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ABSTRACT Teaching programming to children has attracted significant research in recent decades. In our
previous work, we co-designed the learning companion called Alcody with children between 10-12 years
old who had some previous programming knowledge. Alcody is based on Papert’s constructionism theory,
interacting with the students in pseudocode and providing recommendations as emotional support. Students
using Alcody could significantly increase their scores in a programming test as well as seeming to be happy
using the system. However, the relationship between the increase in scores and satisfaction and motivation
levels was not explored. Moreover, since the COVID-19 pandemic, children have seemed too distracted
and stressed to keep focusing on learning programming. This is why this paper introduces, for the first
time in the literature, the use of mindfulness (the quality of being aware of the present moment) to help
children focus before their programming sessions. The hypothesis is that by integrating mindfulness into the
teaching of programming to children with an emotional learning companion, such as Alcody, the learning
of programming concepts and students’ attitudes to learning can be improved. To test the hypothesis,
an experiment was carried out with 137 students between 10-12 years old during the 2020 summer, split
into a control group (without mindfulness) and a test group (with mindfulness). The 69 students in the test
group achieved a significantly higher improvement in their post-test programming scores, and significantly
higher satisfaction and motivation levels than the students in the control group. Moreover, students in the
test group reported that they liked the experience of practicing mindfulness and that they felt it helped them
to focus. It is therefore concluded that integrating mindfulness practices into the teaching of programming
to children can be beneficial to increase their scores, satisfaction, and motivation levels.

INDEX TERMS Mindfulness, emotional learning companion, learning programming, primary education.

I. INTRODUCTION
Teaching programming to children has many benefits, both
for children who want to become Computer Engineers and
for children who want any other profession. This is because
by learning how to program, children are able to understand
the world in which they live [1] and improve their cognitive
skills [2]-[5].

However, teaching programming is not easy [6]. It has
attracted a great deal of research since the 1980s with the
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pioneering work started by Papert’s LOGO language based
on the constructionism theory [7]. According to the Papert’s
constructionism, learning is better if the student can build
some element (“‘the object to think with”). Students need
to program to learn how to program, because learning will
not happen just by listening or reading about programming.
Moreover, the idea is that students should reach their own
solution, as there is not a unique correct solution. For that,
students should be guided to a correct solution [6].

Natural Language Interaction can be used to help students
reach their solution [8]. Talking and writing make us think,
and by thinking children can improve their programming
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knowledge and skills. As Papert said: ‘“We learn better by
doing...but we learn better still if we combine doing with
talking and thinking about what we have done.” *‘Life is not
about “having the right answer’ — it is about getting things to
work.” [9].

Another possibility for teaching programming, and help-
ing students create their programs is to use visual pro-
gramming environments with multimedia languages such as
Scratch [10]. Scratch is also based on Paperts’ construc-
tionism theory [11] and is currently one of the most used
approaches to teach programming to children worldwide.
There are many others [12] such as using robots [13] or
unplugged approaches (without using technology) whose
results are still under study [14].

However, there is still little evidence on how to design suc-
cessful coding experiences for children according to their age,
attitude and needs [11]. In our previous work [15], an emo-
tional learning companion called Alcody co-designed with
children between 10-12 years old was presented to explore
the possibility of applying Papert’s constructionism ideas of
helping children to reach their own solution by programming
in an environment adapted to their age, attitude and needs.

Learning can also be seen as the expression of per-
sonal feelings [16]. There is a relationship between the
feelings of the children and how they can code. There-
fore, emotions should be taken into account when teaching
programming [17].

In the words of Papert, “You can’t learn bread-and-butter
(basic) skills if you come to them with fear and the antic-
ipation of hating them." [7]. A learning companion should
be able to support students’ emotions to provide a pleasant
environment that improves the learning experience.

Research has also been intense in the mindfulness
field [18]. Mindfulness can be defined as a state of ‘“‘non-
judgmental, moment-to-moment awareness’’ [19], and has
been studied across varied disciplines. Previous mind-
fulness research has explored its potential to regulate
stress and improve cognitive, emotional, and interpersonal
functioning [20].

In the current pandemic situation due to COVID-19, stu-
dents could be more distracted and stressed and it could
affect to their ability to learn. Mindfulness could be seen as
a possible support to help learners to focus on the present
moment and to remove distractions.

In this work, a step further is explored; can mindfulness
practice be integrated into the teaching of programming for
children? Would it be beneficial to increase their learning
scores, motivation and satisfaction levels? What do the stu-
dents think about practicing mindfulness?

An experiment with the same 137 children who had used
Alcody during the 2019/2020 academic year to learn pro-
gramming was carried out during the 2020 summer months.
A control-test pre-post test research design was followed.
All the students took a pre-test at the beginning of the sum-
mer. During the months of July and August, they connected
online, one hour per week, to study loops with Alcody.
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Half of them were randomly assigned to the control group
(no mindfulness) and the other half was randomly assigned
to the test group (with ten minutes of mindfulness practice at
the beginning of each session).

The results show not only that mindfulness can be inte-
grated into the teaching of programming to children, but
that students significantly increased their scores and reached
higher satisfaction and motivation levels than children who
did not practice mindfulness.

The paper is organized into seven sections: Section II
presents related work; Section III describes the Alcody envi-
ronment and learning companion; Section IV focuses on
the experiment carried out; Section V presents the results;
Section VI presents the discussion and threats to validity; and,
Section VII ends the paper with the main conclusions and
lines of future work.

Il. RELATED WORK

A. TEACHING PROGRAMMING IN PRIMARY EDUCATION
Teaching programming to Primary Education students is not
new. It was started by Papert in the 1980s with the construc-
tionism approach [7]. The core ideas were that to learn how to
program it was necessary to think with objects. The language
used was LOGO and the object to think with was a turtle.

However, the complexity of finding teachers able to teach
programming to children and the creation of many friendly
computer programs shifted the focus from teaching how to
create programs to teaching how to use programs since the
1990s until recent years.

The digital world in which children live makes some
researchers think that just using computer programs, without
understanding how they work, is not enough [1]. Moreover,
an important milestone was the manifestation of the so-called
“computational thinking” for students, who want or do not
want to become computer engineers, but who will be able
to solve their daily problems using computer resources [21].
Currently, teaching programming in Primary Education is
seen as complex but a necessary and beneficial tool to develop
other cognitive skills as well as logical thinking [22].

Many approaches are being explored to overcome the com-
plexity of teaching programming to children. Pedagogic theo-
ries such as Papert’s constructionism and, in general, learning
by doing [23] can support the didactics of programming in
the school tool. Ausubel’s Meaningful Learning Theory [24]
can also be helpful in considering that new knowledge should
be built upon previous knowledge. Any significant learning
comes from the link between previous concepts and new
concepts. Given that for programming, many concepts must
be learned such as sequencing, variables, input/output, condi-
tionals and loops, the order in which these concepts are taught
is important. Moreover, teachers should check that previous
concepts have been learned before advancing to more difficult
programming concepts.

Pérez-Marin et al. [1] combined the use of metaphors
and the multimedia language Scratch [10] to ease students
into the learning of programming with significant results.
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Scratch is one of the most commonly used graphical drag-
and-drop approaches to create programming like connecting
puzzle pieces based on constructionism and learning by doing
theories.
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FIGURE 1. Sample Scratch snapshot.!

In Scratch, children are encouraged to create their own
games with sounds, graphics and effects. See Figure 1 for a
sample snapshot. Scratch is free to download or use online.
As can be seen, on the left there are several instructions as
puzzle pieces that children can drag and drop into the center
to create their programs with objects such as the cat and see
the results of the execution of the instructions. For instance,
to move the cat several steps or make the cat say ‘“Hello.”

In Scratch there are instruction blocks for motion, looks
(input/output instructions are grouped here), sound, events,
control (conditionals, loops instructions are grouped here),
sensing, operators, variables and the possibility of creating
new instruction blocks.

Each category is associated with a color to make it easy for
the child to find it on the left. There are parameters in some
of them that can be typed into the indicated gap.

Scratch is highlighted as one of the most commonly used
pieces of software. However, there are many other approaches
such as using robots [13] and even unplugged approaches
without devices [14]. Given that the focus of this paper is
on the software approach, another four apps are reviewed
because of their relevance on Google’s Play Store or Apple’s
App Store: Kodable, Cargobot, LightbotJr and Easy Logic.

Kodable is also free software to teach programming to
children from 5 years old (see Figure 2). As with Scratch, it is
based on a drag-and-drop approach. It has several difficulty
levels and contents to practice sequences, loops, variables,
conditionals, algorithms, problem solving, as well as games
to develop logical thinking.

Cargobot is an iPad app to teach programming like a game
(see Figure 3). It uses the Codea language to give instructions
to a robot so that it makes certains actions and passes several
levels. It is also based on using puzzles. The main features of
Cargobot are its beautiful graphics and puzzles to be solved
by children.

1 https://scratch.mit.edu/projects/editor/?tutorial=getStarted
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LightbotJr is an app to teach programming by asking chil-
dren to tell the robot how to turn on the light in a room (see
Figure 4). Using LightbotJr children learn about sequences,
procedures, conditionals and loops.

EasyLogic [25] is software to teach programming with
an affective tutoring system based on block techniques (see
Figure 5). EasyLogic uses Google’s Blockly interface’ and
responds to the emotional state of the students. The emo-
tions that are taken into account by EasyLogic are boredom,
engagement and frustration. The system evaluates when the
student requires assistance, and helps them create their own
algorithms and execute them using Javascript. EasyLogic
is the software most relative to the proposal in this paper

2https://Www.kodable.coml
3 https://twolivesleft.com/CargoBot/
4http:/Nlightbot.com/
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FIGURE 5. Sample EasyLogic snapshot (source: [25]).

as it relates teaching programming with affective states.
Moreover, EasyLogic also offers tutorials, contextual help
and courses on sequences, conditionals and loops. The pre-
liminary results of an experiment with 10 students were
satisfactory.

B. LEARNING COMPANIONS

A learning companion can be defined as an interactive system
that possesses a certain level of intelligence and autonomy,
as well as social skills, to maintain a long-term relationship
with students [26]. The companion can communicate with
students using voice, text, graphics, animations and any other
multimedia element.

Learning companions can be classified according to sev-
eral criteria such as their appearance, role, goal and context.
They can appear as human beings, animals, robots, or even
teachers. Depending on the role and goal, the companion
could be just an emotional support for the student without
providing knowledge or requesting knowledge; or, it is also
possible for the companion to learn from the student follow-
ing the “learning by teaching” approach [27].

Some examples are without computer devices and inte-
grated into software. A sample without a computer device
with an animal form could be Cognitoys such as Dino (see
Figure 6) that uses IBM’s Watson technology to answer
children’s questions. An example with a robot form could be
the Wisconsin HCI learning companion robot for reading (see
Figure 7). It was developed for children between 11-12 years
old to accompany them while reading so that they are not
alone when reading to promote an interest in reading [28].
In recent years, Augmented Reality has been incorporated so
that children read with the robot as digital information can
enrich what children read in the physical book.

Previous research has showed evidence that children using
learning companions are more focused on their tasks than
children using educational computer programs without learn-
ing companions [29]. Private tutoring with a learning com-
panion has proved to be more efficient than only learning in
classroom with more students as they had different learning

5 https://developers.google.com/blockly
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FIGURE 6. Sample learning companion in an animal form.%

FIGURE 7. Wisconsin HCI robot for reading.”

rhythms and the teacher could not adapt the interaction to the
needs of each individual student [30].

In recent decades, Affective Tutoring Systems have also
been created to detect the emotional state of students with or
without a learning companion. Emotions have an impact on
cognitive processes [31]. Empathy has also been researched
for learning companions to motivate students to study with
good results [32].

C. MINDFULNESS

Mindfulness can be defined as a state of ‘“‘nonjudgmental,
moment-to-moment awareness’ [19]. It has its roots in the
Buddhist philosophy and practices of letting go of the random
ideas that distract people. The goal is to focus and have total
attention on the present task with multiple benefits such as
greater concentration and mental clarity, a reduction in dis-
tractions and rambling, a reduction in impulsivity, more effec-
tive management of stress and emotions, greater creativity

6https://computerhoy.com/noticias/life/green—dino—cognitoys—juguete—

inteligencia-artificial-24511

7https://hci.cs.Wisc.edu/project/a-learning-companion-robot-for—reading/
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and empathy with others, and a greater enjoyment of the
present moment [33], [34].

In recent decades, the practice of mindfulness has no longer
been restricted to Buddhist temples as there has an emergence
of the concept in broader social contexts or organizations
such as schools, where it can benefit wellbeing for learn-
ing [35], [36]. In particular, many schools in Spain (private
and public) have already incorporated mindfulness practices
to help students focus and relax from the age of four [37].

O’Donnell [38] suggested that the widespread interest in
mindfulness could be found in the common states of distrac-
tion, anxiety and lack of connection found in current society.
In general, mindfulness offers a way to overcome the chaos
and stress; and, in particular, for learners it has been used with
satisfactory results.

An experiment with 83 students between 11-13 years old
followed a mindfulness program by listening to audio record-
ings for 10 consecutive weeks (1 hour per week) to reduce
aggressiveness in the classroom. The results found that mind-
fulness could be used as a tool to reduce aggressiveness in
the classroom [39]. Mindfulness with audio recordings and
10-minute breathing exercises has also been proved useful
to improve mental health through adaptive responses during
emotional processing for children [40]. There is also solid
evidence of a beneficial relationship between mindfulness
and creativity [41].

For teachers, the use of mindfulness and contemplative
approaches has also proved beneficial [42]. No previous stud-
ies on using mindfulness to teach programming to children
have been found in the literature. However, a trend has been
detected to mindfully code among programmers in pursuit of
reduced stress levels and to be calm and able to focus on their
tasks [43]. This is particularly relevant due to the COVID-19
pandemic that has increased the anxiety and stress levels of
people all over the world.

lll. ALCODY

In this section, Alcody is described as with our previous
research [15]. A demonstration of Alcody can be used online
at alcody.site with the username ““diana" and the password
“123.” Section III.A provides the theoretical and practical
reasons to use Alcody to test the benefits of mindfulness
practice, Section III.B provides the theoretical famework,
Section III.C describes the dialog management, Section III.D
describes the emotional accompaniment, and Section III.E
provides some previous results.

A. RATIONALE

Learning companions have proved to be efficient in
teaching children adapting to their own rhythms as well
as providing emotional support to motivate them to keep
learning [29]-[32]. Learning companions can empathize with
children as they have anthropomorphic features with a head,
body and limbs. It is particularly relevant that the companion
has a face to show emotions and to accompany the students,
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and a calm state to help students to study on-line at home in
the current COVID-19 pandemic [15].

Moreover, Alcody seeks to help children to program
through its pressence and messages by following a sympa-
thetic strategy to guide users to a positive state with dialogue
turns. It is necessary in the case of children with some Scratch
previous knowledge, who want to keep learning how to pro-
gram in their transition to more textual programing.

Up to our knowledge, no other emotional learning com-
panion has been found to teach programming to children in
their transition from block-based language programming to
textual programming, which is why Alcody was chosen.

To sum up, efficiency (good results of using learning com-
panions to teach before and during COVID-19), adaptability
(different dialogue for each child), age (10-12 years old), pre-
vious knowledge (in the transition from block-based language
programming to textual programming) and flexibility (being
able to modify the source code of Alcody as we have created
it) are the main reasons to use Alcody in this paper. All in all,
other teaching digital tools could be combined with the mind-
fulness practice for younger students without previous pro-
gramming knowledge (e.g. Scratch]Jr or Scratch), or for older
students that could regard Alcody as childish (e.g. robots or
more professional programming environments).

B. THEORETICAL FRAMEWORK

Under the constructivism umbrella [44], [45], the individual
cognitive aspect of constructivism of Piaget’s theory [46] can
be higlighted because, to Piaget, knowledge can be seen as
an experience that each child acquires through interaction
with the world [47]. This is why, when teaching children in
Alcody, it is important to consider their previous knowledge
and their individual preferences and features and not just
provide data but support the child to experience learning
in a motivating and pleasant environment with the learning
companion as shown in Figures 8 and 9.

-—[__'. . e
- % ‘Wher we iy outdoors we it e carehul 3
ot to Uter

| @ ¢

e

[ Activities ] ! Reclpies } [ Medals ‘

FIGURE 8. Sample Alcody interface.

According to Ekman, emotions can be defined as “a pro-
cess, a particular kind of automatic appraisal influenced by
our evolutionary and personal past, in which we sense that
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* Focus on each child’s learning style and
preferences to construct a unique solution
* Motivating and pleasant environment

» Adapted environment to facilitate each
student reaching a solution
* Test the solution until it works

EMOTION * Natural language interaction to collaborate
VLGRS o Emotions influence thinking

FIGURE 9. Connection between Alcody and constructionism (source:[15]).

something important to our welfare is occurring, and a set
of psychological changes and emotional behaviors begins to
deal with the situation.” Emotions are taken into account,
in Alcody, according to the Ekman’s emotion theory [48]
based on facial expressions (see Figure 10).

A4

FIGURE 10. Basic Ekman’s emotions in faces and avatars.8

There are other psychological theories about emotions but
Ekman’s theory is chosen as basis for Alcody because it
is focused on “‘basic emotions” that must be accompanied
by facial expressions and specific physiological responses.
Surprise, sadness, fear, disgust, anger and joy have been
integrated as basic emotions into Alcody with their animation
and recommendations associated because they are a limited
number of emotions, they have adaptative value, and, they can
be combined to create complex emotions [48].

Moreover, according to Ekman’s basic emotions involve
an automatic assessment, are originated by universal triggers,
are present in other primates, have a quick start, have a short
duration, and, are associated with particular thoughts and
experiences.

For Ekman, basic emotions have a universal communicator
value. All members of our species interpret the expression
similarly, regardless of context and sociocultural variables.
Emotions inform our peers about the affective states that we

8https://WWW.scoop.it/topic/paul-ekmam-by-Wolfgang-axel

VOLUME 9, 2021

feel, the antecedents that have triggered the emotion and the
potential actions that can unleash.

Learning can also be seen as the expression of personal
feelings [16]. There is a relationship between children feel
and their ability to code. Highly motivated children can
handle the cognitive load better and construct their artifacts
better. Alcody was designed to support and manage students’
basic emotions to provide a pleasant and motivating environ-
ment that leads the learning experience to success.

"~ CONSTRUCTIVISM

COGNITIVE
Piaget

CONSTRUCTIONISM
Papert

SOCIAL
CONSTRUCTIONISM

Shaw, Parmaxi et al.

ol 55 W

FIGURE 11. Theoretical framework of Alcody [15].

For instance, if students are sad because of the
COVID-19 situation, Alcody can show them a sad face and
provide them with a recommendation to feel better to reach an
optimal state to keep learning how to program when they are
no longer sad Papert et al. [7] extended the Piaget’s cognitive
constructivism by taking the context and media into account
(see Figure 11). Context is important for Alcody, as when
children are in their lessons (face-to-face or online) they
can talk to each other about the programs they are creating,
collaborate, show the teacher their progress and ask questions
if they have doubts.

The idea is not to isolate children when using Alcody but to
integrate its use into the classroom by mixing the benefits of
social interaction with the computer to learn how to program
as the mediating tool (even more necessary when face-to-face
lessons are not possible and all interaction is through the
computer).

In Papert’s own words, constructionism can be defined as
“Constructionism—the N word as opposed to the V word—
shares constructivism’s connotation of learning as ‘building
knowledge structures’ irrespective of the circumstances of
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learning. It then adds the idea that this happens especially
felicitously in a context where the learner is consciously
engaged in constructing a public entity, whether it’s a sand
castle on the beach or a theory of the universe.” [49].

Papert’s constructionism is more pragmatic than Piaget’s
cognitive constructivism [16]. It is considered that students
will learn to program by programming using computers and
reaching their own solution. This is why personalization and
adaptation options are so relevant in Alcody and students are
allowed to test their programs until they work.

Social constructionism is an evolution of constructionism
with an emphasis on the social setting whilst engaging the
student in the artifact construction [50], [51]. By creating
social meaningful artifacts such as games, children seem able
to learn how to program as described in Section II.

Social constructionism is also valuable to enhance the
social setting [52]. Children can become the producers of
their programs in their cultural historical social context by
interacting with other children and taking their emotions into
account [17].

C. DIALOG MANAGEMENT

Alcody has been co-designed with children between 10 and
12 years old [53] following the MEDIE methodology [54].
According to the co-design, Alcody has a robot form with
pastel colors. Alcody is usually calm as shown in Figure 10,
ready to talk in the chat with children to teach them pro-
gramming by asking them to create some program involv-
ing input/output, conditionals or loops. The interface and
dialog with Alcody is currently only available in Spanish.
Figures 12 and 13 have been translated for the benefit of
non-Spanish readers.

2. How do you think a program should be made to add 2
numbers together?

1d valuel, value?
write "The sum is”, valuel + value2
nd

D Aichat

FIGURE 12. Sample Alcody p-code program (source: [15]).

As can be seen in Figure 12, Alcody is asking students to
write a program to add two numbers together. Students must
type the program using Alcody’s p-code (see Table 1) and
click “Run.”
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L
= 2. How do you think a program should be made to add 2
numbers together?

aluel, value?
"The sum is?, value | + value?

FIGURE 13. Sample help provided by Alcody’s debugging possibilities
(source: [15]).

TABLE 1. Alcody p-code (source: [15]).

Instruction Explanation
begin Marks the beginning of a program
end Marks the end of a program

write "t" | var Show something on screen (text between " "

the data from the name of the variables)

read var Read a value from the keyboard and save it in
variable var

if cond then X Marks the beginning of a condition with two

else Y branches (X, Y) depending on cond

Alcody compiles the program. It is not interpreted line
by line so students have to think about the whole program
and they get the result of the compilation. If the result is as
expected, Alcody congratulates them and asks for another
program that covers the programming curriculum concepts
given by their teachers. If the result is not as expected,
as shown in Figure 13, Alcody’s debugger can help students
by making them aware of their mistakes with informative
feedback so that students can think and retype the program
until they reach the correct solution [55].

Alcody has six tutorials about the programming concepts
to teach students to understand them and how to program
using Alcody’s pseudocode. Tutorials are available during all
sessions with Alcody so that students can use them as many
times and as often as they need.

D. EMOTIONAL ACCOMPANIMENT

Alcody has been provided with management for six emotions
(see Figure 14): surprise, sadness, fear, disgust, anger, and
happiness. Whenever children instead of writing a program
in the Alcody chat use an expression related to emotions such
as “I want to play” or “I am afraid,” Alcody provides some
recommendations to address their emotional state with the
idea of reaching an optimal state to be able to think about
the program required.
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FIGURE 14. Emotions in Alcody.

At the beginning of each Alcody session, the companion
asks the children how they are. They can then choose to start
programming, play with the recipes and games if they are
allowed, or receive some recommendation from Alcody if
they say that they do not feel good.

Recommendations in Alcody have two images: the first
one is related to the emotion detected in the children and,
the second provides a message to help children overcome or
cope with the situation. Alcody connects with the emotion of
the children as shown in Figure 14 (with its face and body
expression) to show empathy and later it goes back to its
normal state. Children are again asked about their emotions
at the end of the sessions with Alcody.

For instance, if it seems that a child is only thinking that
they would like to be outdoors writing sentences like “I would
like to be outdoors” or “I am bored,” Alcody would detect
it and the recommendation shown in Figure 15 would appear
on screen.

Having fun outdoors is very important
and even more so if we do it
accompanied by our friends..

FIGURE 15. Sample recommendation provided by Alcody.

The happiness emotion is detected whenever children
use expressions such as “I want to have fun,” “I like
school,” “I am happy” or “I like to play.” The disgust
emotion is detected whenever children use words such as dis-
gust, dislike, unpleasant, ugly classroom, ugly house, untidy,
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“I have complicated homework,” difficult homework, hor-
rible homework, ‘it bothers me,” “it makes me angry,”
“doesn’t love me” or “doesn’t care.” The anger emotion
is detected whenever children use words such as “I push
myself,” “I hit,” “I bounce,” I throw it,” “I hit it,” “I get
mad,” mad, or “I am upset.” The fear emotion is detected
when children use words such as “I’m sick,” “I’m afraid of
the doctor,” “I don’t want to go to the doctor,” nightmares, “I
has a nightmare,” “I couldn’t sleep,” “I am scared at night,”
or monster. The surprise emotion is detected whenever chil-
dren use words such as “how untidy,” “this puzzles me,”
or “I do not understand.” The sadness emotion is detected
whenever children use words such as “I have nothing,”
“I want to cry,” “I feel very bad,” “I am poor,” “I am
exhausted,” “I am tired,” “I am not making any progress”
or “I’ve got a bad grade.”

In the new version of Alcody, children can also have access
to a S-minutes mindfulness audio recording before they start
using the program. The goal of the audio recording is to help
them relax and focus on the programming task during the
session. The audio recording starts with the sound of a bell
and continues with breathing exercises until the sound of a
bell marks the end of the session.

E. PREVIOUS RESULTS

In [15], it was reported how Alcody was used by 137 students
aged between 10 and 12 with previous programming knowl-
edge in Scratch in their transition to learning textual pro-
gramming for ten months. Students were able to significantly
increase their learning scores in a pre-post test on writing
programs covering the input/output concept from 0.88 in the
pre-test up to an average score of 8.01 in the post-test, and
the conditions concept from 0.98 in the pre-test up to 6.97 in
the post-test using a 0 (minimum) up to 10 (maximum) scale.

Regarding satisfaction, 95% of the students indicated that
they were satisfied. However, given that the satisfaction ques-
tionnaire was anonymous, it was not possible to relate the
increase of learning scores with satisfaction levels.

It was not possible to study how to support students that
may be suffering from the COVID-19 situation and, although
they reported being happy using Alcody, it was observed that
they had problems focusing when the lesson was not face-
to-face and they were at home.

IV. METHOD

The study is a pre-post control-test group design. Follow-
ing an adaptation of the guidelines to report experiments in
Software Engineering written by [56], [57], this section is
structured as follows: A. Goal, B. Participants and Context,
C. Experimental Material, D. Tasks, E. Variables, F. Hypothe-
ses, G. Experimental Instruments, H. Procedure, I. Analysis
Procedure, and J. Validity and Reliability.

A. GOAL
The main goal of the study was to find out whether integrating
a mindfulness approach to teach programming to children

6649



IEEE Access

E. K. Morales-Urrutia et al.: Can Mindfulness Help Primary Education Students to Learn How to Program?

could be beneficial in increasing their learning, satisfaction
and motivation levels. Three quantitative research question
were formulated as follows:

RQ1. How can the practice of mindfulness in teaching pro-
gramming to children with an emotional learning companion
affect their learning gains?

RQ2. How is the practice of mindfulness related to the
satisfaction perceived by the students when learning how to
program with an emotional learning companion?

RQ3. How is the practice of mindfulness related to the
motivation perceived by the students when learning how to
program with an emotional learning companion?

Moreover, a fourth, more qualitative research question was
formulated to take students’ opinions into account.

RQ4. What do students think about the practice of mind-
fulness to focus on their programming lessons?

B. PARTICIPANTS AND CONTEXT

The experience was conducted during the 2020 summer with
137 students (aged between 10 and 12). Almost half the
students were girls. All had already used Alcody during the
2019/2020 academic year to learn about sequencing, memory,
input/output, and conditionals with a significant increase in
their learning scores and a positive attitude to the system [15].

Due to the lockdown, all students continued to connect
online from home using their computer. All children had
a computer, the digital skills to use it, and an Internet
connection.

As in the previous experiment, neither the children nor
the teacher was paid for using Alcody nor given educational
credits or higher scores as a reward. They were committed to
their classes as using Alcody was integrated into their lesson
activities.

Again, no permission was granted by the school to record
the sessions. The consent was to allow children to use Alcody.
Confidentiality was assured, as children did not give their
name to Alcody at any time. However, assigning an indepen-
dent variable to any personal information was permitted to
code each student to find the relationships between the scores,
satisfaction and motivation values.

Given that it was a Catholic school, children were used
to starting their lessons with a prayer and giving thanks to
God, and the school allowed us to play the mindfulness audio
recording at the beginning of the lessons too. No children
knew of mindfulness or had practiced mindfulness before the
experiment.

Randomly assigning each student to either a control group
(without mindfulness) or a test group (with mindfulness) was
also permitted.

C. EXPERIMENTAL MATERIAL

All educational material was provided in the Alcody educa-
tional environment for both the tutorials and programming
exercises. Alcody’s curriculum was focused on the loops
concept. The goal was to teach the meaning of loops in

6650

programming, and to develop students’ skills in writing pro-
grams using the loops instructions in p-code.

The mindfulness audio was recorded and provided by an
expert instructor with the breathing exercises and the sound
of the bell at the beginning and end.

Other materials could have been used to test the influ-
ence of mindfulness in teaching programming such as the
programs reviewed in Section II with a different sample, for
instance, children between 6-8 years old without previous
programming knowledge. However, given the sample, for
children who already knew Scratch and were in the tran-
sition from block-based programming languages to textual
programming, no better alternative to the learning companion
to teach programming to children integrating mindfulness
was found in the literature.

D. TASKS

There was a one-hour lesson with Alcody per week. Students
were allowed to read or listen to the loops tutorial if they
had any doubts during the lesson. The first ten minutes were
devoted to praying and thanking God and mindfulness prac-
tice for students in the test group, and praying and thanking
God in the control group (no mindfulness). See Figure 16 for
a sample mindfulness session with the test group.

FIGURE 16. Sample online mindfulness practice before using Alcody in
the test group.

B aichat

FIGURE 17. Sample lesson with Alcody.

The following fifty minutes were for all students to solve
the exercises asked by the companion in the chat. Figure 17
shows a sample image of an online session with Alcody.

VOLUME 9, 2021



E. K. Morales-Urrutia et al.: Can Mindfulness Help Primary Education Students to Learn How to Program?

IEEE Access

The photo was taken during a real session, which is why the
interface is in Spanish as it is the original Alcody interface.

Table 2 shows the timing with the teaching activities asked
of the children.

TABLE 2. Timing of the teaching with alcody.

Period
June 2020

Concepts covered with Alcody

Tutorials to remember Alcody’s p-code and
previous concepts. Post-test of previous
concepts and pre-test for loops

Loops concept

June-August
2020

End of August
2020

Post-test for loops

The Zoom videoconference software was used one hour
per week following the school timetable for the lessons.
Students in the control group were in their virtual room only
with the teacher without mixing with the students in the test
group. Similarly, students in the test group connected with the
teacher in a different room at a different time without mixing
with the control group. The test group connected on Tuesdays
at 11:20am and on Wednesdays at 9:45am. The control group
connected on Fridays at 9:45am and Thursdays at 11:20am.
Children could only connect to the Zoom room at those times
and with their teacher and members of their group. They were
not allowed to access any other room at a different time in
Zoom and no face-to-face lessons were possible due to the
COVID-19 pandemic.

The same teacher taught the control and test group during
all the lessons. The teacher always checked that students con-
nected in their group. Belonging to the control or test group
was permanent throughout the experiment and all students
connected through the sessions.

The only difference in the students’ tasks between the
control and test groups was the use of mindfulness. They had
to complete the same activities to cover the loops concept.

E. VARIABLES
The dependent variables of the pre-post test single group
experiment were related, firstly, to learning programming
concepts, measured by scores obtained for the students in
tests at the beginning and end of the experiment. These scores
(Pretest, Posttest) were gathered with the tests described in
Section V.G. Secondly, two dependent variables were related
to the students’ levels of satisfaction and motivation. They
were ordinal variables scaled from 1 to 10. They were mea-
sured using an opinion questionnaire filled in by all students
at the end of the experiment.

One factor, Group, is considered to be an independent
variable, related to the use or not of mindfulness. Table 3
contains the list of dependent and independent variables.

F. HYPOTHESES

In this section, a main hypothesis under study is presented
and the working statistical hypotheses used to answer it is
described.
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TABLE 3. Summary of variables, type (DV- dependent variable,
IV - independent variable), name and description.

Aspect Type  Variable Name
Learning of DV Pretest scores Pretest
programming DV Posttest scores Posttest
concepts
Psychological DV Level of Motivation Motivation
factors

DV Level of Satisfaction  Satisfaction

v Use of mindfulness Group

H: Integrating mindfulness into the teaching of pro-
gramming to children with an emotional learning compan-
ion increases the learning of programming concepts and
improves students’ attitude to learning.

H encompasses three sub-hypotheses:

H,: If children practice mindfulness before their program-
ming learning sessions, they will achieve higher learning
gains than children who do not practice mindfulness before
their programming learning sessions.

In this case, two different aspects are involved in this
hypothesis:

1) EFFECTS BETWEEN SUBIJECTS

The objective is to know whether there is any significant
difference between the pretests for the control and test groups.
The same applies for the posttest (whether there is any differ-
ence between the posttests for the control and test groups).
The null hypothesis for the pretests is therefore:

Hogpre: there were no significant differences in pretest
scores between students who practiced and did not practice
mindfulness.

In simple terms, the null hypothesis is that the two groups
come from the same population.

Likewise, for the posttest, it is:

Hogpos:: there were no significant differences in posttest
scores between students who practiced and did not practice
mindfulness.

2) EFFECTS WITHIN SUBJECTS
The objective now is to know if there is any significant differ-
ence between pretest and posttest scores in the control group,
i.e., students who did not practice mindfulness and, also,
if there was any significant difference between pretest and
posttest scores in the test group, i.e., students who practiced
mindfulness.

The null hypothesis for the test group is therefore:

Hoazesr: there were no significant differences in pretest and
posttest scores for students who practiced mindfulness.

Similarly, the null hypothesis for the control group is:

Hoacontror: there were no significant differences in pretest
and posttest scores for students who did not practice
mindfulness.

Hb: If children practice mindfulness before their program-
ming learning sessions, they will achieve higher satisfaction
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levels than children who do not practice mindfulness before
their programming learning sessions.

As the variable Satisfaction was recorded after the exper-
iment, it asks whether satisfaction levels were higher in the
test group than in the control group. The null hypothesis is
therefore:

Hopsqr: there were no significant differences in satisfaction
levels between students who practiced and did not practice
mindfulness.

Hc: If children practice mindfulness before their program-
ming learning sessions they achieve higher motivation levels
than children who do not practice mindfulness before their
programming learning sessions.

It is similar to the previous hypothesis. As the variable
Motivation was also recorded after the experiment, it asks
whether motivation levels were higher in the test group than
in the control group. The null and alternative hypotheses are
therefore:

Hocmor: there were no significant differences in motivation
levels between students who practiced and did not practice
mindfulness.

G. EXPERIMENTAL INSTRUMENTS
Three instruments were used in the experiment: a program-
ming test, an opinion questionnaire for the control group and
an opinion questionnaire for the test group. The programming
test asked the following question focused on evaluating the
students’ loops programming skills:

Q1. Write a program to count from 1 to 5. (loops concept)

The question was evaluated from 0 (minimum score) to 2
(maximum score), awarding 0.5 points for each of the follow-
ing four aspects to consider whether the loops program was
correct:

1) The use of a counter variable.

2) The creation of a stop condition.

3) To correctly increment the counter variable.

4) The correct use of the syntax.

iniciar
i=1 5
escribir i

finalizar

FIGURE 18. Rubric to evaluate Alcody’s p-code for the loops test.

Figure 18 shows sample correct Alcody p-code to count
from 1 to 5 using i as the counter variable, the stop condi-
tion (“‘hasta 57’), incrementing the counter variable with the
instruction (*‘siguiente i”’) and the correct use of syntax.

The questionnaire for the control group consisted of two
questions to gather information on how students perceived
the experience of using Alcody without mindfulness. The
questionnaire for the test group also had those two questions
plus two additional questions on their opinion regarding the
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TABLE 4. Final opinion questionnaire.

Question Possible Psychological
answer factor

1. (all) On a scale from 0 Number Satisfaction

(minimum) to 10 (0-10)

(maximum), what is your

satisfaction level?

2. (all) On a scale from 0 Number Motivation

(minimum) to 10 (maximum),  (0-10)

what is your motivation level?

3 (test) Do you like to practice Likert scale Opinion

mindfulness? (1-5)

4. (test) Do you think that Yes/No Opinion

mindfulness is useful in helping
you focus?

practice of mindfulness. Table 4 gathers the questions, their
possible answers, and their related psychological factors

Questions 1 and 2 were the same for all the students as they
asked about the satisfaction and motivation levels reached on
a scale from O (minimum) to 10 (maximum) after having used
Alcody to learn loops.

Students in the test group (with mindfulness) were also
asked questions 3 and 4 about whether they felt that mind-
fulness had helped them focus more on their programming
and their opinion regarding the use of mindfulness to learn
programing with a learning companion.

All students
[

Control group Test group

Mindfulness

No mindfulness
[

|
All students

Final questionnaire:
questions 1,2,3,4

Augqust 2020
Test group

Final questionnaire,
questions 1,2

August 2020

Control group

FIGURE 19. Diagram of the experiment procedure.

H. PROCEDURE

A pre-post test procedure was followed for two months (see
Figure 19). The progress of the students’ loops programming
skills was measured by asking all students to complete a
pre-test at the end of June 2020 and a post-test at the end of
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August 2020. The pre- and post-test were the same program-
ming test described in Section IV.G

At the end of August 2020, all students were also asked
to fill in a final opinion questionnaire as described in
Section IV.G. Students in the control group were asked by
their teacher whether they knew what mindfulness was and if
they had practiced it at some point during the summer to help
them in their learning.

I. ANALYSIS PROCEDURE
To answer RQ1 and test Ha, two different procedures were
involved depending on the type of effect.

First, the effect between subjects was studied. A possi-
ble model that would include this study is an ANCOVA
model, where the pretest variable would act as a covariate,
the postttest variable as a dependent variable, and the group
variable as a factor. Unfortunately, although there is normality
in the data, there is no equality of variances between the two
populations.

Thus, after checking the independence between the sam-
ples for the control group and the test group (for both the
pretest and posttest variables), an independent samples t-test
was chosen to compare the control and test groups in pretest
and posttest.

Specifically, the pretest null and alternative hypotheses are
as follows:

HOapre:Mc = Mt
Hiapre:te 7 It

where 1. is the mean of the pretest in the control group and
1 is the mean of the pretest in the test group.
A similar test was used for the posttest:

Hlapost:ﬂc # Wt

Note that if there was no significant difference between the
control group and the test group in the pretest, it could be
said that both groups were homogeneous at the beginning
of the experiment, i.e., both the control group and the test
group start under the same conditions. Thus, looking directly
at the posttest score of both groups would be an indication of
improvement in the score.

For the second part of the study developed in Ha, after
checking the correlation between the two groups (pretest and
posttest for the test score variable), the paired t-test was used.

Therefore, the null and alternative hypotheses for the test
group are:

HOapost:Mc = Wt ]

HOatest:l/Lpre = Mpost i|
Hlatest:ﬂpre = Mpost
where ppr and ppes are pretest and posttest means
respectively.
Likewise, the null and alternative hypotheses for the con-
trol group are:

Hoacontrol ‘MUpre = MHpost
Hiacontrol Mpre = MUpost
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To answer RQ2 and test Hb, a nonparametric test was used
due to the lack of normality and homoscedasticity in the sam-
ples. After checking for independence, the Mann-Whitney U
test was used.

The null and alternative hypotheses are:

HobsacP (x; > yi) = l]
Hipsat:P (xi > yi) # 2

where x; is an observation of the Satisfaction variable in the
test group and y; is an observation of the Satisfaction variable
in the control group.

To answer RQ3 and test Hc, a similar study to the pre-
vious hypothesis was developed. The null and alternative
hypotheses are:

Hocmot:p (xi > yi) = ! ]
Hicmotp (Xi > yi) # 5

where x; is an observation of the Motivation variable in the
test group and y; is an observation of the Motivation variable
in the control group.

To answer the qualitative RQ4 question, the free-text
responses given by the students to the third question of
the final opinion questionnaire were classified using the
COUNTITF function in Excel.

J. VALIDITY AND RELIABILITY

This section summarizes the validity and reliability of the
study. Statistical calculations were performed with the pro-
gram IBM SPSS Statistics, Version 25.

First, the validity of the questionnaire was quantified
using Aiken V [58] that can be used to summarize item
content-relevance ratings obtained from a panel of expert
judges. In this case, ten experts were asked about clarity,
appropriateness and relevance for different items of the test,
scoring from O to 4, with O being the lowest value. All
items obtained an Aiken V value greater than 0.8, which is
considered acceptable, see [59].

Inter-rater reliability for the three raters who used the
rubric to code the scores was evaluated using Fleiss’
kappa [60], attaining a value of 0.78 and considered substan-
tial agreement.

The overall internal consistency of the questionnaire was
evaluated using Cronbach’s alpha, attaining 0.973 [61].

Finally, it is also necessary to validate the consistency of
the hypotheses by answering these two questions:

1) Are the hypotheses described in Section IV.F adequate
and sufficient to answer the research questions of the paper?

2) With the experiment described would it be possible to
test the hypotheses described in Section IV.F?

Regarding question 1: to test Ha answers RQ1, to test Hb
answers RQ3, and to test Hc answers RQ3. This can be said
because there is previous literature as [62] who proved in her
mindfulness training for children *‘Pay attention works!”” that
just half an hour per week (10 minutes each day) during eight
weeks can improve students’ skills to focus before school
activities. Only RQ4 would not have an associate hypothesis
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given its qualitative nature. Therefore, it can be said that the
hypotheses are adequate as they serve to answer the RQs of
the paper, and that they are sufficient as they cover all RQs of
the paper.

Regarding question 2: it is possible to test the hypotheses as
it is possible to collect data from the students in pre-post test
learning scores and questionnaires with information about
their satisfaction and motivation levels. Moreover, an inde-
pendent samples t-test can be chosen to compare the control
and test learning scores in the pretest and posttest to test
Ha, and a Mann-Whitney nonparametric test can be used to
test Hb and Hc given the nature of the data as explained in
Section IV.I. With the results gathered, the hypotheses can be
tested and conclusions reached.

V. RESULTS

A. LEARNING GAINS

Related to RQI1, effects between subjects were studied.
Firstly, a descriptive analysis of the data was performed to
explore any possible improvement in the post-test score com-
pared to the pre-test, in both the control group and the test

group.

121 105 [ Pretest
o83 M Posttest
082
3

127

79

i

1170,
8 78

a2
8.
L =
0
Control Test

group

FIGURE 20. Pre- and post-test box plots for all concepts.

Figure 20 shows the grouped box plots for the different
variables studied, both pretest and posttest, for the control
group and the test group. They show the homogeneity in the
pretests for both groups, with mean and median at 0.24 and
0.00 respectively in the control group, and 0.30 and 0.25 in
the test group. The standard deviation is very similar at 0.37 in
the control group and 0.34 in the test group. All of them have
different atypical data marked with circles. In addition, both
groups show a gain in the posttest score, with a greater dis-
persion compared to the pretest score in both cases (2.09 and
2.30 for the control and test groups respectively). In the test
group, higher values are generally presented, with the mean
at 6.99 and the median at 6.29, with the control group being
5.36 and 5.00. Numerous outliers are shown in the posttest
of the control group, both below the upper and lower range.
In the case of the test group, however, there are no outliers.
The values in Table 5 complement the previous comments.
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TABLE 5. Descriptive analysis of the sample.

Control Test
Pre Post Pre Post
N 69 69 68 68
X 0.24 5.36 0.30 6.99
MED 0.00 5.00 0.25 6.29
SD 0.37 2.09 0.34 2.30

These insights taken from the descriptive analysis will be
analyzed in detail using the statistical tests shown below.

After checking normality in the samples, it was verified
that there was no significant correlation between them in the
control and test groups for Pretest and Posttest. The indepen-
dent samples t-test was used and the results obtained shown
in Table 6.

TABLE 6. Results of the Independent Samples t-test between the control
and test groups in Pretest and Posttest.

t df Sig. d
PRETEST 1.09 135 0.278 -
(CONTROL-
TEST)
POSTTEST 4.33 133.44 0.000 0.75
(CONTROL-
TEST)

As evidenced in Table 6, there is no significant difference
(p = 0.278) between the scores of the control group and
the test group. It can therefore be said that the experiment
started from a pretest with homogeneous populations in both
groups (control and test). Thus, comparing the posttest scores
is representative of student learning, since both groups started
from the same point.

Regarding the posttest, there is a significant difference
(p = 0.000) between the scores of the control and test groups.
The effect size of the t-test is calculated using Cohen’s d [63].
The effect size, 0.75, corresponds to a large effect, with a
percent change of 30% (large increase).

TABLE 7. Results of the Paired t-test between pre-test and post-test in
the control and test groups.

t df p- d
value
CoNTROL (PRE-POST) ~ 20.08 68 0.000 3.44
TEeST (PRE-POST) 23.93 67 0.000 4.1

For the second analysis, effects within subjects related to
RQ?2, a paired t-test was carried out to compare the scores
for pre and posttest in the control and test groups. Table 7
reflects the significant increase in the score between the
pre and posttest for both the control and test groups, with
p < 0.01. This increase was quantified using d. There is a
huge effect (d = 3.44) in the control group. In test group there
is also a huge effect, with a value higher than the control group
d=4.1
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1) SATISFACTION
Related to RQ3, the possible relationship between the use of
mindfulness and the degree of satisfaction of the students was
studied.

As a first approximation, a bar chart for each pair of vari-
ables is shown. Figure 21 shows higher levels of satisfaction
for the test group than the control group.

m I II

Control Test

Satisfaction

m7
s
K}

Frequency

group

FIGURE 21. Bar chart for Group and Satisfaction variables.

After this first insight, a more in-depth study, through cor-
relation calculations was carried out. Given that the variables
studied, (Satisfaction in control group and Satisfaction in test
group) are both ordinal variables, the non-parametric correla-
tions between them were first calculated. Kendall’s Tau-b was
used to evaluate the correlation between variables. Table 8
shows that there was no significant correlation between them.

TABLE 8. Non-Parametric correlations for Satisfaction in the control and
test groups.

VALUE SIGN.
KENDALL'S TAU-B 0.17 0.1

TABLE 9. Mann-Whitney U test for satisfaction, using the variable group
as the i.v.

Mann-Whitney U z p-value  Effect-
Size (r)
SATISFACTION 1241.50 5.02 0.000 0.41

Therefore, it was decided to analyze the differences
between Satisfaction in the control and test groups with a non-
parametric test for independent samples. The Mann-Whitney
U test was chosen to compare differences between two inde-
pendent groups. Table 9 shows the output for this test, as well
as the value of effect size r in the case of significant differ-
ences between groups, calculated, again, following recom-
mendations about the effect size of the non-parametric test,
ie,r = %ﬁ, with N being the total number of observations

on which Z is based. Satisfaction values of the test group were
significantly higher than the control group. The effect size
of 0.41 corresponds to a large effect.
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2) MOTIVATION

Finally, and related to RQ3 too, the possible relationship
between the use of mindfulness and the degree of motivation
of the students was studied.

o .II

Control Test

Motivation

Frequency

5

group

FIGURE 22. Bar chart for Group and Motivation variables.

Again, as a first look, a bar chart for each pair of variables
is shown. Figure 22 shows higher levels of motivation for the
test group than the control group.

Kendall’s Tau-b was used to evaluate a possible correlation
between the variable Motivation in the control group and
the test group. Table 10 shows that there was no significant
correlation between them.

TABLE 10. Non-Parametric correlations for Motivation in the control and
test groups.

VALUE SIGN.
KENDALL'S TAU-B 0.02 0.874

Therefore, it was decided to analyze the differences
between Motivation in control and test groups, using the
Mann-Whitney U test (see Table 11).

TABLE 11. Mann-Whitney U test for motivation, using the variable group
as the i.v.

U Mann-Whitney z p-value  Effect-
Size (r)
MOTIVATION 1554.00 3.56 0.000 0.29

Table 11 shows the output for this test, as well as the value
of effect size r in the case of significant differences between
groups. This test shows significant differences between the
two groups, with r = 0.29, corresponding to an intermediate
effect.

B. OPINION ABOUT MINDFULNESS
The opinion of the students in the test group (who practiced
mindfulness before learning to program with Alcody) were
recorded in questions 3 and 4 at the end of the experiment as
described in Section V.

Figure 23 shows the 69 answers to question 3 “Do you
like to practice mindfulness?”” on the Likert scale: 1 - I hate it
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Do you like to practice mindfulness?

m| hate it

m | do notlike it

m [t is indifferent to me
I ke it

m| love it

FIGURE 23. Results of question 3.

(0 answers); 2 - I do not like it (1 answer); 3 - It is indifferent
to me (4 answers); 4 - I like it (8 answers); 5 - I love it
(55 answers).

Do you think that practicing

mindfulness is useful in helping you
focus?

mYes

FIGURE 24. Results of question 4.

Figure 24 shows the 69 answers to question 4 “Do you
think that practicing mindfulness is useful in helping you
focus?”’ as Yes (66 answers) and No (3 answers).

VI. DISCUSSION

A. EVALUATION OF RESULTS AND IMPLICATIONS

To the best of our knowledge, this is the first time in the
literature that children have practiced mindfulness before
their programming learning sessions.

Three quantitative research questions were formulated
regarding the impact of mindfulness on students learning pro-
gramming, their satisfaction and motivation levels as well as
one qualitative research question regarding students’ opinion
on practicing mindfulness to learn programming.

Regarding RQ1. How can the practice of mindfulness in
teaching programming to children with an emotional learning
companion affect their learning gains? To test Ha, if children
practicing mindfulness before their programming learning
sessions will achieve higher learning gains than children
who do not practice mindfulness before their programming
learning sessions, an independent samples t-test was chosen
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to compare the control and test groups in pretest and posttest.
The results in Section VI.A revealed a significant increase
in the post test scores of the test group (higher than the
control group). These results are related to findings of similar
studies in which mindfulness was also used to help children
study at school [35]-[37], [42]. It was in different domains
and ages but, in all cases, mindfulness was proved ben-
eficial for children as a way of reducing their stress and
helping them focus [38], and in general, improving their
mental health [40], [63]. As a practical implication, teachers
in Primary Education trying to teach programming with a
learning companion such as Alcody could allow 10 minutes
of mindfulness practice before the lesson to achieve higher
learning gains.

Regarding RQ2. How is the practice of mindfulness
related to the satisfaction perceived by the students when
learning how to program with an emotional learning com-
panion? To test Hb, if children practicing mindfulness before
their programming learning sessions will achieve higher sat-
isfaction levels than children who do not practice mindfulness
before their programming learning sessions, a Mann-Whitney
U test of the data gathered in the questionnaire revealed a
significant increase in the post test scores of the test group
(higher than the control group). In particular, the satisfaction
values recorded for the test group were significantly higher
than the control group with a 0.41 effect size, which corre-
sponds to a large effect.

Previous studies on the impact of mindfulness have also
revealed an improvement of job satisfaction for adults [65],
and in general, life satisfaction for healthy people [66] and
people with some illness [67]. This study contributes to the
literature by providing results indicating an improvement of
students’ satisfaction also in the context of teaching program-
ming to Primary Education students. As a practical implica-
tion, Primary Education teachers could have an additional
reason to introduce mindfulness before teaching program-
ming to their students as they will increase not only the
students’ learning gains but also their satisfaction levels.

Regarding RQ3. How is the practice of mindfulness related
to the motivation perceived by the students when learning
how to program with an emotional learning companion?
To test He, if children practicing mindfulness before their pro-
gramming learning sessions will achieve higher motivation
levels than children who do not practice mindfulness before
their programming learning sessions, a Mann-Whitney U test
of the data gathered in the questionnaire revealed a significant
increase in the post test scores of the test group (higher than
the control group). The test (see Table 10) showed significant
differences between groups, with r = 0.29 indicating an
intermediate effect.

This result is interesting because most papers in the lit-
erature on mindfulness focus on the opposite relationship:
how motivation improves attention [68]-[70]. This paper
explored how being focused on the task helps to become
more motivated. It could also be related to the other mind-
fulness principle of not judging anything as good or bad,
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but just accepting everything as it is. It could improve
motivation as children do not judge tasks as bad but as
tasks to complete with their full attention at that exact
moment [62], [71]. As a practical implication for Primary
Education teachers of programming, introducing mindfulness
before their lessons means they could not only improve the
learning scores and satisfaction levels, but also the motivation
levels.

Regarding RQ4. What do students think about the
practice of mindfulness to focus on their programming
lessons? The results in Section VI.D revealed that children
liked the practice of mindfulness and that they thought it
helped them focus. This is particularly relevant because, due
to the COVID-19 pandemic, they had to connect online dur-
ing the summer from home. It is a strange situation as children
are used to being in class with their classmates and teacher.
It is similar to the strange situation of teleworking that many
people are currently doing and who, by practicing mindful-
ness, have perceived themselves as being more focused and
reported feeling better [72]. As a practical implication for
teachers in general during the COVID-19 pandemic, mind-
fulness could be a support to help students focus before their
lessons.

B. THREATS TO VALIDITY
The study presented some threats to validity [73]:

o Construct validity: The instrumentation based on ques-
tionnaires to measure cognitive-emotional processes
could be a threat to validity. In this study, this threat was
minimized by limiting the answers to the questionnaires
to categories like yes/no or a 1-5 Likert scale. More-
over, the combination of quantitative and qualitative data
when dealing with emotional aspects in research helps to
provide more valid data [74].

« External validity: the situation of the COVID-19 pan-
demic has affected all our lives as well as the lives of
the students in the experiment and that should be taken
into account. Moreover, although students in the test and
control group were never mixed as they connected online
with their teacher, the control group was formed with
two groups of the school and the test group was formed
with another two groups of the school as usually happens
in research in education in real classrooms.

« Internal validity: Thanks to the pre-post test research
design, some of the threats due to internal validity are
removed as differential rates of mortality and selection
bias [75], [76]. However, there are some internal threats
to validity such as possible different digital skills and
resources that students have at home, as they were not
connected all together in the classroom. That all students
had the same teacher could also have an impact, but in
learning how to program with Alcody the teacher is only
for questions regarding problems with the computer or
to show progress as the key element of the teaching is
in Alcody so this factor is not so relevant here. That
some students could have parents that help them with
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the mindfulness practice while other students could have
more skeptical parents that do not support or help their
children so much with either mindfulness or learning
programming may also affect motivation. Similarly, par-
ents who rewarded their children more or less could
have some impact on students’ satisfaction. It is very
difficult to separate those factors as the experiment was
with children during the summer at home, and in gen-
eral, as happens in any experiment outside the lab [77].
However, it can be shown that there was no contamina-
tion between the control and test group. Students in the
control group did not mix with the students in the test
group. The only difference between both groups was the
use of mindfulness. No children (neither in the control
nor in the test group) had any previous knowledge of
mindfulness. At the end of August, after the post-test
of the control group, the teacher asked the students
whether they had used mindfulness to help them focus
to study, and all students in the control group answered
that they did not have any knowledge of mindfulness
to help them focus on their learning. It could also be
seen as a threat that students had previously used Alcody.
However, it should not have a great impact on the results
of this paper, as both students in the test and control
groups had used Alcody.

o Conclusions validity: this is related with sources of
random error and the appropriate use of statistics and
statistical tests [78]. In this paper, all possible validity
checks have been provided. However, a possible remain-
ing threat could be the use of a rubric with a finite and
discrete number of values.

VIi. CONCLUSION AND FUTURE WORK

The use of mindfulness in education, in this case, for first
time in teaching programming to children, has proven to be
beneficial to students’ learning, satisfaction and motivation.
In an experiment with 137 students aged between 10 and
12 years old using the learning companion Alcody for two
months. Although all students significantly increased their
scores (as happened in previous studies with Alcody) the 69
students in the test group who practiced mindfulness before
their programming sessions achieved a significantly higher
improvement in their post-test programming scores, and sig-
nificantly higher satisfaction and motivation levels than stu-
dents in the control group who did not practice mindfulness.
Moreover, students in the test group reported that they liked
the experience of practicing mindfulness and that they felt it
helped them to focus.

This study is not without its limitations. Some are: (1) lack
of randomization when assigning students to the control and
test groups. Due to the restrictions of the schools, it was
decided to randomize the entire classes and assign all the
students of the same class to the control or test groups, (2) the
study was carried out only once in a single school, so it would
be desirable to carry it out with more students in different
schools, (3) there is no previous specific literature on this
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subject. This work could constitute the spearhead of future
research.

As for future work, the intention is to overcome the lim-
itations found, explore the relationship between mindful-
ness, anxiety, scores, satisfaction, motivation and frustration
when children are learning to program with an emotional
companion or even when they are starting to program using
block-based language programs such as Scratch. We are also
working to integrate mindfulness tips during all programming
sessions (not only at the beginning). The goal is to test, during
an academic year, how students who receive mindfulness
tips deal with programs that do not compile or produce a
different result to that expected compared to students who do
not receive mindfulness tips.

ACKNOWLEDGMENT

This work was supported in part by the Project under Grant
TIN 2015-66731-C2-1-R, in part by the Madrid Regional
Government through the e-Madrid-CM Project under Grant
P2018/TCS-4307, and in part by the e-Madrid-CM Project
through the Structural Funds (FSE and FEDER).

REFERENCES

[1] D. Pérez-Marin, R. Hijon-Neira, A. Bacelo, and C. Pizarro, “Can com-
putational thinking be improved by using a methodology based on
metaphors and scratch to teach computer programming to children?”
Comput. Hum. Behav., vol. 105, Apr. 2020, Art. no. 105849, doi: 10.
1016/j.chb.2018.12.027.

[2] H. O. Pérez-Narvdez and R. Roig-Vila, “Entornos de programacién
no mediados simbdlicamente para el desarrollo del pensamiento com-
putacional. Una experiencia en la formacién de profesores de Infor-
mitica de la universidad central del ecuador,” Revista de Educacion
a Distancia (RED), vol. 46, pp. 1-22, Sep. 2015. [Online]. Available:
https://revistas.um.es/red/article/view/24030, 2015.

[3] S. Almadhun, M. Toycan, and A. Adalier, “VB2ALGO: An educational
reverse engineering tool to enhance high school students’ learning capaci-
ties in programming,” Revista de Cercetare si Interventie Sociala, vol. 67,
pp. 67-87, Dec. 2019, doi: 10.33788/rcis.67.5.

[4] M. U. Bers, C. Gonzilez-Gonzdlez, and M. B. Armas-Torres,
“Coding as a playground: Promoting positive learning experiences
in childhood classrooms,” Comput. Edu., vol. 138, pp. 130-145,
Sep. 2019.

[5] B. Arfé, T. Vardanega, and L. Ronconi, “The effects of coding on chil-
dren’s planning and inhibition skills,” Comput. Edu., vol. 148, Apr. 2020,
Art. no. 103807.

[6] J. Hromkovic, D. Komm, R. Lacher, and J. Staub, “Teaching with LOGO
Philosophy,” in Encyclopedia of Education and Information Technologies,
A. Tatnall, Ed. New York, NY, USA: Springer, doi: 10.1007/978-3-319-
60013-0_76-1.

[7]1 S. Papert, Mindstorms: Children, Computers, and Powerful Ideas.
New York, NY, USA: Basic Books, 1980.

[8] P. Lopez-Silva, ‘““Realidades, construcciones y dilemas: Una revision
filoséfica al construccionismo social,” Cinta de moebio, no. 46, pp. 9-25,
Mar. 2013, doi: 10.4067/S0717-554X2013000100002.

[9] S. Papert. “Introduction: What is LOGO? And who needs it?”” in Logo
philosophy and Implementation. Logo Computer Systems. Louisville, KY,
USA: Highgate Springs, 1999, pp. 4-16.

[10] M. Resnick, J. Maloney, A. Monroy-Hernandez, N. Rusk, E. Eastmond,
and K. Brennan, “Scratch: Programming for all,” Comm. ACM, vol. 52,
no. 11, pp. 60-67, 2009.

[11] S. Papavlasopoulou, K. Sharma, and M. N. Giannakos, “How do you
feel about learning to code? Investigating the effect of children’s atti-
tudes towards coding using eye-tracking,” Int. J. Child-Comput. Interact.,
vol. 17, pp. 50-60, Sep. 2018.

[12] S. Papavlasopoulou, M. N. Giannakos, and L. Jaccheri, ‘“Reviewing
the affordances of tangible programming languages: Implications for
design and practice,” in Proc. IEEE Global Eng. Edu. Conf. (EDUCON),
Apr. 2017, pp. 1811-1816.

6658

(13]

(14]

(15]

[16]

[17]

(18]

(19]

(20]

(21]

(22]

(23]

[24]

(25]

(26]

(27])

(28]

[29]

(30]

(31]
(32]

(33]

(34]

(35]
(36]

(371

N. Zygouris, A. Striftou, A. Dadaliaris, G. Stamoulis, A. Xenakis, and
D. Vavougios, “The use of LEGO mindstorms in elementary schools,”
in Proc. EDUCON, Apr. 2017, pp. 514-516, doi: 10.1109/EDUCON.
2017.7942895.

C. Brackmann, D. Barone, A. Casali, R. Boucinha, and
S. Mufioz-Hernandez, ‘““Computational thinking: Panorama of the
Americas,” in Proc. Int. Symp. Comput. Educ. (SIIE), Sep. 2016, pp. 1-6.
J. M. Ocana, E. K. Morales-Urrutia, D. Perez-Marin, and C. Pizarro,
“Can a learning companion be used to continue teaching programming
to children even during the COVID-19 pandemic?” IEEE Access, vol. 8,
pp. 157840-157861, 2020, doi: 10.1109/ACCESS.2020.3020007.

E. Ackermann, “‘Piaget’s constructivism, Papert’s constructionism: What’s
the difference,” Future Learn. Group Publication, vol. 5, no. 3, p. 438,
2001.

S. Papavlasopoulou, M. N. Giannakos, and L. Jaccheri, “Exploring
children’s learning experience in constructionism-based coding activ-
ities through design-based research,” Comput. Hum. Behav., vol. 99,
pp. 415427, Oct. 2019, doi: 10.1016/j.chb.2019.01.008.

E. King and R. Badham, ““The wheel of mindfulness: A generative frame-
work for second-generation mindful leadership,” Mindfulness, vol. 11,
pp. 166-176, Apr. 2018.

J. Kabat-Zinn, Full Catastrophe Living: A Practical Guide to Mindfulness,
Meditation, and Healing. New York, NY, USA: Delacorte, 1990.

P. Sedlmeier, J. Eberth, M. Schwarz, D. Zimmermann, F. Haarig, and
S. Jaeger, “The psychological effects of meditation: A meta-analysis,”
Psychol. Bull., vol. 138, no. 6, p. 1139, 2012.

J. M. Wing, “Computational thinking,” Comm. ACM, vol. 49, no. 3,
pp. 33-35, 2006.

C. S. Gonzilez-Gonzilez, M. D. Guzman-Franco, and A. Infante-
Moro, “Tangible technologies for childhood education: A systematic
review,” Sustainability, vol. 11, no. 10, p. 2910, May 2019, doi: 10.3390/
sul1102910.

D. Alimisis, M. Moro, J. Arlegui, A. Pina, S. Frangou, and
K. Papanikolaou, ‘“Robotics & constructivism in education:
The TERECOoP project,” EuroLogo, vol. 40, pp. 19-24, Aug. 2007.

D. Ausubel, Educational Psychology: A Cognitive View. New York, NY,
USA: Holt, Rinehart & Winston, 1968.

R. Zatarain-Cabada, M. L. Barrén-Estrada, J. M. Rios-Félix, and
G. Alor-Hernandez, “Sistema tutor afectivo para la ensefianza de 16g-
ica algoritmica y programacioén,” Res. Comput. Sci., vol. 111, no. 1,
pp. 111-122, Dec. 2016.

M. Y. Lim, “Memory models for intelligent social companions,” in
Human-Computer Interaction: The Agency Perspective. Berlin, Germany:
Springer-Verlag, 2012, pp. 241-262.

T. W. Chan and A. B. Baskin, “Studying with the prince: The computer as
alearning companion,” in Proc. Int. Conf. Intell. Tutoring Syst., Montreal,
QC, Canada, 1988, pp. 194-200.

J. E. Michaelis, and B. Mutlu, “Someone to read with: Design of and
experiences with an in-home learning companion robot for reading,” in
Proc. CHI Conf. Hum. Factors Comput. Syst., 2017, pp. 301-312.
C.W.Chang,J. H. Lee, P. Y. Chao, C. Y. Wang, and G. D. Chen, ‘“Exploring
the possibility of using humanoid robots as instructional tools for teaching
a second language in primary school,” Educ. Technol. Soc., vol. 13, no. 2,
pp. 13-24, 2010.

B. S. Bloom, “The 2 sigma problem: The search for methods of group
instruction as effective as one-to-one tutoring,” Educ. Researcher, vol. 13,
no. 6, pp. 4-16, Jun. 1984.

R. W. Picard, Affective Computing. Cambridge, MA, USA: MIT Press,
1997.

A. Mohanty, “Affective pedagogical agent in E-learning environment:
A reflective analysis,” Creative Edu., vol. 7, no. 4, pp. 586-595, 2016.

K. W. Brown and R. M. Ryan, “The benefits of being present: The role of
mindfulness and its role in psychological well-being,” J. Personality Social
Psychol., vol. 84, no. 4, pp. 822-848, 2003.

A. Chiesa and A. Serretti, “Mindfulness-based stress reduction for stress
management in healthy people: A review and meta-analysis,” J. Alternative
Complementary Med., vol. 15, no. 5, pp. 593-600, May 2009.

S. L. Shapiro, “The integration of mindfulness and psychology,” J. Clin.
Psychol., vol. 65, no. 6, pp. 555-560, Jun. 2009.

J. Sun, “Mindfulness in context: A historical discourse analysis,” Con-
temp. Buddhism, vol. 15, no. 2, pp. 394-415, Jul. 2014.

F. Tobias-Moreno, ?‘ Qué Hace el Mando de la Tele en el Frigo?: Atencion
Eficiente en la era de las Distracciones. Madrid, Spain: Khaf, 2018.

VOLUME 9, 2021


http://dx.doi.org/10.1016/j.chb.2018.12.027
http://dx.doi.org/10.1016/j.chb.2018.12.027
http://dx.doi.org/10.33788/rcis.67.5
http://dx.doi.org/10.1007/978-3-319-60013-0_76-1
http://dx.doi.org/10.1007/978-3-319-60013-0_76-1
http://dx.doi.org/10.4067/S0717-554X2013000100002
http://dx.doi.org/10.1109/EDUCON.2017.7942895
http://dx.doi.org/10.1109/EDUCON.2017.7942895
http://dx.doi.org/10.1109/ACCESS.2020.3020007
http://dx.doi.org/10.1016/j.chb.2019.01.008
http://dx.doi.org/10.3390/su11102910
http://dx.doi.org/10.3390/su11102910

E. K.

Morales-Urrutia et al.: Can Mindfulness Help Primary Education Students to Learn How to Program?

IEEE Access

[38]

[39]

[40]

[41]

[42]

[43]

[44]
[45]
[46]
[47]
[48]
[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]
[59]
[60]
[61]
[62]

[63]

A. O’Donnell, “Contemplative pedagogy and mindfulness: Developing
creative attention in an age of distraction,” J. Philosophy Edu., vol. 49,
no. 2, pp. 187-202, May 2015.

D. Pinazo, L. T. Garcia-Prieto, and R. Garcia-Castellar, “Implementation
of a program based on mindfulness for the reduction of aggressiveness in
the classroom,” Revista de Psicodiddctica (English ed.), vol. 25, no. 1,
pp. 30-35, Jan. 2020.

X. Deng, J. Zhang, L. Hu, and H. Zeng, “Neurophysiological evidences
of the transient effects of mindfulness induction on emotional processing
in children: An ERP study,” Int. J. Psychophysiol., vol. 143, pp. 36-43,
Sep. 2019.

D. Henriksen, C. Richardson, and K. Shack, “Mindfulness and creativity:
Implications for thinking and learning,”” Thinking Skills Creativity, vol. 37,
Sep. 2020, Art. no. 100689, doi: 10.1016/j.tsc.2020.100689.

K. Weare, “Mindfulness and contemplative approaches in education,”
Current Opinion Psychol., vol. 28, pp. 321-326, Aug. 2019.

S. Daragh. (2020). The Ultimate Guide to Meditation for Coders. [Online].
Available: https://codingmindfully.com/the-ultimate-guide-to-meditation-
for-programmers/

M. Carretero, Constructivismo y Educacion. Buenos Aires, Argentina:
Aique, 1994.

D. H. Schunk, Teorias del Aprendizaje. Una Perspectiva Educativa.
London, U.K.: Pearson, 2012.

J. Piaget, Psychology and Epistemology: Towards a Theory of Knowledge.
New York, NY, USA: Viking, 1971.

J. Piaget, and B. Inhelder, The Child’s Conception of Space. New York,
NY, USA: W. W. Norton & Co. 1967.

P. Ekman, “Basic emotions,” in Handbook of Cognition and Emotion,
T. Dalgleish and M. Power, Eds. Sussex, U.K.: Wiley. 1999.

S. Papert, and 1. Harel, Constructionism, Norwood, NJ, USA: Ablex Pub-
lishing, 1991.

A. Shaw, “Social constructionism and the inner city: Designing environ-
ments for social development and urban renewal,” in Constructionism in
Practice, Y. L. Kafai and M. Resnick, Eds. Mahwah, NJ, USA: Erlbaum
Associates, 1996, pp. 175-206.

A. Parmaxi, P. Zaphiris, E. Michailidou, S. Papadima-Sophocleous,
and A. Toannou, “Introducing new perspectives in the use of social
technologies in learning: Social constructionism,” in Human-Computer
Interaction—INTERACT 2013 (Lecture Notes in Computer Science),
vol. 8118, P. Kotzé, G. Marsden, G. Lindgaard, J. Wesson, and
M. Winckler, Eds. Heidelberg, Germany: Springer, 2013, pp. 554-570.

Y. B. Kafai, “Playing and making games for learning: Instructionist and
constructionist perspectives for game studies,” Games Culture, vol. 1,
no. 1, pp. 36-40, Jan. 2006.

E. Morales-Urrutia, J. M. Ocafa, J. Santamaria, and D. Pérez-Marin,
“Interfaz de usuario enfocado en el co-disefio con nifios,” Revista Ibérica
de Sistemas e Tecnologias de Informagdo, vol. 22, no. E22, pp. 147-160,
Aug. 2019.

S. Tamayo-Moreno, “Propuesta de metodologia para el disefio e inte-
gracién en el aula de un agente conversacional pedagdgico desde educacién
secundaria hasta educacién infantil,” M.S. thesis, Dept. Ciencias de la
Computacién, Arquitectura de Computadores, Lenguajes y Sistemas Infor-
maticos y Estadistica e Investigacién Operativa, Univ. Rey Juan Carlos,
Méstoles, Spain, 2017.

E. Morales-Urrutia, J. M. Ocaiia, D. Pérez-Marin, and S. Tamayo-Moreno,
“Gestion del didlogo de un agente conversacional pedagégico para apren-
der a programar,” Revista Ibérica de Sistemas y Tecnologias de la Infor-
macion (RISTI), vol. 19, no. E19, pp. 239-251, Apr. 2019.

A. Jedlitschka and D. Pfahl, “Reporting guidelines for controlled experi-
ments in software engineering,” presented at the IEEE Int. Symp. Empiri-
cal Softw. Eng., 2005.

C. Wohlin, P. Runeson, M. Host, M.C. Ohlsson, B. Regnell, and
A. Wesslén, Experimentation in Software Engineering. New York, NY,
USA: Springer, 2012.

L. R. Aiken, “Content validity and reliability of single items or question-
naires,” Educ. Psychol. Meas., vol. 40, no. 4, pp. 955-959, Dec. 1980.

L. R. Aiken, “Three coefficients for analyzing the reliability and validity
of ratings,” Educ. Psychol. Meas., vol. 45, no. 1, pp. 131-142, Mar. 1985.
J. L. Fleiss, B. Levin, and M. C. Paik, Statistical Methods for Rates and
Proportions, 3rd ed. Hoboken, NJ, USA: Wiley, 2003.

J. F. Hair, R. E. Anderson, R. L. Tatham, and W. C. Black, Multivariate
Data Analysis, 5th ed. Upper Saddle River, NJ, USA: Prentice-Hall, 1998.
E. Snel, Tranquilos y Atentos Como Una Rana: La Meditacion para
Niiios. .. con sus Padres. Barcelona, Spain: Editorial Kairés, 2013.

J. Cohen, “A coefficient of agreement for nominal scales,” Educ. Psychol.
Meas., vol. 20, no. 1, pp. 37-46, Apr. 1960.

VOLUME 9, 2021

[64]

(65]

[66]

[67]

[68]

[69]

(70]

(71]

[72]

(73]

(74]
(751

[76]

(77

(78]

K. E. Hooker and I. E. Fodor, ‘““Teaching mindfulness to children,” Gestalt
Rev., vol. 12, no. 1, pp. 75-91, 2008.

C. Monroe, F. Loresto, S. Horton-Deutsch, C. Kleiner, K. Eron,
R. Varney, and S. Grimm, “The value of intentional self-care prac-
tices: The effects of mindfulness on improving job satisfaction, team-
work, and workplace environments,” Arch. Psychiatric Nursing, early
access, Oct. 13, 2020. [Online]. Available: https://www.sciencedirect.com/
science/article/abs/pii/S0883941720305598, doi: 10.1016/j.apnu.2020.10.
003.

T. K. Dhandra, “Achieving triple dividend through mindfulness: More
sustainable consumption, less unsustainable consumption and more life
satisfaction,” Ecol. Econ., vol. 161, pp. 83-90, Jul. 2019.

M. Saban, E. Dagan, and A. Drach-Zahavy, ‘“The relationship between
mindfulness, triage accuracy, and patient satisfaction in the emergency
department: A moderation-mediation model,” J. Emergency Nursing,
vol. 45, no. 6, pp. 644-660, Nov. 2019.

R. Radel, P. Sarrazin, P. Legrain, and L. Gobancé, ‘““Subliminal priming
of motivational orientation in educational settings: Effect on academic
performance moderated by mindfulness,” J. Res. Personality, vol. 43,
no. 4, pp. 695-698, Aug. 2009.

A. Grund and K. Senker, “Motivational foundations of self-control and
mindfulness and their role in study-leisure conflicts,” Learn. Individual
Differences, vol. 68, pp. 72-84, Dec. 2018.

R. Amemiya and Y. Sakairi, “The effects of passion and mindfulness
on the intrinsic motivation of Japanese athletes,” Personality Individual
Differences, vol. 142, pp. 132-138, May 2019.

P. Sainz, Mindfulness Para nifios. Como Crear un Hogar Mds Feliz a
Través de la Meditacion. Barcelona, Spain: Planeta, 2015.

M. Toniolo-Barrios and L. Pitt, “Mindfulness and the challenges
of working from home in times of crisis,” Bus. Horizons, early
access, Oct. 5, 2020. [Online]. Available: https://www.sciencedirect.com/
science/article/abs/pii/S0007681320301191, doi: 10.1016/j.bushor.2020.
09.004.

W. R. Shadish, T. D. Cook, and D. T. Campbell, Experimental and Quasi-
Experimental Designs for Generalized Causal Inference. Boston, MA,
USA: Houghton Mifflin, 2002.

1. B. Mauss and M. D. Robinson, ‘“Measures of emotion: A review,”
Cognition Emotion, vol. 23, no. 2, pp. 209-237, Feb. 2009.

D. T. Campbell, “Factors relevant to the validity of experiments in social
settings,” Psychol. Bull., vol. 54, no. 4, pp. 297-312, 1957.

D. T. Campbell and J. C. Stanley, Experimental and Quasi-Experimental
Designs for Research. Boston, MA, USA: Houghton Mifflin Company,
1966.

M. A. Saint-Germain. Research Methods. Accessed: Oct. 27, 2020.
[Online]. Available: https://web.csulb.edu/~msaintg/ppa696/696exper.htm
T. D. Cook and D. T. Campbell, Quasi-Experimentation: Design and
Analysis Issues for Field Settings. Boston, MA, USA: Houghton Mifflin,
1979.

ELIZABETH K. MORALES-URRUTIA is cur-
rently a Computer Teacher and a Teaches Software
of design with the Faculty of Design and Archi-
tecture, Technical University of Ambato. She has
been a Master in Teaching and Curriculum and
Technologies for teaching management and prac-
tice. She has also been teaching for 14 years. She
has written a book about learning Libre in Office
in Kichwa. Her research interests include related to
programming teaching and learning processes and
information technology in education.

JOSE MIGUEL OCANA is currently pursuing the
Ph.D. degree in information and communication
technologies with the Rey Juan Carlos University
of Spain.

He has worked as a Teacher with the University
of the Armed Forces for four years and occa-
sionally with the Technical University of Ambato.
Since 2018, he is been a part of the Universitas
XXI Research Group, Rey Juan Carlos University.
He is also a Computer Administrator with the

Ecuadorian Army, for 17 years, and a Master in information technology.
At the moment, he has published several scientific articles of impact and has
participated in national and international conferences. His research interest
includes human—computer interaction.

6659


http://dx.doi.org/10.1016/j.tsc.2020.100689
http://dx.doi.org/10.1016/j.apnu.2020.10.003
http://dx.doi.org/10.1016/j.apnu.2020.10.003
http://dx.doi.org/10.1016/j.bushor.2020.09.004
http://dx.doi.org/10.1016/j.bushor.2020.09.004

lEEEACCGSS E. K. Morales-Urrutia et al.: Can Mindfulness Help Primary Education Students to Learn How to Program?

DIANA PEREZ-MARIN received the Ph.D.
degree in computer science and telecommunica-
tion from European, in 2007.

She worked as a Lecturer and a Researcher
with the Universidad Auténoma de Madrid for ten
years. She has been a Lecturer and a Researcher
with the Universidad Rey Juan Carlos, Madrid,
Spain, for ten years, where she is currently an
Assistant Professor with the Computer Science

L ! Department. She is a member of the Laboratory
of Information Technologies in Education (LITE). Her research interests
include human—computer interaction, computer assisted education, and
computer science education. She has published more than 100 articles in
nationals and internationals journals and conferences. She was a recipient of
several awards.

6660

CELESTE PIZARRO received the Ph.D. degree
in computer science and mathematical modeling
from Universidad Rey Juan Carlos, Madrid, Spain,
in 2006, and dual the M.Sc. degrees in math-
ematics and statistics from the Universidad de
Extremadura, Badajoz, Spain, in 2000 and 2001,
respectively. She is currently Assistant Professor
in applied mathematics with Universidad Rey Juan
Carlos, where she is also an Assistant Professor
with the Department of Statistics and Operations

Research. Her research interests include different mathematical program-
ming fields (stochastic, integer, and linear) and their applications.

VOLUME 9, 2021



