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In a changing world programming learning is becoming more and more essential in

education. And, there are many programming environments and teaching approaches

that address the learning needs of students in CS education. A single programming

tool or a method do not fit all students. Research has focused on gender differences

and there is high interest in increasing female participation. Games and especially

game-design tend to impact perceived usefulness of programming environments.

Moreover, personality traits like cognitive style and emotional intelligence (EQ) seem to

correlate with technology and achievement in programming. In this study, the effects of

three different programming environments were investigated, in high school settings, by

creating games and taking into account gender and personality characteristics. Three

groups were formed, group A created games with Scratch, group B used App Inventor

and made games for mobile devices, while group C created interactive stories-games

with Alice 3D. This study was seeking to find possible biases based on gender,

learning perception, usage and students’ personalities between the three experimental

conditions. One hundred and sixty three students aged 14–15 years old participated in

the study, and data were collected through pre activity and post activity questionnaires.

Results show different gender preferences for the three programming tools and, in some

cases, different personalities (cognitive styles and EQ) have different learning preferences.

Moreover, all programming environments had different emotional effects on the students.

The study concludes with guidelines for programming learning environments that respect

individual learning preferences and aim to maximize learning effectiveness.

Keywords: game design, games for learning, programming learning, personality traits, cognitive style, emotional

intelligence

INTRODUCTION

Programming is the core characteristic in the field of Computer Science Education (CSE) (Ben-
Ari, 1998). Literature shows that learning programming enhances Computational Thinking (CT)
and problem-solving skills, both essential skills for the 21st century (Ben-Ari, 1998; Mathew et al.,
2019). In a changing world, programming learning is becoming more and more central in many
educational systems. In fact, in many countries (Nagashima et al., 2018; Fessakis and Prantsoudi,
2019; Qian et al., 2019), programming learning is a part of the curriculum, implying that vast
numbers of children will be exposed to code as well as software and applications helping them
to learn programming.
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Programs comprise of instructions that command a
computer/machine to behave in a certain way and can
have several looks, such as text or blocks (Weintrop and
Wilensky, 2017). Though, learning programming has been a
challenging subject for students across the world. There are
numerous difficulties that students face when learning the
logic of programming (Gomes and Mendes, 2007; Bosse and
Gerosa, 2017; Qian et al., 2019). In a broad sense, they face
difficulties in understanding the basic structure and concepts of
programming and when designing a program to solve certain
tasks. Therefore, several tools and environments have been
developed to assist them by creating applications that are related
with their interests (Broll et al., 2017) and to make programming
accessible to various groups (e.g., different ages) with no previous
coding experience.

Indeed, programming learning environments address the
learning needs of students (Matthews et al., 2009) and try to
make the coding tasks more usable (Truong et al., 2003), make
tutor feedback more effective and easily providable (Bancroft and
Roe, 2006), and even allow students to spot coding errors easily
(Nagashima et al., 2018). Moreover, such environments apply
different means to engage users. For example, some use games
and/or gamification to teach students (Shanahan, 2009) while
others use visual tools (Broll et al., 2017). There are also studies
focusing on student feedback (e.g., Matthews et al., 2009) and
in general students prefer hands-on experiences when learning
programming (Paul et al., 2006).

There are also cloud-based systems wishing to overcome
distance and temporal constraints (Kiridoshi et al., 2018),
mixed physical and digital programming environments [e.g.,
controlling robots (Ryokai et al., 2009)], environments that
support object modeling (which are particularly easy for
beginners) (Schwartz et al., 2006) and so on.

But how students perform when using different programming
environments? Previous research highlights the need to use
different learning environments under certain circumstances,
depending on the students’ needs (McKenna, 2004; Gunbatar and
Karalar, 2018). The effectiveness of such learning environments
and approaches is becoming the focus of current research
efforts and different methods are used for this purpose. For
example, an eye tracking study showed significant differences
between kids and teens in coding activities. Kids were more
interested in the appearance of the characters whereas teens
were more interested in testing different hypotheses in relation
to the code (Papavlasopoulou et al., 2017). Another study
found important issues for non-native English-speaking children
in programming activities, concluding that there is a need
for simplified English, culturally-agnostic coding examples and
embed inline dictionaries (Guo, 2018). Furthermore, it is
also important to note that it is not only the programming
learning environment that is important but also the teaching
style followed, since it makes a big difference to allow active
children involvement as opposed to more traditional, lecture
style teaching (Makris et al., 2013). With the involvement of
children in programming activities and the compulsory character
these activities have in many educational systems worldwide,
it seems necessary to proceed with clear evaluation plans

(Von Hausswolff, 2017) in order to provide the necessary
frameworks for the use of programming learning environments
on a large scale (Hazzan et al., 2008).

Different pedagogical approaches are also applied to engage
children with programming activities, like peer learning (Ndaiga
and Salim, 2015), collaborative learning (Tholander et al., 2004)
and game-based learning (Rugelj and Lapina, 2019). Kafai in
her work (Kafai, 2012), presents game-design as a context for
students’ learning. Students from an elementary public school,
programmed games to teach fractions to other students, so their
classroom was transformed in a game studio for six months.
The game-design approach became a medium for children’s
creativity and learning. A systematic review by Denner et al.
(2019) shows that there are several educational benefits when
designing and programming computer games especially in terms
of learning and motivation. The current study focuses on three
programming learning environments widely known and used
(1) Scratch (Theodoropoulos et al., 2017); (2) App Inventor
(Faria et al., 2010); and (3) Alice (Ivanović et al., 2014), in the
perspective of game-design.

Furthermore, students have different preferences regarding
coding assignments (Thomas et al., 2002). Important factors
that influence their choices seem to be task dependent such
as task difficulty, potential of enhanced learning experience
and perceived benefit (Smith et al., 2014). However, there are
other factors that influence their preferences which are task
independent, like gender and personality. Gender is an important
and well-recognized factor in STEM related fields and especially
in programming education (McKenna, 2004) and there is a lack
of studies exploring gender and programming environments
in schools (Spieler and Slany, 2018). For example, Malik and
Coldwell-Neilson (2018) adopted a four-stages model (approach,
deployment, result, improvement) as a learning approach and
indicated that female students performed better in some tasks
while males performed better in others. In the same study,
students’ responses showed gender differences on satisfaction,
regarding the learning approach that was followed. Another
study, from Gunbatar and Karalar assess the effects of teaching
programming with mBlock. The results showed that self-efficacy
perceptions of boys toward programming were higher than the
girls’ before conducting the research, but this difference was
smaller after the coding activities. However, games might be
an effective way to battle gender stereotypes in programming
education (Gunbatar and Karalar, 2018). Therefore, the first
research question of this study is about gender and the
programming learning environments:

RQ1: Is there any difference in students’ gender
and their preferences for creating games in different
programming environments?

Rationale: Identify if students find some programming tools
easier than others in terms of usability and learning, in
correlation with their gender.

Moreover, previous research highlights the need to use
different learning environments under certain circumstances,
depending on the students’ needs (McKenna, 2004; Gunbatar
and Karalar, 2018). Personality traits reflect in students’ patterns
of thoughts, feelings, and behaviors like cognitive preferences
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(Theodoropoulos et al., 2017). It seems that there are connections
between personality traits and students’ perceptions about
problem solving abilities in more established fields like Maths
(Grežo and Sarmány-Schuller, 2018). But even in CSE, a study
by Theodoropoulos et al. (2017) found that cognitive personality
dimensions provided significant results in correlation with
playing games for acquiring basic programming knowledge. The
present work aims to further investigate the aspect of personality
traits and programming learning tasks, so the following question
is researched.

RQ2: Is there any difference in students’ cognitive
styles and their preferences for creating games in different
programming environments?

Rationale: Identify if students find some programming tools
easier than others in terms of usability and learning, in
correlation with their cognitive style.

There is also an increasing interest in research for another
personality trait that is Emotional Intelligence (EQ) (Smith et al.,
2014). Its importance is theoretically described (Ivanović et al.,
2014) and researchers recognize that it is now time to incorporate
this research in technology (Davis, 2020). It is also known
that students’ emotional states have an effect on their learning
processes (Faria et al., 2010). For these reasons, the current
work also focuses on EQ aspects with programming learning
environments, wishing to move relevant research forward, since
very little exists in possible connections between EQ and
programming learning.

RQ3: Is there any difference in students’ EQ and
their preferences for creating games in different
programming environments?

Rationale: Identify if students find some programming tools
easier than others in terms of usability and learning, in
correlation with their EQ.

Therefore, the current work focuses on children’s personal
learning characteristics, such as gender, cognitive style and EQ,
through the design and creation of games in three different
programming environments, wishing to move relevant research
forward, since very little exists in possible connections between
them (Theodoropoulos et al., 2020).

Our study aims to highlight gaps and future path for game
design in programming learning environments in correlation
with personal learning characteristics.

To answer the aforementioned questions, we employed a
between-subjects design, with three experimental conditions.
Different students tested each condition and formed three
groups, so that each group is only exposed to a single user
interface. Group A created games with Scratch, group B used
App Inventor and made games for mobile devices, while group
C created interactive stories-games with Alice 3D. All three,
are part of the Greek school curriculum and are taught around
eight teaching hours (each one). However, for the purposes
of this study, we organized longer game-design workshops,
in which students’ groups spent around two months using
the environments (eight weeks), to significantly increase their
exposure to the environments and give them the opportunity to
explore them in depth. In this study, we investigate: (i) the role
of gender in different programming learning environments, and

specific personality characteristics, that is (ii) the cognitive style
and (iii) the emotional intelligence.

Finally, we research the longitudinal emotional effects from
the game-design workshops, to discover relationships between
students’ perceptions that are not related to the above variables.
More specifically we research:

RQ4: How do students’ feel about the workshop’ s life for
creating games in different programming environments after a
long time?

Rationale: Investigate the longitudinal effects of the
programming environments in students’ perceptions about,
usability, learning experience, emotions regarding the
workshop’ s life.

This study is a natural next step to contribute to recent
scholarly efforts use individual learning preferences to maximize
learning effectiveness in programming education. The increasing
exposure of children to programming as a compulsory part
of their internationally creates a clear demand for scholars
to evaluate tools and approaches, and offer frameworks to
ensure education is delivered effectively in this curricular area
(Theodoropoulos et al., 2020).

The rest of this paper is structured as follows. The related
work section offers (i) a brief introduction to the programming
environments used in this study, (ii) main aspects of the
“learning programming by designing games” approach, and (iii)
background work on programming preferences related with the
variables studied in this work (gender and personality traits).
The method section describes the procedure for conducting this
study (context, participants, design, materials, data collection
and data analysis). The results section presents the analysis
for the selected RQs, while the discussion section discussed
implications of this study (based on RQs) and provides guidelines
for programming learning environments that respect individual
learning preferences and aim to maximize learning effectiveness.
Next, comes the limitations and future work section that
discusses flaws or shortcoming of this work and lays out
suggestions for future studies. Finally, the paper restates the study
in the conclusion section.

RELATED WORK

Programming Environments of This Study
Previous research highlights the need to use different learning
environments under certain circumstances, depending on the
students’ needs (Roth, 1999; Dillenbourg et al., 2002). Our study
focuses on three programming learning environments widely
known and used (1) Scratch (Maloney et al., 2010); (2) App
Inventor (Wolber et al., 2015); and (3) Alice (Kelleher and
Pausch, 2007). All three are part of the compulsory computing
curriculum in Greek schools. Alice is considered a very good
tool for programming learning. It has been used with children
of different ages (Rodger et al., 2010) and abilities (Van Camp,
2013). It was found that it can help both younger and older
kids to tackle programming issues (Cordova et al., 2011) and
boost their interest in computer science (Distler, 2013). It
can also help students with weak mathematical background to
grasp computing concepts (Harrison, 2013) and to improve
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the interest of both genders in programming (Kelleher and
Pausch, 2007). Alice is also useful for collaborative activities
like pair programming, especially with children that are friends
(Werner et al., 2013).

Similarly, MIT App Inventor is a visual programming
environment for creating applications for Android-based
smartphones and tablets (Perdikuri, 2014). Because of its
simplicity and ease of use, it is considered an ideal environment
toward computing democratization (Wolber et al., 2015)
which could help underrepresented members of society to
handle computing concepts. For example, it has helped young
underrepresented children to work together and enhance their
programming skills (Rahman, 2018). It works well with older
and younger children, like primary school students (Alifah
et al., 2019) and it allows hands-on experience even with
complicated matters like controlling robot actions (Kline,
2018). Due to the App Inventor educational potential, it is
important to train teachers (Dodero et al., 2017) and also
support the teacher-student connectivity and communication
(Ramos et al., 2015).

Finally, Scratch is a visual programming environment that
allows children (mainly 8–16) to learn programming. Scratch
also supports collaborative and self-directed learning through
games and storytelling (Maloney et al., 2010). It is considered
beneficial to start from a young age, like elementary school
children (Hermans and Aivaloglou, 2017). In a simplified form,
Scratch can also support children to create projects and not
only solve puzzles, encouraging exploration and experimentation
(Tsur and Rusk, 2018). With carefully planned activities, children
seem capable of reflecting on their own learning and show
increased motivation to continue with programming tasks
(Dhariwal, 2018). Although certain concerns have been raised
in the past regarding the potential of Scratch in allowing
further involvement with programming beyond a visual language
(Meerbaum-Salant et al., 2011), different studies showed that
children that were first involved in programming through Scratch
were perfectly capable of proceeding with professional textual
languages like C#, Java (Armoni et al., 2015) and Python
(Dorling and White, 2015).

Learning by Designing Games
According to Rieber et al. (1998), learning through designing
games is more beneficial than traditional approaches. Game
design considers that the act of creating a game is a road to
learning in and of itself, independent of whether or not the
game is enjoyed by others (Isbister et al., 2010). The concept of
“learning by designing” is founded on the premise that active
engagement in the design and development process is the most
effective way to learn. This method is becoming more popular in
programming education (Theodoropoulos and Lepouras, 2020).

Important factors in the learning process are the role of the
teacher, the learning environment (in the conventional sense),
and the instructional design. The learning environments
discussed above, are akin to tools such as integrated
development environments (IDE) and so forth, which are
commonly understood in HCI/CS contexts as workspaces
and software packages. However, we want to make clear the

implicit distinction when there are blended (physical and
digital) environments, as well as peer learning and collaborative
learning pedagogies (Blackmore et al., 2011), which are things
that take place in the learning environment of the classroom,
learning management system, social space and so on. So, we
used the three programming learning environments as game
development environments within educational settings.

The potential of games to become a vehicle in programming
education has been of interest in the research and education
community (Theodoropoulos and Lepouras, 2020). Students
are more active in the learning process through game-based
learning and especially when they learn by developing games
themselves (Kafai, 1995). However, more important than an
individual tool or software package is a teacher’s pedagogical
content knowledge (PCK) (Park and Oliver, 2008), as this is
what fosters the immediate learning environment for students
(including opportunities for collaboration and peer learning) and
makes knowledge accessible to students. Our study, necessarily
and pragmatically focus on a discrete aspect of the learning
process, as experimental approaches demand.

Student Preferences
The main variables and the conceptual model of this study
are shown in Figure 1. The model is comprised of four
main categories including: Gender, Cognitive Style, Emotional
Intelligence and Effects from game-design workshops. As
mentioned earlier, this research aims to examine students’
individual learning preferences by creating games with different
programming tools. Therefore, we chose to work with categories
like gender and personality traits, which have been recognized in
the literature as of high importance in programming education
(e.g., McKenna, 2004; Smith et al., 2014; Theodoropoulos et al.,
2017, 2020; Denner et al., 2019; Davis, 2020). However, these
categories are characterized by diverse variables. Given that
this work is one of the few so far regarding game-design
through different programming environments in correlation
with individual learning preferences, we selected the variables as
shown in Figure 1.

Naturally, there are different user programming preferences
(Chamberlain, 2017). Students have different preferences with
regards to coding assignments. Important factors that influence
choices seem to be task dependent such as task difficulty,
potential of enhanced learning experience and perceived benefit
(Smith et al., 2014). However, there are other factors that
influence preferences which are task independent, like special
learning demands. For instance, students with dyslexia need to
be carefully considered when a programming learning task is
designed (Powell et al., 2004).

Moreover, although Gal et al. (2017) found that creativity,
as an important learning element in programming learning
environments, is associated with contextual variables and not
personal ones, there are studies that show the importance of
personality in programming learning activities (Theodoropoulos
et al., 2017). In fact, Theodoropoulos et al. (2017) used the
Myers and Briggs Type Indicator (MBTI), a tool to identify
cognitive preferences for receiving and processing information,
to study possible differences in students’ performance as they
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FIGURE 1 | Variables (conceptual model) used in this study.

engaged with programming learning activities. They found that
3 out of the 4 MBTI cognitive dimensions provided significant
results. Introverted students and Judgers did significantly better
than other personality types. In addition, students with high
intuition also perceived the tasks as easier. The present work
aims to further investigate the aspect of cognitive preferences and
programming learning tasks, also using the MBTI tool. Studies
using other cognitive style assessment tools, like the Big Five
did not find any significant correlations (Alhathli et al., 2017).
Personality has been successfully used to better understand user
preferences (Tkalcic and Chen, 2015). As early as 1978, Lee
and Shneiderman (1978) found associations between personality
and programming preferences. In addition, Osman et al. (2012)
reported how specific learning environments like Scratch show
positive correlations in terms of attractiveness with preferences
of school students with specific personalities (i.e., Perfectionism),
predicting learning motivation.

Gender seems to be another important and well-recognized
factor in programming learning. Although studies repeatedly
report not finding any differences in the programming style
between the genders (e.g., McKenna, 2004), there seem to be
significantly less girls in programming classes in all educational
levels, from primary school to high school (McBroom et al.,
2020). However, although the quality and style of programming
seems to be similar for both boys and girls there are
other significant differences, like girls reporting more negative
emotions in programming learning activities (Coto and Mora,
2019). Girls also spend more time communicating with others
in computer learning environments and show less interest in
programming activities (Bruckman et al., 2002). There are
differences in software usage, in exploring software features and
reported confidence (Burnett et al., 2010). Finally, collaborative
programming seems to be better received by girls (Vandenberg
et al., 2020). For these reasons, the current study will also consider
gender issues.

Finally, over the last years there is an increasing interest
in Emotional Intelligence (EQ) research. Its importance is
theoretically described (Ivanović et al., 2014) and researchers
recognize that it is now time to incorporate this research

in technology (Davis, 2020). It is also known that students’
emotional states have an effect on their learning processes (Faria
et al., 2010). For these reasons, the current work also focuses on
EQ issues and programming learning environments, wishing to
move relevant research forward, since very little exists in possible
connections between EQ and programming learning.

METHOD

Context and Participants
The participants of this study, were students attending amedium-
sized high school in Greek secondary education (with around 180
students in total). Students from seven different school classes
were chosen under the proposal of their teachers. They were
informed about the study and its purpose from their CS teacher
and all agreed to participate in it. Their parents signed for
them to participate. Then they received a thorough explanation
of the study and explained that no rewards will be given. So,
in our game-design workshops took part 163 students (mean
age = 14.6 years), 46.6% female and 53.4% male students.
The game-design workshops held within their regular school
program and curriculum. The study was conducted during the
school year 2019–2020, by one of the researchers/authors of this
paper with the help of the school’s CS teacher. All workshops
held in the school’s IT laboratory. Moreover, we had in our
mind that students may modify their behavior in response to
their awareness of being observed (Hawthorne effect). Literature
shows that little can be securely known about the conditions
under which behaviors operate, their mechanisms of effects, or
their magnitudes (McCambridge et al., 2014). So, the fact that this
was a long study (eight weeks) and that everything was held in the
normal school program with the participation of the CS teacher,
ensures that this bias is reduced. Finally, it is expected that the
year 2021–2022 all students will graduate the high school.

Design and Materials
In our experimental research (Figure 2), three students’ groups
where formed. Group A consisted of 57 students (29 males and
28 females) and used the Scratch programming environment
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FIGURE 2 | The design of this study.

TABLE 1 | The 8-week workshop process followed.

Week Activities

Week 1 Present programming environments and experiment

Weeks 2–3 Experience the programming tools with curriculum

worksheets and exercises

Weeks 4–7 Design and develop games with teacher guidance (following

the process of Table 2)

Week 8 Share games by presenting them to their classmates

for creating games. Next, Group B with 51 students (24 males
and 27 females), used App Inventor to create mobile games.
Finally, the third group, Group C, consisted of 55 students
(34 males and 21 females) and experienced Alice 3D, to create
interactive stories-games.

All the programming environments are introductory
in programming education and are designed to prevent
programming errors common to beginners (e.g., syntax errors).
Therefore, instead of typing commands they are based on blocks.
All are part of the compulsory Greek secondary programming
education (it depends on the instructor), in different age-
groups. Scratch is used widely between K-7 to K-9 grades,
while App Inventor and Alice are part of the K-10 grade. Every
participating student in this study had some prior experience
with Scratch.

This between-subjects research was conducted during the first
semester of the 2019–2020 school year, before the pandemic
of COVID-19 and lasted eight weeks, as shown on Table 1.
As already mentioned, each group experienced a different
programming environment in order to create games, however
by the time we collected the post activity questionnaires (a year
later), all students had experienced all the 3 programming tools.

Table 2 gives a summary of the five-step game design
process followed at this study (students had to design games to
learn programming).

The games had both designing and coding parts. Regarding
the games’ graphics students were able to use cc images form the

TABLE 2 | Game development process followed.

Stages Description of game design activities

Discover Explore game types/resources and see previous games

made by others in each programming environment

Design Design game characters and story, create or combine

graphics to create game sprites and backdrops

Develop Give life to the designs, program sprites/components/objects

and behaviors

Debug Playtest the game, fix bugs, add elements and improve the

quality of gameplay

Deliver Present game to classmates and get feedback

web. They worked in groups, and they were free to work and
create a game as they wanted. At the regular weekly workshops,
students reported on any problems that they encountered, and
they could receive immediate feedback from their peers or from
the CS teacher.

Data Collection and Measures
There were four instruments used in the present study including,
pre- and post-activity questionnaires.

Pre-questionnaire—Programming Experience
At the beginning of the workshops, participants filled a
basic questionnaire including demographic questions and
past exposure to programming. Then students completed
two validated surveys to reveal their personality preferences,
as follows:

Personality—Cognitive Style
We used the short version Myers and Briggs Type Indicator
(MBTI) to identify basic personality aspects of the participants.
With 20 questions, the tool allows the identification of
cognitive preferences (how people prefer to receive and process
information) in four dimensions:
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TABLE 3 | Post-questionnaire Variables.

Item Description Coding References

1 The programming environment was easy to use EOU Adams et al. (1992)

2 I feel confident that I acquired/learned basic programming skills?/concepts COL Theodoropoulos et al. (2017)

3 Which programming tool/environment do you like most? LIK Lee et al. (2009)

4 Which programming tool/environment is better for learning? LEA Lee et al. (2009)

5 What emotions do you have when you think back on the workshops experience?

HAP for Happiness, HOP for Hope, PRI for Pride, REL for Relief, ANG for Anger,

DIS for Discomfort, ANX for Anxiety and SHA for Shame

EMO Frommel et al. (2018)

6 I play regular videogames GAF Theodoropoulos et al. (2017)

• Extraversion-Introversion (E-I), whether people focus more
on others or on themselves,

• Sensing-Intuition (S-N), how people collect information,
• Thinking-Feeling (T-F), how people make decisions and
• Judging-Perceiving (J-P), how people organize their

environment in order to make quick decisions.

MBTI is very popular in applied settings (Capraro and Capraro,
2002) and when compared to the construct of Big Five, there
are strong correlations between its dimensions that support the
validity and reliability of the tool (Furnham, 1996). In addition,
MBTI has been successfully used in the past with children and
has shown clear cognitive preferences in regards to programming
(Theodoropoulos et al., 2017).

Personality—Emotional Intelligence
The Emotional Intelligence Questionnaire (Petrides et al., 2006)
as a Personality Trait-short version (TEIQue-sf) is based on
the detailed form of TEI-Que and consists of 30 closed-ended
questions. Students were asked to choose an answer through
a t-scale Likert. Then, the sum of the scores of their answers
(maximum sum = 210, minimum sum = 30) are an indicator
of their general EQ as a component of their personality. The
TEIQue-sf questionnaire reveals four factors that evaluate the
following characteristics:

• well-being,
• self-control,
• emotionality and
• sociability.

The four sub-factors can take values from 1 to 7, with
higher values indicating well-being, self-control, emotionality,
and sociability.

Post-questionnaire—Learning Experience and

Emotions
Our analysis investigates the longitudinal effects of the
programming environments (independent variables) in students’
perceptions about, usability, learning experience, emotions
regarding the workshop’ s life (dependent variables). Emotions
were coded in four positive items and four negative items. The
questions used in the post activity questionnaire are presented in
Table 3.

Students’ Performance Data
For students’ performance, we used the school’s data in order to
measure cognition. We adopted their CS course grade and their
overall grade, from 2019–2020 school year.

Data Analysis
Being a between-subjects design and having different participants
in each group, the current study fulfilled the independence of
observations assumption. In addition, the independent variable
consisted of three independent experimental groups and by using
Likert scales we obtained ordinal data. All these factors lead to the
use of One-Way ANOVAs for statistical analysis. Furthermore,
and although the sample was adequate (more than 20 cases
in each shell), we cannot assume normality. For this reason,
together with One Way ANOVAs we also run non-parametric
tests, i.e., Kruskal Wallis tests to increase the reliability of our
results in case parametric validity conditions were not met.
Except for the data provided by the questionnaires, our study
gathered information from observations of the researcher and
the teacher. This information provided a way to interpret and
validate the results.

RESULTS

RQ1: Gender, programming environments and games.
To examine any possible gender differences in regard to the

programming environments, an ANOVA test was performed.
The results showed no significant difference between boys and
girls, F(1,47) = 2.52, p = 0.28. In gender preferences again,
the One-way ANOVA test showed that there was a statistically
significant difference in the boys from the Alice group, who
found the programming tool difficult, F(2,74) = 7.369, p = 0.001.
Moreover, App Inventor and Alice seem to cause anxiety F(2,74)
= 0.137, p = 0.051 to boys while Alice made boys feel anger
F(2,74) = 0.13, p = 0.063. Girls found Scratch better for learning
F(2,65) = 0.317, p= 0.028, App Inventor second better and ALICE
worst for learning. Males found Scratch easy to use and Alice
second best.

RQ2: Cognitive style, programming environments and games.
Figure 3 presents the frequencies between the three groups

and the students’ cognitive style (MBTI).
For the cognitive styles, the Kruskal-Wallis H test showed that

there was a statistically significant difference with extraverts who
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FIGURE 3 | Gender and cognitive styles (MBTI) per group.

found App Inventor easy to use χ
2(2) = 6.585, p = 0.014, with

a mean rank score of 49.00 for Scratch, 44.06 for App inventor
and 36.69 for Alice. Introverts also reported low anxiety for App
Inventor and Alice., χ2(2) = 5.314, p = 0.035, with a mean rank
score of 47.32 for Scratch, 37.06 for App inventor and 24.29
for Alice. Lastly, introverts, thinkers, feelers and judgers found
Scratch easy to use while sensors found Alice easy to use.

RQ3: EQ, programming environments and games.
Figure 4 presents the frequencies between the three groups

and the students’ EQ from Table 4 it appears that the 4 factors of
children’s EQ are developed. The Kruskal-Wallis H test showed
that students with low self-control found Scratch easy to use
χ
2(2) = 6.545, p = 0.011, with a mean rank score of 48.03 for

Scratch, 24.02 for App inventor and 26.44 for Alice.
Similarly, students with low well-being found Scratch easy

to use. Those with low emotionality and low sociability found
Scratch easy to use.

Moreover, Figure 5 presents students works from the three
programming tools (screenshots from the games and part of the
block-based coding).

RQ4: Long-term effects, programming environments
and students’ perceptions about, usability, learning
experience, emotions.

General, most students find Scratch the easiest to use
environment between the three (Mean = 4.19, SD = 0.86),
while second comes App inventor. Moreover, they believe that
they can learn/acquire basic programming skills from all the
environments almost equally. On the contrast, in the question
“which programming tool/environment do you like most” (LIK),
the majority of 60.7% reported App Inventor, with Alice coming
next with 24.1% and finally Scratch with 15.2%. Concerning the
perception of learning between the three environments (LEA),
App Inventor got the 51%, Scratch 35.2% and Alice the 13.8%.

Regarding their emotion (Figure 6), students did not report
strong emotions, but most reported happy about bringing in
mind the workshops period (n= 102), (see also Table 5).

Finally, regarding their performance, all three groups showed
high similarity in their performance rate (Group A: M1 = 14.36,
SD1 = 4.44; Group B: M2 = 13.48, SD2 = 5.34; Group C: M3 =

14.12, SD3= 4.26).
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FIGURE 4 | Gender and emotional profiles (EQ) per group.

TABLE 4 | EQ profiles.

Emotional

Well-being Self-control Emotionality Sociability

High Low High Low High Low High Low

74 89 74 89 74 89 82 81

Std. Dev 1,01 0,94 0,92 1,05

Mean 4,49 4,91 4,42 5,21

DISCUSSION—GUIDELINES FOR
DESIGNING GAMES IN SCHOOL

RQ1: Gender, programming environments and games.
In this study, most students seem to agree that Scratch is

the easiest of the three programming learning environments
for creating games. However, we found some different gender
preferences regarding Scratch. Girls found it better for learning,
whereas boys reported that it was easier to use. App Inventor

seems to work well across genders. All students seemed to like
it, since they could make games for their mobile phones. In
addition, females also explicitly reported that App Inventor was
a good learning tool. Girls, however, report that Alice is worse
for learning, compared to the other two learning environments.
This finding does not come in align with previous work (Kelleher
et al., 2007), where Alice motivates girls to learn programming.
However, in this study the tool was compared with the Alice
without storytelling support. App Inventor seems to be widely
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FIGURE 5 | Students works in (A) Scratch, (B) App Inventor and (C) Alice.

FIGURE 6 | Students’ emotions about the gaming workshops after one school year.

accepted by students and we would recommend its use to
instructors, after a programming introduction with Scratch, in
align with (Papadakis et al., 2014).

RQ2: Cognitive style, programming environments and games.
We observed significant results with regards to participants

cognitive style and Scratch’ s usability. Introverts, Thinkers,
Feelers and Judgers explicitly mentioned that Scratch was easy to
use. Furthermore, most students foundAlice difficult to use, apart
from Sensors and Extraverts that also reported low anxiety levels
(who found it easy to use). Therefore, with the exception of two

cognitive styles, Extraverts and Sensors, Alice troubled students
and we recommend caution in its use. Instructors should proceed
with Alice keeping in mind that students might need more time,
encouragement, and explanation. App Inventor seems to work
well across cognitive styles. Only mild anxiety was reported
by boys, although extraverts seem to report particularly low
levels of anxiety with it and ease of use. Personality models and
programming education need further research (Li et al., 2018),
since as the present study shows, there are significant correlations
that should be taken into account. Barroso et al. (2019) found
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TABLE 5 | Summary of measurements.

Item Constructs Coding Mean SD

1 Ease of Use EOU 4.19 0.868

2 Confidence for Learning COL 4.26 0.808

3 Programming tool preference LIK 2.09 0.623

4 Programming tool learning LEA 1.79 0.669

5 Emotions EMO-HAP 0.90 0.306

6 EMO-HOP 0.06 0.242

7 EMO-PRI 0.03 0.164

7 EMO-REL 0.02 0.143

8 EMO-ANG 0.05 0.214

10 EMO-DIS −10.33 30.45

11 EMO-ANX 0.03 0.164

12 EMO-SHA 0.00 0.000

13 Game-playing frequency GAF 4.01 0.920

that personality traits influence quality of software developed by
students and that might be the case when creating games also.

RQ3: EQ, programming environments and games.
Similarly, participants with different EQ types seemed to

prefer Scratch and finding it easy to use, like students with
low self-control, low well-being, low emotionality, and low
sociability. This is a very important finding since students
with more vulnerable emotional characteristics find Scratch
easier to use. Keeping this in mind, instructors could approach
programming learning with Scratch to boost confidence in
more emotionally vulnerable individuals. Thus, Scratch is
recommended as a good starting environment for all students
and once confidence levels are built, then instructors could
proceed with other programming learning environments. App
Inventor seems to work well across emotional styles. The effects
of trait EQ on students’ performance and related variables across
education seem very important (Petrides et al., 2018) and also
need further investigation.

RQ4: Long-term effects, programming environments
and students’ perceptions about, usability, learning
experience, emotions.

Although students seemed to be happy with their
programming experience and did not report strong negative
emotions one year later, the use of Alice raises some concerns
Figure 6. There are some gender preferences regarding
the use of Alice and boys seem to report more negative
emotions like anxiety and even anger. In any case, emotions
are important in educational settings especially when dealing
with technology and even more when creating software like
games. Previous work shows that girls were happy when engaged
with technology through creative development programming
activities (Giannakos et al., 2014). Game-design is a creative
process and has the potential to engage students, so carefully
designed activities can have both motivating and learning results.

As a bottom line, in terms of general usage between the
three programming tools of this work, Scratch seems to be the
most appropriate for teaching younger students. App Inventor
is possibly more appropriate for a more official introduction

to programming and giving “tangible” results (e.g. games in
students’ mobile), while Alice may fit better when the aim is the
transition into a conventional language.

Limitations and Future Work
Our work was conducted within formal learning settings with
three different programming tools. Given the novelty of the
study, we did not aim to measure participants’ learning gains.
However, this factor may limit the scope of a study that focuses
on learning. For example, MBTI is not used to assess cognition
as such. It is used to measure individuals’ preferences and
is not suitable for evaluating actual cognition. In a future
follow up work, we will use a formal cognitive test to measure
cognition and/or access students’ games with a gaming rubric.
So, we will expand this research design to align with the
current curriculum learning aims and measure learning gains
and efficacy.

Moreover, psychometric tools like MBTI have received
criticism regarding their validity (Boyle, 1995), and caution
is recommended for their use (Tzeng et al., 1984). Thus, the
present work wishes to show that one teaching style and a single
programming learning approach does not fit all. Additionally,
although the behavior tools and personality tests that we used in
our study are valid and reliable, maybe some students did not
give appropriate responses, and this could affect the reliability
of the results. However, the sample in our study counterpoises
this possible issue. Moreover, a threat to the external validity of
our experiment was the single use of school students with limited
programming skills and experience. To mitigate this threat, we
will proceed in our future work with older students with better
programming skills and experience.

Finally, this study, necessarily and pragmatically focus on
a discrete aspect of the learning process, as experimental
approaches demand. Curriculum matters are briefly discussed
as part of setting context. However there is limited critical
reflection on the relationship between the wider curriculum and
this study’s intervention (the game-design workshops). Due to
the nature of our workshops only students were recruited. In a
future study we aim to develop a co-design workshop with K-12
schoolteachers to enhance both the learning and teaching effects
in the educational settings.

CONCLUSION

The current work is among the very few that focus on personality
aspects of school students and programming preferences through
designing games. It reveals that different personalities have
different preferences and learning needs and wishes to show that
one teaching style and a single programming learning approach
does not fit all. We want to raise awareness of personalization
of instruction based on the specific cognitive and emotional
styles. In this light, programming learning environments, for
designing games and especially as a part of a curriculum to
which a vast number of children is exposed, need to be better
understood in terms of student preferences and needs. We also
revealed the need for better instructor guidelines and clear steps
when designing games in order to learn programming. Based
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on the perceived difficulty and complexity of use of the learning
environments, we suggest that Scratch should be used first, then
App Inventor and finally Alice. In addition, students with more
vulnerable emotional profiles need careful handling and possibly
better assistance when they are exposed to environments like
Alice. Thus, the present work points out some student differences
and the need to research further this area, in order to maximize
learning benefits.
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