a
WEIRD school context.

4.2 CARAMBA

CARAMBA is a recommendation system that allows students to suggest exercises
to develop in Scratch. Those exercises are for comparing profiles with other users
that permit recommending activities according to their level of knowledge, which
can increase in complexity as they solve new exercises. Each student evaluates the
style and complexity at the end of developing solutions. These two variables enable
comparing students with similar backgrounds who have evaluated the exercises that
rest in a knowledge base managed by the CARAMBA recommendation system. The
works of Cardenas et al. (2017); Cardenas-Cobo et al. (2019) detail experiments and
the academic results of using CARAMBA on university students in Ecuador.

CARAMBA was developed to improve learning in university contexts (Cardenas
et al., 2017). As an intermediary and motivator Scratch supporting tool can assist
new students in developing programming competencies. After demonstrating the
CARAMBA effectiveness with university students, it was scaled to a primary school
context to propose a sustainable learning process in a non-WEIRD context. That is,
to ensure that children in their primary school stage develop computational thinking
and reduce difficulties in learning programming and decision-making regardless of
their social setting. It is sustainable because school students can return to the learn-
ing of the development of computational thinking in other subjects in a school con-
text by developing applied soft skills with their linking practices.

CARAMBA is not synonymous with Scratch (Cardenas-Cobo, 2020). It com-
plements those interventions allowing students’ autonomous learning by recom-
mending exercises. The number of teachers and tutors required in a classroom
to accompany the students is minimal. This study shows that students obtained
better results on the test after the guided learning intervention with CARAMBA
since they learned at their own pace in regard to that set by a teacher. Each appli-
cation of CARAMBA begins with user registration to get the age and define new
level exercises for the user. After identifying a user, CARAMBA recommends
exercises from similar users regarding age, taste, suggested programming compe-
tencies, and difficulty level.
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5 Data analysis & results
5.1 Initial evaluation of logical thinking

Before initiating Phase I, we applied a reasoning test to the students regarding
their previous algorithmic and programming competencies (see Appendix A).
From a population distributed in 12 parallels, morning and evening sessions, Sth,
6th, and 7th year of primary school, the test consisted of 17 questions to deter-
mine access to technology before intervention classified in abstraction, logical
reasoning, successions, and series. Concerning the test and results, we observed
the following.

e Questions 3, 14, and 15 (see Appendix A: Figs. 9, 12) are the ones that record
the most errors at the time of application—above 85%.
Question 3 allows the evaluation of abstraction.
Questions 14 and 15 allow the evaluation of logical-mathematical thinking.

¢ In the questions of successions and series, the results have been satisfactory.

We can appreciate that questions about logical reasoning, mathematical think-
ing, and abstraction represent the main issues for students before starting the pro-
gramming course.

5.2 Phase I: applying scratch

After the diagnosis, we proceeded to work with children on Scratch. One of
the Systems Engineering students plays the role of tutor and explains the main
options of Scratch. After reviewing variable initialization, conditioning factors,
and repetitive cycles, this research applied the CTT V2 (Roman-Gonzalez, 2016).

Figure 2 shows the successes and failures for each group and section in the first
exam test assessment. We can see that the percentage of successes and failures is
very similar in each group in the morning and afternoon. The group with the most
hits was 5th A (5A) in the afternoon.

Figure 3 summarizes the study’s results showing that the failures are slightly
superior to the successes in terms of the median. When applying the paired t-test
statistic for independent samples with a normal distribution (Shapiro—Wilk,
p-values =0.945) and homogeneous variances (F-test, p-value = 1), we noted that
these differences are not significant (t-test, pvalue =0.982). Hence, we conclude
that the results achieved in the first test were unsatisfactory because the number
of hits and failures are similar. Thus, as an answer for RQ1, only using Scratch is
insufficient for developing programming competencies in non-WEIRD child stu-
dents. On this basis, this work identified students’ weaknesses, and the work with
CARAMBA began.
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Evening Morning

5A 5B 6A eB 7A 7B 7c 5A 5B 6A 6B 7A 7B 7C
Course

Result

Metric

. Failures
. Successes

Fig.2 Successes and failures by course. First exam test assessment
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40"
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30"
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Fig.3 Summary of successes and errors. First exam test assessment
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5.3 Phase lI: applying (Scratch + CARAMBA)

Unlike the first application of the CTT V2 (Roman-Gonzilez, 2016), the suc-
cesses largely surpassed the failures in the test post-CARAMBA on the same stu-
dents. Figures 4 and 5 show those results. We applied a nonparametric Wilcoxon
test after proving that the data does not distribute normally (Shapiro—Wilk test,
p-values=0.00973). The results (p-value=1.923e-08) show significant differ-
ences between failures and successes.

To finish with the analysis, Fig. 6 summarizes the successes achieved between
the first and second phases of the project. A substantial improvement exists in the
earned hits in the second test. According to the t-test (normality [p-value=0.1659
and p-value homogeneity =0.2465]), these differences resulted in significant
(p-value =1.892e-05). These results show that CARAMBA contributed to the learn-
ing process for developing programming and computing competencies of students
from a non-WEIRD context, answering RQ?2.

Additionally, Fig. 7 evidences that the students at the academic unit in the after-
noon session present a noticeable improvement compared to those in the morning
session, except for the SA afternoon session. The education schedule of primary
schools in Ecuador presents a separation between morning and evening courses.
It was not easy to control autonomous learning in this group, as students did not
always complete the exercises recommended by CARAMBA. Furthermore, guided
education prevails due to various factors such as age, group of tutors, and schedule.
The control of those variables should be part of future work. The growth rate of the
evening session, concerning course success, is above 32%.

Evening Morning

100 A

75 1

50 A

Result

25 4

Metric
. Failures
. Successes

5A 58 G6A 6B 7A 7B 7C 5A 5B 6A 6B 7A 7B 7C
Course

0+

Fig.4 Successes and failures by course. Second exam test assessment
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40-

30-

' 1
Failures Successes
Metric

Fig.5 Summary of successes and failures. Second exam test assessment

70-

60 -

Result
3

40-

30-
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Fig.6 Summary of successes and failures. Second exam test assessment
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Improvement index comparison
Morning vs. Evening

60,00% 55,12%
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40,00% ' 37.04% % 32399
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30,00% 22,39%
20,00% -
10,00% . 5,71% £ 537%
] R W
0,00% — - — — ——
- 6'A" 6B 7140 7 g 71¢
-10,00% -4,76%

® Morning ™ Evening

Fig.7 Comparison of improvement for course and session

5.4 Social responsibility in engineering students

Ultimately, this research interviewed System Engineering students who partici-
pated as tutors. Table 4 shows the applied questions and research variables. The
following lines summarize part of their answers.

Motivation: 54% of the System Engineering students replied that it would be
harder to miss the project than the classes in a normal subject. Hence, half of
the engineering students consider it essential to assist in developing the pro-
ject and avoid failing their responsibility. This percentage does not conclude
as satisfactory the intervention in terms of responsibility; however, the prior-
ity given to his subjects contributes indirectly to better academic preparation
for their professional development. Regarding this aspect, 96% of the engi-
neering students confirm that they have been motivated to prepare themselves
better in the fundamentals of programming before project participation, which
helps improve their programming skills.

Approach to the professional world: 62% of the System Engineering stu-
dents consider that the activities developed will contribute to their profes-
sional life, and 35% perhaps, only 4% feel that they will not. Additional com-
ments of students who responded with a “maybe or not” was because they
focused on the question asking for their professional life as teachers in the
future, a profile in which they are not interested at the moment. However,
those who said “yes” contemplated the beneficial experience of developing
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skills such as public speaking, self-learning, and acquired patience, which
they consider can help them in their professional future.

¢ Generic competencies: 96% of the System Engineering students confirm that
they have developed social responsibility by participating in the project. The
adjectives used to qualify to live with the children of the public school are,
in summary: excellent, good, enriching, wonderful, pleasant, rewarding, and
unique. All comments suggest a favorable response to participation with chil-
dren and the results obtained.

The coexistence also allowed System Engineering students to detect learning
problems, family problems, low economic level, lack of affection, poor knowl-
edge of computers before intervention due to the lack of access to technology in
their homes and due to lack of economic resources, disability (visual, hearing,
behavioral disorder, autism), in children in the academic unit. That resulted in
increased perception and observation, essential competencies for a system engi-
neering student.

e Specific competencies: 77% of the System Engineering students consider that
they have learned more from programming than in their regular classes through
self-learning and preparation for the course at the public school. 15% show a
different opinion by answering that they had already mastered programming con-
cepts when the research started, and 8% considered that it might have contrib-
uted to its training.

e Others (to extract ideas for improvement) Words taken from the comments of
System Engineering students: teaching (love, like, joy, boys, and girls), motiva-
tion, encouragement (boys and girls), help, learning, living together, experience,
commitment, and opportunity.

Previously described items permit answering RQ3 and RQ4; System Engineering
students positively perceived the effects of using (Scratch+ CARAMBA) for devel-
oping programming competencies in non-WEIRD contexts. Considering the results,
the research team wants to continue using (Scratch+CARAMBA) to benefit non-
WEIRD students in other places.

It is necessary to consider the proposed improvement ideas to rethink the project
and continue the intervention to measure its long-term impact. For this, the research
team must consider the following: 1) to develop a structured lesson plan for children
who have experienced difficulties in independent learning, ii) to increase the number
of engineering students participating as tutors, iii) to feed the CARAMBA database
with more straightforward exercises for the initialization level, iv) to increase the
number of computers, v) to train more engineering students to develop program-
ming competencies outside, vi) to increase class time in phase I, vii) to extend the
introductory program for children who have no prior knowledge of computer sci-
ence (peripheral device management, operating system) and, viii) to plan the classes
of phase I according to age.

In summary, the followings were the main contributions of this paper:
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To confirm the applicability of (Scratch+CARAMBA) for developing program-
ming competencies in students regardless of their study level and social status.
To demonstrate the usefulness of (Scratch+CARAMBA) in developing algo-
rithmic thinking and programming competencies in children from non-WEIRD
areas.

To project the applicability of (Scratch+CARAMBA) for developing algorithmic
thinking and programming competencies in children anywhere: children from
WEIRD and non-WEIRD areas.

6 Conclusions

Following the initial diagnostic of reasoning, we can draw the following conclusions:

1.

According to our research on using (Scratch + CARAMBA) to develop program-
ming competencies, considering the obtained results, we conclude that both tools
represent excellent options in the non-WEIRD context.

Our work successfully answers the four research questions: 1. Scratch positively
affects children’s learning process in non-WEIRD schools. 2. CARAMBA is a
great recommender tool for assisting the development of programming compe-
tencies of children in non-WEIRD contexts. 3. Tutor’s perception, university
students, perceived the usefulness of Scratch+ CARAMBA for developing pro-
gramming competencies of children in non-WEIRD areas. 4. We want to motivate
the use and continue using (Scratch + CARAMBA) for developing programming
competencies in all contexts.

We were able to pinpoint variables that may link to the social responsibility
acquired when interacting with school-age children thanks to the findings of the
engineering students’ final survey.

Due to participant exchanges of experiences that allowed for peer learning, the
initiative helped engineering students acquire social responsibility.

Our work accomplished its primary goal of applying Scratch+CARAMBA to

successfully develop programming competencies in children of non-WEIRD areas
from an in-development country. Although other recommender tools exist with
Scratch, such us (He et al., 2020), this research applied CARAMBA to highlight the
research work of the first author in her Ph.D. studies. This work aligns with existing
work like Cardenas-Cobo et al. (2019), Ansari et al. (2016), He et al. (2020) and
Saito and Watanobe (2020) regarding the usefulness and positive implications of
using recommendation system for developing computing competencies in the educa-
tion process of young students.
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Appendix A Questions for the initial diagnosis

UNIVERSIDAD ESTATAL DE MILAGRO
FACULTY OF SCIENCE AND ENGINEERING

SYSTEMS ENGINEERING CAREER
COMMUNITY OUTREACH PROJECT

"COMPUTER ACADEMY"
SURVEY ADDRESSED TO CHILDREN FROM 8 TO 12 YEARS OF AGE
MILAGRO

CODE: COURSE-SCHOOL-SECTION-SECTION-No. LIST
INFORMATIVE DATA:
1.- Gender:

a) Female

b) Male
2.- People and Nationality:

a) Indigenous

b) Mestizos

c) African American

d) White

e) Montubios

f) Others
3.- Age group (age):

a) Under8yearsold

b) From 8to 12 years old

¢) From12to15yearsold

d) 15andover
4.- Type of disability:

a) Physical

b) Psychological

¢) Mental

d) Hearing

e) Visual

f) None
5.- Nationality:

a) Ecuadorian

b) Foreigner

DATE:

IN THE DISTRICT OF

Indicates the degree of use of the following services
offered by the Internet

YES

NO

SOMETIMES

Do you have a computer at home?

Do you have Internet at home?

Do you download music?

Do you download documents?

Do you download images?

Do you download videos?

Do you log in to Facebook?

Do you downloads research?

The knowledge you have about computers, be it a lot or a
little, who taught you?

YES

NO

SOMETIMES

Friends

Father

Mother

Brother / Sister

Himself / Herself

Training course

School

Cyber

Fig. 8 Initial diagnostic test for children -Informative data
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REASONING TEST FOR CHILDREN FROM 8 TO 12 YEARS OF AGE

Find out what logical reasoning ability your children have by answering the questions in this

test.

1. SACOis to ASCO as 7683 is to:

a)
b)
9
d)

3678
3867
6783
8376

2. ¢ How many circles do you see in this picture?

a)
b)
9
d)

7
8
9
10

ADD
o Q.0

JAN
QDQ

AOA

U A A O
DAQDQA

3. ¢ How many rectangles are there in the figure below?

a)
b)
q
d)

6

18
15
10

4. If 4 apples out of a dozen are rotten, how many are good?

a)
b)
9
d)

a0 AN

Fig.9 Initial diagnosis test for children—Questions part I
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5. Find among the six figures on the right which one is missing in the set on the left.

OmA [@
' A@ |l
Ao (A

e

o
mMmoOON ®>

6. ¢ Whatis the number that completes the series?
6-12-18-24--36

a) 34
b) 28
c 30
d) 32

7. ¢ What is the missing number?

a) 3
b) 33
c 13
d) 14

8. Look at the following image, think and calculate the value of the square.
W+ =53
A+A-36
A+ =45 H:=?

a) 24
b) 26
c 28
d) 30

Fig. 10 Initial diagnosis test for children—Questions part II

@ Springer



Education and Information Technologies

9. Today | went to buy oranges, the sales clerk gave me 6, | ate 1 and my father ate 2, another one fell
and spoiled. How many oranges do | have left?
a) 2
b) 3
o 4
d) 5

10. What value is next in this series?
4-6-8-10-?

a) 9
b) 11
o 12
d) 14

11. What letter follows in this series?
c-e-g-i-?

a) k
b) a
c |
d) j

12. Which card follows in the next series?
D e e e |
I 0 |
a) b) c) d)

o
a o oo

Fig. 11 Initial diagnosis test for children—Questions part III

@ Springer



Education and Information Technologies

13. ¢ Which card follows in the next series?

K=
n T

d d
14. If afly lives 5 days and in one day it travels 12 meters, how far will it travel in 7 days?

a) 60 meters
b) 84 meters
c) 77 meters
15. If 7 cats catch 7 mice in 7 minutes, how many minutes will it take 1 cat to catch 1 mouse?
a) 7

b) 1
o 5

16. What number is the car parked at?

L] 1B\

a) 78
b) 87
c) 89
d) 86

17. DIDIDIDID is to 49499494 as DIIDIIDD is to:

a) 94494499
b) 49949944
) 49499494
d) 94944949
e) 49944949

Fig. 12 Initial diagnosis test for children—Questions part IV
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Appendix B Questions to assess the computational thinking

of children

UNIVERSIDAD ESTATAL DE MILAGRO

D=\J

COMPUTATIONAL THINKING TEST

Vincalacion con o Colecivided,
NAME:

20

INSTRUCTIONS

All questions have 4 answer options (A, B, C or D) from which only one is correct.

1. That is, to take Pac-Man' EXACTLY to the square where the ghost is (without going over or stopping short), and strictly
following the path marked in yellow (without touching the walls, represented by the orange squares).

Which instructions take Pac-Man' to the ghost by the path marked out?

Option A

ey

Option B

D4

Option C

*rt

Option D

¥

2. In the second example you are asked which instructions the artist should follow to draw the shape on screen. That is, how to MOVE

the pencil to draw the shape.

The MOVE instruction pushes the pencil whilst drawing, while the JUMP instruction makes the artist jump to another location without
drawing. The grey arrow indicates the direction of the first movement of the pencil.

the square measures 100 pixels.

R

Which instructions should the artist follow to draw the square? Each of the sides of

Option A
move (ETITERD by K53 piels

oos
move ETITED by K pies
turn GTIKD by E2KD degrees.
move (TR by K120 pixets

Option B

Option C

turn G by 3K degrees
move (ENTTEER by EX) puets.

Option D
‘move UZTIEER by L2 pxels
turn 7D by 3K degrees
move (ZIIETR by K52 pixels

turn (7ITKD by KD degrees.
move (EXZTER by KL pixels
turn QD by D degrees
move (EDTTED by L) pixels

Fig. 13 Computational thinking test for children—Questions part I
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3. Select the correct answer

Which step 1s misstng tn the tnstructions below to take Pac-Man'to the ghost by
the path marked cut?

c«aatHHn

Option A

\ ¢

Option B

*

Option C

Option D

4. Select the correct answer

Which tnstructions take Pcc-Man' to te ghost by the pata marked our?

& &

OptionC

Option B

OptionD

x2

5. Select the correct answer

Which instructions take Pac-Man’to the ghost by the path marked out?

&

Option A

repeat £ times
do  repeat & times

do | move forward
-

move forward

repeat § times
do  repeat £ umes

do move forward
<

turn
=

move forward

OptionC

ropeat ) times
do  repe

do  move forward

turn GELIEEED
=

move forward

Option D

repeat ) times

do | move forward
=

repeat EJ times

do | tumn
=

Fig. 14 Computational thinking test for children—Questions part II
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6. Select the correct answer

Which instructions take Pac-Man’ to the ghost by the path marked out?

L]
8
ol
|
L]
ol
|
H
$3
»

Option C Option D J

7. Select the correct answer

Which instructions take ‘Pac-Man' to the strawberries by the path
marked out and tell ‘Pac-Man’ to eat all the strawberries shown?

while path ahead

] ) | (R | S | L = do | move forward
&

- @ m - repeat [Ej times

Eat 1 strawberry
=

while path ahead while path ahead

do move forward do  move forward
|

K} times
Eat 1 strawberry)|
=

repeat ) times

8. Select the correct answer

out and tell Pac-Man'to eat all the strawberries shown?

while path ahead 1 time
do repeat §EULLLD

What is missing in the instructions below to take Pac-Man' to the strawberries by the path marked Option A J

do move forward
=

Option B

2 times

Option C

S0 9 3 times

Option D

5 times

Fig. 15 Computational thinking test for children—Questions part III
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