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The gender gap in Computer Science (CS) is widely documented worldwide. Only a

few studies, however, have investigated whether and how gender differences manifest

early in the learning of computing, at the beginning of primary school. Coding, seen as

an element of Computational Thinking, has entered the curriculum of primary school

education in several countries. As the early years of primary education happen before

gender stereotypes in CS are expected to be fully endorsed, the opportunity to learn

coding for boys and girls at that age might in principle help reduce the gender gap later

observed in CS education. Prior research findings however suggest that an advantage for

boys in coding tasks may begin to emerge already since preschool or the early grades

of primary education. In the present study we explored whether the coding abilities of

1st graders, at their first experience with coding, are affected by gender differences,

and whether their presence associates with gender differences in executive functions

(EF), i.e., response inhibition and planning skills. Earlier research has shown strong

association between children’s coding abilities and their EF, as well as the existence

of gender differences in the maturation of response inhibition and planning skills, but

with an advantage for girls. In this work we assessed the coding skills and response

inhibition and planning skills of 109 Italian first graders, 45 girls and 64 boys, before an

introductory coding course (pretest), when the children had no prior experience of coding.

We then repeated the assessment after the introductory coding course (posttest). No

statistically significant difference between girls and boys emerged at the pretest, whereas

an advantage in coding appeared for boys at the posttest. Mediation analyses carried

out to test the hypothesis of a mediation role of EF on gender differences in coding show

that the gender differences in coding were not mediated by the children’s EF (response

inhibition or planning). These results suggest that other factors must be accounted for

to explain this phenomenon. The different engagement of boys and girls in the coding

activities, and/or other motivational and sociocognitive variables, should be explored in

future studies.
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INTRODUCTION

With gender differences, or gap, in Science, Technology,
Engineering, and Mathematics (STEM) researchers refer to
the disparity between boys and girls, or men and women,
in performance, achievements, interests or beliefs in the
STEM domains. As these gender disparities lead to an
underrepresentation of women in higher STEM education
and careers (Wang and Degol, 2017), their emergence is
considered of high theoretical and practical (societal) relevance.
Gender differences in STEM have been addressed extensively
from secondary school onwards (Fisher and Margolis, 2003;
Zweben and Aspray, 2004; Frieze, 2005; Anderson et al., 2008;
Maloney et al., 2012; Spearman and Watt, 2013; Beyer, 2014;
Charles et al., 2014; Charlesworth and Banaji, 2019; Alonso
et al., 2021; Gnambs, 2021). Comparatively less studies, instead,
have investigated the emergence of early gender differences in
preschool or elementary school (e.g., Cvencek et al., 2011; Aesaert
and van Braak, 2015; Kersey et al., 2018; Master et al., 2021).
In this paper we address this particular angle of the problem,
considering the emergence of gender-ability differences in the
learning of coding and programming at school entrance, in
grade one.

Researchers have offered two main explanations to the
emergence of gender differences in STEM. The first explanation
maintains that the gender gap originates from (innate) sex-
differences in the cognitive abilities underpinning performance
in STEM (Halpern and LaMay, 2000; Miller and Halpern,
2014; Girelli, 2022). Sex-related differences in cognitive abilities
underpinning performance in STEM are indeed reported in
some studies (Halpern and LaMay, 2000; Maloney et al.,
2012; Miller and Halpern, 2014). These gender disparities
can determine differences in students’ achievements (Maloney
et al., 2012) and consequently affect motivation for the pursuit
of studies and careers in STEM (Wang and Degol, 2017).
The second explanation has it that the gender gap originates
from sociocultural factors, such as inequalities in the social
and educational systems, and gender role stereotypes that
determine explicit and implicit biases of boys and girls in
how they perceive and evaluate their and others’ performance
and abilities in STEM (Charlesworth and Banaji, 2019; Girelli,
2022). For instance, exposure to role models, prior experiences
with STEM and the expectations of others (e.g., parents) can
contribute to the emergence of biased explicit and implicit
(i.e., less conscious) beliefs on boys and girls abilities in
STEM, which can influence individuals’ behaviors, performance
and learning experience (Miller and Halpern, 2014; Flore and
Wicherts, 2015; Master et al., 2017; Charlesworth and Banaji,
2019), with possible long-lasting effects on girls’ motivation to
pursue studies or careers in the STEM domain (Charlesworth
and Banaji, 2019). Master et al. (2021), for example, show
how the stereotype that girls have lower interest in CS and
Engineering than boys can cause gender disparities in motivation
for CS education and in engaging in novel activities in
this field. This link between stereotypes and interest in CS
persists throughout high school, an age at which students
typically make choices about their higher education. Thus,

early elementary school can be a critical period to introduce
children to counter-stereotypical examples, before stereotypes are
firmly endorsed.

Recently, neuroscientific research has suggested that
gender-related ability differences are actually the product of
biopsychosocial interactions between biological predispositions
and sociocultural experience (Miller and Halpern, 2014;
Wierenga et al., 2019). In that interpretation, sex-differences in
brain maturation can interact with sociocultural factors such
as children’s experiences, determining differences in cognitive
performance in specific domains, like in language or spatial tasks
(Miller and Halpern, 2014; Wierenga et al., 2019). These relative
cognitive strengths or weaknesses may in turn affect students’
perception to be able to perform STEM tasks and mediate the
relationship between gender and task anxiety (Maloney et al.,
2012), with possible consequences on students’ motivation
toward STEM.

Research shows that gender differences in basic cognitive skills
underpinning STEM achievement can be observed from early
childhood (Wang and Degol, 2017). However, as STEM gender-
related stereotypes develop from children’s experience of STEM
activities and role models, they may emerge at a different age
in different domains, depending on children’s opportunity to
be exposed to those activities and models. For instance, gender
stereotypes on science and scientists do not seem to emerge
before late primary school, because formal science instruction
is sporadic in early grades of it (Miller et al., 2018). Likewise,
gender-interest stereotypes about Engineering being more suited
for boys are evident from grade 1, whereas in CS children seem
to endorse gender-interest stereotypes only later, from grade 3
(Master et al., 2021).

All along child development, various sociocultural effects,
among which the influence of stereotypes, may thus cause
gender differences in STEM to appear that are not simply
intrinsically sex-related, or associated to original predispositions.
Master (2021) observe that gender stereotypes channeled via
membership in social groups influence children’s interest and
motivation toward CS, their ability beliefs and their sense of
belonging, which are prodromic to task avoidance and failure
in STEM disciplines. As such effects may cause considerable
distortion in the child’s learning experience, it is important to
examine the emergence of gender differences at early ages, when
gender-ability stereotypes, i.e., the belief that boys are better at
performing certain tasks than girls, are not yet strongly endorsed
by children.

Gender Differences in STEM
Studies exploring gender differences in STEM achievements
show that they are most frequently observed in older students.
Investigating the acquisition of mathematical abilities, Kersey
et al. (2018) reports that boys and girls from 6 months to 8
years do not differ in early mathematical abilities. Stoet and
Geary (2013) find them instead in favor of boys, at older
age ranges, among higher-performing 15-year-old students. The
latter finding seems to correlate with the observation that a
lowering of self-efficacy beliefs in mathematics by girls and a
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parallel increase in boys occur between the fourth and the ninth
grades (Reilly et al., 2019; Mejía-Rodríguez et al., 2020).

As noted, only a few studies address the issue of gender
differences in CS as yet, in spite of the fact that women are
extremely underrepresented in it, for education and career
(Schmidt, 2011; Beyer, 2014; Denner et al., 2014; UNESCO,
2017). A widespread belief has it that male students have
greater natural inclination to and ability with Information and
Communication Technology, ICT (Jackson et al., 2008). This
conjecture aligns with a meta-analysis in Cai et al. (2017), which
shows boys in the age range between secondary school and
college to have higher self-efficacy in ICT and more positive
attitudes toward it than peer girls. These findings, however,
measure bias-susceptible self-perception instead of actual skills:
they may be predictive of attitude, but not of actual performance
(Honicke and Broadbent, 2016). Moreover, those studies address
a population of higher-education students likely exposed to well-
structured and robust gender stereotypes. In younger children,
these strong self-beliefs and gender-ability stereotypesmay be not
yet fully formed (Master et al., 2021). Although young children
(from kindergarten to second grade education) already begin
to form opinions about which technologies and tools would
be better suited for boys and girls, gender attitudes toward
technologies are still mild at this age (Sullivan and Bers, 2016).
For instance, Master et al. (2017) report that children as young
as 6 years already hold emergent gender stereotypes regarding
computing, believing that boys should be more interested and
better at coding and robotics than girls. The latter (gender-ability)
beliefs however are less strong than the former (gender-interest)
stereotypes (Master et al., 2021), and their effects on children’s
performance likely depend on children’s prior experiences with
digital technologies and coding (Gerson et al., 2022). Other
findings seem to support the hypothesis of lesser influence of
gender stereotypes in ICT activities at an early age. Aesaert
and van Braak (2015) report primary school girls to have better
technical ICT skills and higher-order ICT competences than
boys. A subsequent meta-analysis corroborates that view by
reporting girl-favoring gender differences in ICT literacy, with
effect sizes larger in primary than secondary schools (Siddiq and
Scherer, 2019).

Gender Differences in Computational
Thinking
Few studies zoom from broad ICT into the specifics of CS. When
they do, they look for gender differences in coding as part of
Computational Thinking (CT) activities. CT is a set of thinking
skills, precursor of CS education, generally understood to
comprise four constituents: (1) problem analysis via abstraction
and decomposition, to distill core patterns from the original
problem, to break it into smaller parts and systematically tackle
each of them; (2) algorithmic thinking, to enable the development
of predefined re-usable executable procedural tools for solving
the given problem and classes of them; (3) evaluation of the
outcomes of the solution plan, correcting it where it fails (also
known as debugging), feeding all of that into (4) generalization,
to lift problem-solving methods and solutions to application

to similar problems (Wing, 2006; Resnick et al., 2009; Roman-
Gonzalez et al., 2017; Shute et al., 2017; Yasar, 2017; Nardelli,
2019). Coding is a concrete way of practicing CT skills that
consists in generating instructions (program’s code) in a way
that yields executable plans, whose effect to the problem can be
empirically ascertained.

The studies that explored gender-related differences in CT
or coding have produced contrasting findings. A study by
Kožuh et al. (2018) reports finding no gender differences in
problem solving skills involved in programming for fourth to
sixth graders. Similarly, Papavlasopoulou et al. (2020), who
used eye-tracking measures to assess the performance during
coding workshops of 8- to 17-year-old students new to coding,
a larger age range than Kožuh et al. (2018)’s study, report
finding no statistically significant difference in gaze behaviors or
learning gains between boys and girls. However, some qualitative
gender-related differences emerged between girls and boys in the
strategies used and in the perceptions of the coding activities.
Price and Price-Mohr (2021), who explored the performance
of 32 children between 10- and 11-year-old in an exercise
aimed at animating stories with text-based coding, do not find
gender differences in the process of coding or in the quality of
the produced animations. Jiang and Wong (2021), find gender
differences to be insignificant across fourth to sixth graders in the
approach to conditionals, logical operators, pattern recognition,
and generalization.

Other studies, involving older, fifth to tenth grade, students
(Roman-Gonzalez et al., 2017; Statter and Armoni, 2017) have
found significant gender differences in coding, although their
findings are inconsistent regarding the direction of the gender
effect. Statter and Armoni (2017) report results on seventh-grade
students showing some advantage for girls in the learning of CS
abstraction, and a greater effect of a learning intervention on
girls, causing girls to regard CS as more than just programming,
which boys did not. Conversely, Roman-Gonzalez et al. (2017)
found a significant difference in CT tasks in favor of boys, with
statistically significant differences emerging from grade 7, and
a further increase of the gender gap between girls and boys in
older, ninth to tenth grade, students. Also Yücel and Rizvanoglu
(2019) found gender differences in coding among 11- to 14-
year-old students, observing that they were associated with girls’
lower self-confidence in performing the coding task and greater
perception of task difficulty in comparison with boys. However,
even in older, 14 to 19-year-old, high school students, gender
differences in performance on coding tasks do not always emerge
(Lau and Yuen, 2009).

As exposure to digital technologies and coding may
significantly affect gender differences in perception, beliefs and
motivations toward it (Master et al., 2017; Gerson et al., 2022),
assessing children’s coding skills as early as their first experience
with coding becomes especially important. A recent systematic
review (Bati, 2022) of experimental evidence on programming
(i.e., coding applied to the creation of true computer programs),
and CT in early childhood education, found that girls and boys
from 3 to 5 years perform similarly in them.

To the best of our knowledge, however, only two studies have
explored gender differences in CT and coding among children
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(4–7 years) exposed to it for the first time (Sullivan and Bers,
2013, 2016). Both studies report finding significant gender effects
in favor of boys. The former study (Sullivan and Bers, 2013)
found kindergarten boys to be better than girls in CT activities
involving building with roboticmaterials. The latter (Sullivan and
Bers, 2016), which focused on children aged 4 to 7 years, found
similar performance across boys and girls in CT tasks involving
basic coding skills, but a significantly better performance of boys
in the use of more advanced coding constructs, such as repeat
loops dependent on sensor readings.

A possible interpretation of these findings is that explicit or
implicit gender stereotypes may affect actual performance even
at a young age (Steele, 1997; Spencer et al., 1999). An alternative
hypothesis, tested in this study, is that gender differences at this
young age are the result of other influences, such as differences
in the cognitive skills that underpin coding and perhaps CT in
general (Halpern and LaMay, 2000; Miller and Halpern, 2014;
Grissom and Reyes, 2019). As noted earlier, in young children
approaching coding for the first time, gender stereotypes are
not yet fully structured or endorsed and, if present, they have
most likely mild effects (Martin et al., 1990; Sullivan and Bers,
2016). Thus, if gender differences in CT are observed at this
early age, other (e.g., cognitive) factors could account for such
differences. Our study tests this particular hypothesis, which was
not explored in the cited works by Sullivan and Bers (2016).
Where Sullivan and Bers (2016) use robotics on the grounds of
it giving a playful and engaging touch to the learning ground,
in the study presented in this paper we used the Code.org
platform under similar premises. Much like Sullivan and Bers,
we looked at whether the coding abilities of young (first-grade)
children, all novice to coding, are affected by gender differences.
The additional angle we brought into this study is to determine
whether any such emerging gender differences associate with
gender differences in children’s executive functioning (EF), in
particular planning and response inhibition, cognitive abilities
closely related to problem-solving and CT (Arfé et al., 2019,
2020).

Gender Differences in Executive
Functioning
To date, the hypothesis that gender differences in coding, where
they occur, can be mediated by gender differences in EF has
not been tested yet. Executive functioning involves cognitive
abilities used by individuals to focus on task, override automatic
or impulsive responses and organize their behavior toward a
goal. EF include response inhibition skills, working memory,
switching, or the ability to flexibly adapt to different tasks, and
more complex abilities like planning, which are involved in goal-
directed behaviors and problem-solving (Miyake et al., 2000;
Zelazo et al., 2003; Diamond, 2013; Viterbori et al., 2017). As
noted earlier, coding tasks involve problem-solving processes
that make significant demands on several levels of EF, including
response inhibition, workingmemory (Shute et al., 2017; Di Lieto
et al., 2020), and planning (Arfé et al., 2019, 2020).

When CT skills are practiced, the cited EF processes are also
set in motion. Besides showing a strong association between

coding abilities and first graders’ planning skills (Arfé et al.,
2019, 2020), between 5- and 6-year-old children’s coding abilities
and response inhibition (Arfé et al., 2019, 2020; Di Lieto et al.,
2020), and between 5- and 6-year-old children’s coding abilities
and working memory (Di Lieto et al., 2020), prior research has
also shown the existence of gender differences in the maturation
of EF (Unterrainer et al., 2013; Grissom and Reyes, 2019;
Wierenga et al., 2019). Although gender differences in executive
functioning are not overwhelming (Grissom and Reyes, 2019),
they are indeed observed in some domains, such as response
inhibition and control over impulsive responses. For instance,
males are found to be more impulsive and have more reduced
reaction times than female (Grissom and Reyes, 2019). Inhibition
and impulse control seem to mature earlier in girls than in boys.
Indeed, between the age of 3 and 5, girls are reported to have
better inhibition skills. Boys seem to catch up with girls only
later, around the age of 6 (Klenberg et al., 2001). There also is
empirical evidence that girls show better planning skills than
boys during preschool years (Unterrainer et al., 2013) as well
as that this advantage is maintained also during school years
(Warrick and Naglieri, 1993; Naglieri and Rojahn, 2001). In a
large-scale study involving 2,200 participants aged 5–7 to 11–
17 years, Naglieri and Rojahn (2001) have shown a consistent
advantage in planning skills for girls over boys across those
age groups. The seemingly faster maturation of inhibition and
planning in girls is of particular interest, as the ability to inhibit
impulsive responses is an important prerequisite to an analytic
approach to problem solving, and thus, by extension, to coding
tasks. Likewise, planning is a core component skill of algorithmic
thinking (the ability to define a sequence of steps to get to
an objective) (Arfé et al., 2019, 2020). The existence of gender
differences favoring girls in response inhibition and planning
from as early as 5–6 years of age would cause expecting advantage
for girls over boys to emerge also in the coding tasks that
involve algorithmic thinking. Notably, this expectation goes in
an opposite direction to what found by Sullivan and Bers (2016).

The Study
The study presented in this paper explored the manifestation
of gender differences in coding in young (5–7 year-old)
children exposed to coding for the first time (goal 1), assessing
whether any such observed differences were mediated by gender
differences in planning or response inhibition, measured by
standardized planning and inhibition tests (goal 2). Based on
prior studies that demonstrate an association between coding
skills and children’s inhibition and planning abilities, we regarded
inhibition and planning abilities as a potential mediator of the
effects of gender on coding skills.

METHOD

Participants
One-hundred and nine first-graders aged from 5 to 7 years from
schools located in northern Italy were enrolled in the study (45
girls, 41%, and 64 boys, 59%). Children had no prior experience
with coding. They all took part in one-month introductory course
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TABLE 1 | Gender differences in age, SES (means, standard deviations, and

t-test), and use of digital devices (Chi-square test).

Girls Boys

(n = 45) (n = 64)

Variable M SD M SD t χ
2 p

Age 6 0.48 6.05 0.41 −0.55 0.59

SES 5.87 1.57 5.58 1.41 1.00 0.32

Computer 0.64 0.42

Tablet 0.05 0.81

Smartphone 0.73 0.39

to coding at the beginning of the school year, as part of a larger
research project (Arfé et al., 2020).

The mean age of participants in this study was 6.00
for girls and 6.05 for boys. None of the participants had
certified developmental disabilities or attentional problems.
Demographic data are reported separately for girls and boys
in Table 1. As children’s prior exposure to digital technologies
and parents’ socioeconomic status can be associated to
the development of coding abilities in children (Chiazzese
et al., 2017; Gerson et al., 2022), these two factors were
considered in this study. To assess such factors we used a
short socio-demographic questionnaire that children’s parents
returned with written informed consent to participation in
the study.

Socioeconomic status (SES): Children’s socioeconomic status
was estimated based on the level of education of the child’s
parents (both mother and father), on a scale from 0 (less than
primary school) to 4 (college or above), and on the level of
parents’ occupation, from 1 (unemployed) to 4 (professional
roles). A composite score was calculated as the non-weighed sum
of the highest education and occupation score obtained by either
parent (mother or father), with maximum score 8.

Familiarity with technology: This indicator was gauged by
asking parents about children’s daily use of personal computer,
smartphone, or tablet devices in their home environment. The
number of girls and boys that were reported to make daily of any
such device was computed and compared by chi-square analyses.

The study was approved by the Ethical Committee
of the Department of Developmental Psychology at the
authors’ institution.

Study Design
Following Sullivan and Bers (2016), in this paper we examined
children’s ability to code at their first approach with coding, i.e.,
after an introductory course to coding at the beginning of grade
one. Children’s planning and inhibition skills were also assessed,
and their mediation role in explaining gender differences in
coding was tested. Coding, planning and response inhibition
abilities were examined both before (time 1, T1) and after (time 2,
T2) the coding course. This allowed to ascertain whether gender
differences in coding or EF were present at any of thosemoments.

Procedure and Materials
Coding Introductory Course
At the start of the school year all participants received a 1-
month introductory course to coding through a selected choice
of coding games from Code.org (https://code.org/). The coding
environment and tasks proposed by the Code.org platform
propose visual block-based programming tasks for beginners.
Individual children write their code on that platform by moving
code blocks from a toolbox panel into a programming panel,
to generate code sequences (programs) whose execution should
achieve predefined results. All coding games in Code.org involve
the use of coding blocks to instruct a sprite (angry bird, bee,
zombie) so that they can reach a target or perform expected
actions. Visual and textual informative feedback is provided
at every execution in order that children can easily monitor
their progress on the screen. Likewise, programming errors are
immediately visible to the child. The target not being reached
manifests by the sprite crashing against a wall or failing to find
a route to the target (see Figure 1). Children were progressively
introduced to coding blocks of increasing logical difficulty, for
example, from simple sequences to repetitions (loops).

Examining children’s needs is crucial to the design of effective
instructional coding activities (Ronsivalle et al., 2019). Since
our participants were unfamiliar to coding as well they were
beginning readers, the training was structured on course 1 of the
Code.org platform “Programma il Futuro”1, the most basic and
initial one. The children took part in coding lessons in the school’s
laboratory and always used a computer to carry out the assigned
exercises. Although peer-based collaborative environments are
thought to aid in the development of coding and CT skills
(Flórez et al., 2017), the results of a pilot study suggested that the
children were easily distracted by peers when working in pairs,
and that the workload was not evenly shared. Classroom activities
were thus designed to allow children to work individually at an
assigned computer post in the school’s laboratory. As children of
this age are typically more familiar to touch-screen devices than
to the use of mouse devices (Papadakis, 2021), a familiarization
lesson took place before the course began, to accustom children
to the use of themouse. During the course, children were exposed
to four main components of CT involved in coding (analysis of
the problem space; decomposing problems; algorithmic thinking;
evaluating and revising plans) and were allowed to practice
with games that involved all such components. A group of
post-graduate students (all female), trained to teach coding to
children conducted each training session in collaboration with
the first author of the study. During the lessons, the class teachers
were present but did not intervene, except if children explicitly
requested it. Postgraduate students, supported by the study’s first
author, were the same throughout the whole course. In turn,
one post-graduate student led the lesson by explaining at the

1https://programmailfuturo.it/come/primaria/vecchie-lezioni-tecnologiche/

corso-1

“Programma il futuro” is an initiative of the Ministry of Education, University and

Research (MIUR) in collaboration with the Consorzio Interuniversitario Nazionale

per l’Informatica (CINI), aimed at giving schools a series of tools to provide

students with the scientific and cultural bases of computer science.
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FIGURE 1 | Lesson 7, course 1 (https://studio.code.org/s/course1/lessons/7/levels/3?lang=en-US) .

beginning of each new exercise the objective and functions to
solve the problem. Other students supported the class and stood
ready to answer questions from the children. One student was
assigned the role of observer to point out any deflection from
the planned protocol in each lesson. Such observers checked
for example whether the support strategies were always the
same and were balanced for each child, what difficulties did
children encounter in carrying out the exercises, what function
(such as repetition loop) was the hardest to learn. Children
performed all games individually in the classroom and were
requested to signal when they completed each task, to confront
and discuss their solution. Group-wise corrections ended each
exercise. The support students used scaffolding strategies to
support children during both individual task performance and
group correction. For example, they used questions-and-hints
to stimulate children’s approach to the solution of the problem
at hand. All children received 60min bi-weekly coding lessons
for 4 weeks (eight lessons in total). Girls and boys received
the same coding lessons and practiced coding by playing the
same sequence of coding games. They took part in all coding
lessons together. Participation in the coding course was not
mandatory for children, who were free to withdraw at any time.
Table 2 reports the full lesson plan. Children’s actual liking
of coding activities was not assessed through self-reports or
systematic observations. However, all children appeared to be
actively engaged and to enjoy the proposed activities thoroughly.
No child asked to withdraw.

The data presented in this paper were collected as part of a
larger study aimed to evaluate the effects of coding on children’s
EF. Thus, neither the instructors nor the children involved in the
data collection were informed of the goal of the present study,
that is to say, they did not know that gender differences in coding
would also be assessed.

TABLE 2 | Lessons plan. Selected coding games from programma il futuro,

Course 1 (https://programmailfuturo.it/come/primaria/vecchie-lezioni-

tecnologiche/corso-1).

Coding

sessions

Course 1 Trial number Content

Session 1 Lesson 3 1, 6 Jigsaw: Drag and drop

Lesson 4 2, 5, 6, 7 Maze: Sequence

Session 2 Lesson 4 8, 10 Maze: Sequence

Lesson 5 3, 4, 5, 6, 7 Maze: Debugging

Session 3 Lesson 8 4, 5, 6, 7, 8 Artist: Sequence

Lesson 5 8, 9,10 Maze: Debugging

Session 4 Lesson 8 9, 10, 11 Artist: Sequence

Lesson 10 4, 5, 6, 7, 8 Artist: Shapes

Session 5 Lesson 13 1, 2, 3, 4 Maze: Loops

Lesson 13 5, 6, 7 Maze: Loops

Session 6 Lesson 13 8, 9, 10, 11, 12 Maze: Loops

Session 7 Lesson 14 3, 5, 6, 7, 8, 9 Bee: Loops

Session 8 Lesson 18 2, 4, 5, 6, 7 Artist: Loops

Closing

session

Classroom

discussion

What have we

learned?

Metacognitive reflection

on the goals of

computational thinking

and the meaning of

programming

Assessment of Coding, Planning and Response

Inhibition Skills
Children’s coding, planning and response inhibition skills
were assessed both before (T1) and after (T2) the coding
lessons. Coding skills were assessed thorough children’s
ability to solve four coding games on Code.org. Two
standardized neurocognitive tests, the Tower of London
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(Fancello et al., 2013), and a numerical Stroop test (Marzocchi
et al., 2010) were used to assess their general planning and
inhibition skills.

Coding Skills
Before starting the assessment, children were invited to practice
with two coding games from Code.org, under guidance by the
experimenter. The assessment started after the practice phase,
in which the child familiarized with the Code.org platform
and the mouse-based drag-and-drop mechanics necessary to
perform the coding tasks. All children were asked to solve
four coding problems individually and autonomously. To solve
each coding trial, a maximum of three attempts were allowed,
after which the trial was counted as failed. Specifically, the
assessment involved solving trials 9 (lesson 4), 2 (lesson 5),
3 (lesson 8), 4 (lesson 14) from Code.org (Course 1, Italian
platform, https://programmailfuturo.it/come/primaria/vecchie-
lezioni-tecnologiche/corso-1). Trial 9 required guiding the
Angry bird sprite to proceed in successive steps to reach a given
target. Trial 2 involved debugging. Trial 3 required placing blocks
in a sequence apt to instruct an artist sprite to draw a target
geometric shape. Trial 4 consisted of using repetition loops. All
of these exercises were of the same type as those in the coding
introductory course.

For each trial, two scores were recorded as measures of
children’s coding skills:

(1) Accuracy: a score of 2 was given if the child successfully
solved the problem at the first attempt, 1 when solving it at
the second attempt, 0 otherwise;

(2) Time spent planning: the seconds elapsed from the moment
the child was presented the trial to the moment s/he moved
the first code block (which corresponded to starting to write
the program). Time spent planning reflects the children’s
ability to plan their responses in advance and inhibit less
mature trial-and-error strategies that are typical of younger
children’s approach to problem solving (Harter, 1930).
Planning time was calculated on all trials, whether solved
successfully or not, as in standardized planning measures
(i.e., Tower of London, below). Planning time may reflect
children’s exploration of the coding platform, planning a
sequence of steps for solving the coding problem, as well as
pauses and hesitations (as, for example, holding the mouse)
during the task.

Planning Skills
Planning ability was assessed by the Tower of London test (ToL;
Luciana et al., 2009). In this study we used a version standardized
for a population aged 4–13 years (Fancello et al., 2013).

The test requires the child to reproduce a configuration of
three colored (blue, red, and green) small balls on three vertical
sticks of different heights, according to a precise set of rules
(e.g., moving one ball at a time; not holding the ball or placing
it on the table, after picking it up). The entire test consists of
12 trials of increasing difficulty. All 12 trials were presented
with no interruption criteria. As for the coding games, children’s
performance was scored for:

(1) Accuracy: each attempt was scored 1 if the child performed
the trial correctly within 1min, without breaking any rule;
0 otherwise.

(2) Planning time: counting from when the trial is shown to the
child until when s/he makes the first move.

Reliability indices for this test are 0.57 for accuracy scores and
0.71 for planning times (Fancello et al., 2013).

Response Inhibition Skills
The Numerical Stroop test of the Batteria Italiana ADHD (BIA,
Marzocchi et al., 2010) was used to assess children’s ability
to inhibit automatic responses. The Numerical Stroop test of
the BIA, standardized for children aged 6–11, assesses response
inhibition. The child is presented with a table that displays in
each cell, from left to right, a digit from 1 to 5 (e.g., the digit 5),
repeated n times (e.g., 3 times). The child is instructed to say as
quickly and accurately as possible howmany times the given digit
(in the example, “5”) is shown in the cell (in the example, “three”
times). To succeed in the task, the child must suppress automatic
digit recognition (i.e., inhibiting the automatic response “5”).
Performance is scored for:

(1) Accuracy: number of errors and self-corrections.
(2) Inhibition time: the seconds required to complete the task.

Test-retest reliability and validity are not provided by themanual.
Arfé et al. (2020) report moderate test-retest reliability of this
test for accuracy, r = 0.34, and adequate reliability for inhibition
time, r = 0.62. Concurrent validity, computed by correlating the
performance on the numerical Stroop and the NEPSY-II verbal
response inhibition subtest, is r = 0.44 for accuracy and r = 0.48
for inhibition time.

Differences between girls and boys in age and SES were
examined by independent-samples t tests. The different
distribution between girls’ and boys’ use of digital devices (daily
use of computer, smartphone, and tablet) was explored by
chi-square tests.

The data analysis was performed in three steps.

1. Independent-samples t tests were used to test gender
differences in coding, planning and response inhibition
abilities before and after the coding lessons. Statistical
significance was set as p-value < 0.05.

2. Pearson’s correlations were run to explore the association
between children’s coding, planning (i.e., performance on
the ToL), and response inhibition skills (performance on
the Stroop task) before and after the introductory course
to coding. Significant correlations between these abilities is
indeed a condition necessary for assuming a mediation effect
of children’s planning and response inhibition skills on coding
(Kraemer et al., 2008).

3. Mediation analyses were run to assess direct and indirect
gender effects on children’s coding abilities after the course
(at T2). Mediation analyses allow exploring both direct and
indirect effects of one variable (A) on another variable (B),
where indirect effects refer to the underlying mechanism
by which variable A influences variable B through a third
(C) mediator variable (MacKinnon, 2008). In the present
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study, the use of mediation models allowed testing both the

hypothesis of a direct influence of gender on children’s coding

ability (direct effect model) and the hypothesis that gender

effects on coding are mediated by children’s planning and
inhibition skills (indirect effect models).

Mediation analyses were conducted using IBM SPSS Statistics

23.0 and Hayes’ process model 4, with gender (dummy variable:
girls or boys) as predictor, planning time or accuracy in

coding after the course (T2) as criterion variables, and T2
planning time or accuracy on the Tower of London test (ToL),

and T2 response inhibition time or errors on the Stroop
test as mediators. SES and children’s performance on coding,

planning (ToL) and inhibition (Stroop) tasks before the course

(at T1) were covariates. Confidence interval for each indirect
effect was estimated considering both mediators and criterion

variables at time 1 and at time 2 (95% confidence, 5000
bootstrap samples).

To examine mediation effects, four mediation models were

tested: Models a and b, represented in Figure 2, assessed the

direct and indirect effects of gender, the predictor variable,
on children’s planning time at coding games at T2, the

outcome variable. In Model a, indirect effects were assessed

considering the mediation of planning time on the ToL. Thus,

T2 planning time on the ToL was the mediating variable (M).
In Model b, the indirect effects were assessed by considering
the mediating role of response inhibition time. Thus, T2
inhibition time on the Stroop test was the mediating variable.
Similarly, Models c and d, in Figure 3, assessed the direct and
indirect effects of gender (predictor) on children’s accuracy in
coding (outcome variable). In Model c, T2 accuracy on the
ToL was the mediating variable. In Model d, errors in the
Stroop test was the mediating variable. The covariates for all
models were SES and the children’s performance on coding,
and planning (ToL) or inhibition (Stroop) tasks at T1. This
arrangement allowed testing for the different impact of the
learning experience for boys and girls, and to control for SES-
related differences.

RESULTS

Between-group differences in age, SES, and familiarity with
technology are reported in Table 1. The t-tests and chi-square
analyses showed that the two groups were equivalent for age,
t(107) = −0.55, p = 0.59, SES, t(107) = 1.00, p = 0.32, and
familiarity with digital devices: use of computer, χ2

= 0.64, p =

FIGURE 2 | Mediation models. Gender effects on coding planning time. *p < 0.05.
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TABLE 3 | Differences between girls and boys in coding, planning, and inhibition skills at time 1 (T1, Before) and Time 2 (T2, After) the coding course.

Girls Boys

(n = 45) (n = 64)

Variable M SD M SD t p Cohen’s d

Before the coding course (T1)

Planning time coding 34.02 25.15 28.49 23.18 1.18 0.24 0.23

Accuracy coding 3.38 1.89 3.38 1.85 0.01 0.99 0.00

Planning time ToL 6.20 2.68 6.27 3.23 −0.13 0.90 −0.02

Accuracy ToL 5.38 2.74 5.77 2.75 −0.73 0.47 −0.14

Inhibition time Stroop 215.39 52.04 210.58 83.91 0.34 0.10 0.07

Inhibition errors Stroop 7.51 7.66 9.42 11.65 −0.96 0.25 −0.19

After the coding course (T2)

Planning time coding 11.44 5.02 8.82 5.28 2.60 0.01* 0.50

Accuracy coding 5.87 0.87 6.27 1.03 −2.12 0.04* −0.41

Planning time ToL 6.68 2.55 6.30 3.40 0.64 0.52 −0.12

Accuracy ToL 9.36 1.65 8.94 1.79 1.24 0.22 0.24

Inhibition time Stroop 180.26 40.65 171.20 49.97 1.00 0.70 0.19

Inhibition errors Stroop 2.00 2.34 2.39 2.44 −0.84 0.93 −0.16

*p < 0.05; Planning time coding, Seconds spent planning on the coding games; Accuracy coding, Accuracy on the coding games; Planning time ToL, Seconds spent planning on the

Tower of London test; Accuracy ToL, Accuracy on the Tower of London test; Inhibition time Stroop, Seconds required to complete the task on the Numerical Stroop test; Inhibition

errors Stroop, Number of errors and self-corrections on the Numerical Stroop test.

0.42, tablet, χ
2
= 0.05, p = 0.81, and smartphone, χ

2
= 0.73,

p= 0.39.

Between-Group Differences in Coding,
Planning and Response Inhibition
Table 3 reports the results of the between-group (girls, boys)
comparisons in coding, planning and response inhibition
abilities. After the introductory course to coding, significant
differences in coding were observed. Girls spent significantly
more time planning, t(107) = 2.60, p= 0.01. However, their results
were significantly less accurate, t(107) = −2.12, p = 0.04, than
those of boys. The effect sizes, reported in Table 3, are moderate.
The performance of the two groups in coding before the
coding course was equivalent. No significant differences emerged
between girls and boys in planning or response inhibition, neither
before nor after the coding course.

Associations Between Coding, Planning
and Inhibition Skills
The correlational analyses, reported in Table 4, revealed a
significant, although moderate, association between children’s
planning time in coding and planning time on the ToL both
before (T1) the coding course, r = 0.30, p = 0.001, and after it
(T2), r = 0.31, p = 0.001. Planning time in coding correlated
significantly with response inhibition times after the coding
course, r = 0.29, p < 0.005, but did not show significant
associations with children’s performance in response inhibition
before the course.

Accuracy scores on the coding games and the ToL were
significantly associated both before the coding course (T1), r
= 0.36, p < 0.001, and after the course (T2), r = −0.20, p
= 0.04. The negative association between planning accuracy

(ToL) and accuracy in coding at T2 indicates that after the
coding course the children with a better performance on the ToL
performed worse in coding. We shall return to this finding in the
discussion. Accuracy on the coding games correlated significantly
with inhibition errors before the course, at T1, r = –0.25, p <

0.01, and with response inhibition times after the course (T2), r
= –0.26, p < 0.01.

Mediation Analyses: Direct and Indirect
Gender Effects on Coding Skills
Although no gender-related differences in planning and response
inhibition emerged from the t-test analyses, it was still possible
that children’s planning and inhibition skills mediated the effects
of gender on coding. The hypothesized mediation relationship
was examined by testing the significance of the indirect effects of
gender on coding planning time (Models a and b) and on coding
accuracy (Models c and d) with ToL planning time or Stroop
inhibition time (Models a and b) and accuracy on the ToL or on
the Stroop test (Models c and d) as potential mediators.

The effect, whether direct or indirect, is considered significant
if the interval between the upper and lower confidence bounds
does not include zero. The four mediation models are reported
in Figures 2, 3. Table 5 reports the direct, indirect and total
model effects.

Gender Effects on Coding Planning Time
An inspection of Table 5 and of Model a, reported in Figure 2,
shows that gender has direct effects on the time spent planning
in the coding games at T2 (B = −2.21, p = 0.02). Planning time
in coding tasks before the coding course (T1) has direct effects
on children’s planning time in coding after the course (T2, B =

0.04, p = 0.06). Planning time on the ToL at T2 is predicted by

Frontiers in Psychology | www.frontiersin.org 9 September 2022 | Volume 13 | Article 887280

https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles


Montuori et al. Gender Differences in Coding

FIGURE 3 | Mediation models. Gender effects on coding accuracy. #p = 0.05; *p < 0.05.

TABLE 4 | Means, standard deviations and intercorrelations between measures before and after the coding course.

Variable Before the coding course (T1) After the coding course (T2)

1 2 3 4 5 6 1 2 3 4 5 6

1 Planning time coding 1 1

2 Accuracy coding 0.042 1 −0.346** 1

3 Planning time ToL 0.302** 0.219 1 0.308** −0.347** 1

4 Accuracy ToL 0.308** 0.361** 0.448** 1 0.126 −0.20* 0.341** 1

5 Inhibition time 0.072 −0.152 0.174 −0.046 1 0.287** −0.264** 0.146 0.017 1

6 Inhibition errors −0.093 −0.249** −0.172 −0.318** 0.235 1 0.273** −0.116 −0.051 −0.172 0.329** 1

M 30.78 3.38 6.24 5.61 212.57 8.63 9.90 6.10 6.46 9.11 174.94 2.23

SD 24.06 1.85 3.00 2.74 72.22 10.2 5.31 0.98 3.07 1.74 46.37 2.40

*p < 0.05; **p < 0.01; Planning time coding, Seconds spent planning on the coding games; Accuracy coding, Accuracy on the coding games; Planning time ToL, Seconds spent

planning on the Tower of London test; Accuracy ToL, Accuracy on the Tower of London test; Inhibition time, Seconds required to complete the task on the Numerical Stroop test;

Inhibition errors, Number of errors and self-corrections on the Numerical Stroop test.

planning time on the ToL at T1 and has significant effects on
planning time in coding at T2 (B= 0.42, p= 0.02). However, the
indirect effect of gender through this mediator is not significant.

Model b (Figure 2), shows that gender and coding planning
time before the coding course (T1) have direct effects on
children’s planning time in coding after the course (T2),
respectively B = −2.07, p = 0.04 and B = 0.05, p = 0.02.
Inhibition time after the course (T2) is predicted by inhibition
time at T1, before the course, and has effects on planning time

in coding at T2 (B = 0.03, p = 0.04). However, the indirect
effect of gender through this mediator is insignificant (see also
Table 5).

Gender Effects on Coding Accuracy
In Model c, reported in Figure 3, the direct effect of gender on
coding accuracy at T2 approaches statistical significance (B =

0.37, p = 0.05). Planning accuracy on the ToL at T1 predicts
accuracy on the ToL at T2 (B = 0.19, p < 0.01), which does not
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TABLE 5 | Direct, indirect, and total effects of the mediation models.

Mediator Effect Path Point estimate 95% CI

Lower Upper

Planning time ToL Direct effect Gender → Planning time coding −2.21* −4.13 −0.29

Gender → Planning time ToL −0.34 −1.44 0.75

Planning time ToL → Planning time coding 0.42* 0.08 0.76

Indirect effect Gender → Planning time ToL → Planning time coding −0.15 −0.69 0.32

Total effect Gender → Planning time coding −2.35* −4.32 −0.39

Accuracy ToL Direct effect Gender → Accuracy coding 0.37 −0.01 0.75

Gender → Accuracy ToL −0.44 −1.06 0.18

Accuracy ToL → Accuracy coding −0.08 −0.20 0.04

Indirect effect Gender → Accuracy ToL → Accuracy coding 0.03 −0.05 0.13

total effect Gender → Accuracy coding 0.40* 0.03 0.78

Inhibition time Direct effect Gender → Planning time coding −2.07* −3.99 −0.15

Gender → Inhibition time −7.22 −22.50 8.07

Inhibition time → Planning time coding 0.03* 0.00 0.05

Indirect effect Gender → Inhibition time → Planning time coding −0.18 −0.60 0.31

Total effect Gender → Planning time coding −2.25* −4.20 −0.31

Inhibition errors Direct effect Gender → Accuracy coding 0.39* 0.02 0.77

Gender → Inhibition errors 0.23 −0.58 1.05

Inhibition errors → Accuracy coding −0.08 −0.17 0.01

Indirect effect Gender → Inhibition errors → Accuracy coding −0.02 −0.11 0.05

Total effect Gender → Accuracy coding 0.38* 0.00 0.76

*p < 0.05: Confidence interval for indirect effect was estimated with bootstrap method (95% confidence, 5,000 bootstrap samples). Planning time coding, Seconds spent planning on

the coding games at T2 (after the course); Accuracy coding, Accuracy on the coding games at T2; Planning time ToL, Seconds spent planning on the Tower of London test at T2;

Accuracy ToL, Accuracy on the Tower of London test at T2; Inhibition time, Seconds required to complete the task on the Numerical Stroop test at T2; Inhibition errors, Number of

errors and self-corrections on the Numerical Stroop test atT2; CI, confidence interval.

All parameters are estimated controlling for SES, coding, planning and response inhibition (time and accuracy measures) at T1, before the coding course.

have significant effects on coding accuracy at T2. The indirect
effect of gender through planning accuracy (ToL) is insignificant.

Model d shows a significant effect of inhibition errors at T1,
before the course, on inhibition errors after the course (T2) (B =

0.12, p < 0.01), and a direct effect of gender on coding accuracy
after the course (T2) (B = 0.39, p = 0.04). Again, the indirect
effect of gender, through the mediator (inhibition errors at T2)
is insignificant.

As shown in Figures 2 and 3, the covariates, T1 accuracy in
coding and SES, do not account for significant variance in the
mediator or in the outcome variable.

Overall, gender effects on children’s coding emerged
immediately after their first experience with coding; yet,
although children’s planning and response inhibition skills and
coding skills were significantly related, gender effects on coding
abilities were not mediated by children’s planning or response
inhibition skills.

DISCUSSION

The study presented in this paper was inspired by prior research
(Sullivan and Bers, 2013, 2016) that reported gender differences
in children’s coding to emerge since very early experience with
it. In this study we further tested the hypothesis that gender
differences may already exist among early-age (5–7 year-old)

children at their first experience with coding. Moreover, we
investigated whether any such gender differences were mediated
by gender differences in cognitive abilities underpinning CT
and coding.

There is evidence that girls and boys differ in the maturation
of some cognitive functions that are known to be involved
in coding: in particular, impulsive responses inhibition and
planning (Warrick and Naglieri, 1993; Klenberg et al., 2001;
Naglieri and Rojahn, 2001; Unterrainer et al., 2013; Grissom and
Reyes, 2019). Yet, no studies have directly tested the hypothesis
that the gender differences observed between girls and boys
in coding could be related to differences in these underlying
cognitive abilities. The original contribution of this study was to
address this research question.

Prior research conducted with young children has shown
that girls develop response inhibition skills and planning skills
earlier than boys (Klenberg et al., 2001; Naglieri and Rojahn,
2001; Unterrainer et al., 2013). However, these gender-related
developmental differences in executive functioning did not
appear in our study. In contrast to our expectations and to the
extant literature (Naglieri and Rojahn, 2001; Unterrainer et al.,
2013), we did not find differences in planning between girls and
boys on the ToL test. Indeed, boys and girls performed equally
well on the ToL (planning), and on the Stroop task (response
inhibition). Participants in our study ranged in age between 5
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and 7 years, with a mean age of 6.03. It may be that at this
age, and with school entrance, gender differences in response
inhibition and planning have been leveled already (Klenberg
et al., 2001; Unterrainer et al., 2013). In contrast with that,
however, we did find significant gender differences in the coding
tasks after the coding course, both in accuracy and planning time.
Girls spent significantly more time planning on the coding tasks,
without however achieving better performance. Conversely, they
were significantly less accurate than boys in them. These gender
differences emerged only after children experienced coding
activities in class: No significant differences were indeed observed
between boys and girls before the coding course.

The results of the mediation analyses clarified that the gender
differences observed in coding after the course were not mediated
by children’s planning abilities (i.e., performance on the ToL)
or response inhibition skills (i.e., performance on the Stroop
task). Remarkably, the mediational analyses accounted for the
effects of covariates like SES, and performance on the coding
and cognitive tasks (planning and response inhibition) before the
course. Thus, the observed differences cannot be attributed to
these factors either.

Some studies have suggested that gender differences in
coding may be due to the different strategies or approach to
coding problems characteristic of girls and boys (e.g., Sullivan
and Bers, 2016), which could be also related to a different
use of children’s own cognitive abilities. While these findings
confirm boys’ advantage observed in coding by Sullivan and
Bers (Sullivan and Bers, 2013, 2016), they do not support the
hypothesis that these differences are accounted for by cognitive
predispositions to coding. We can hypothesize that sociocultural
factors, such as gender-ability stereotypes, may have affected
children’s performance. Master et al. (2017) showed that first
graders may already have embraced stereotypes that boys are
better at programming than girls. If present in our participants,
these stereotypes did not affect their performance at their
pretest, but did so after the instructional experience with coding.
That is, they were likely induced by this early experience and
instructional activity. This observation contrasts with Master
et al. (2017) finding that introducing girls to programming
at this early age may induce counter-stereotypical beliefs and
higher self-efficacy for programming. A difference between our
study and Master et al.’s study is however that in Master
et al.’s study children performed the programming activities in
solo sessions, where boys and girls interacted individually with
the experimenter. In this study, instead, coding activities were
performed in the classroom, thus exposing children to making
implicit or explicit comparisons among their performance, with
differential effects on boys’ and girls’ self-confidence. We return
on this hypothesis in the conclusion.

It is particularly worrying that the boys’ advantage in
performance on coding tasks emerged after the children
were exposed to counter-stereotypical role models by being
shepherded by (young) female trainers, observers, assistants,
and experimenters. Other studies have shown that STEM
gender stereotypes from early childhood to adolescence are not
always influenced by the opportunity to interact with counter-
stereotypical educators (McGuire et al., 2020). The mechanisms

through which counter-stereotypical models may affect children’s
self-perception and performance in coding can be thus more
complex. They could for instance depend on the nature of
the interaction between children and the counter-stereotypical
models: e.g., how much children are engaged with them, which
activities are performed by these counter-stereotypical models,
which is their attitude toward girls and boys. These factors could
be the focus of future investigations.

Some more words should be spent on the negative association
we found between children’s accuracy in coding and the ToL
after the coding course. This finding was unexpected, particularly
considering that the same two measures were significantly and
positively associated before the coding course. Although the
statistical tests did not reveal significant differences between boys
and girls in the performance on the planning task (ToL), girls
scored slightly better than boys after the course and spent slightly
more time planning on the ToL. However, their performance on
the coding tasks was lower than for boys. This may suggest that
they made a worse use of their cognitive resources than boys,
in what would amount to a gender-related effect. Indeed, by-
group correlations reveal that the association between coding and
planning skills, albeit non-significant, is negative only for girls.

Planning time and accuracy in coding at T2 were also
negatively correlated. Girls spent significantly more time
planning in the coding tasks, and yet – as noted above – their
accuracy was lower than that of boys. The longer time spent
by girls in planning aligns with the findings of other studies,
confirming a tendency of girls to be less impulsive and to
control more their responses than boys (Grissom and Reyes,
2019). In this study however, while boys and girls showed
equivalent response inhibition skills, girls showed a lower coding
performance than boys at T2. This observation suggests an
alternative explanation: the longer time spent planning in the
coding tasks by girls could reflect hesitations in planning more
than greater control over their act. Such interpretation would
align with findings showing that girls have lower self-confidence
in performing coding tasks and greater perception of task
difficulty in comparison with boys (Yücel and Rizvanoglu, 2019),
which is associated to gender biases. Although the participants
in our study were much younger than the participants in Yücel
and Rizvanoglu’s study, early emerging gender-ability beliefs
could have influenced their perception of the coding tasks and,
consequently, their performance (Master et al., 2021).

CONCLUSIONS

The results replicated those of prior studies (Sullivan and
Bers, 2016), showing that boy-favoring gender differences in
coding can emerge at early age (5–7 years). Remarkably, gender
differences in coding do not seem to be mediated by differences
in cognitive abilities (e.g., planning or response inhibition) and
emerged only after children had experienced coding in their
classroom. This finding is particularly worrying on account
of the young age of our study participants and of the fact
that the two groups had equal experience of technological
devices and similar cognitive abilities (i.e., similar planning and

Frontiers in Psychology | www.frontiersin.org 12 September 2022 | Volume 13 | Article 887280

https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles


Montuori et al. Gender Differences in Coding

inhibition skills). Moreover, all of the personnel that conducted
this study and interacted with the children in the training and
the experiments were female, providing role models that should
have been especially motivating (or at least reassuring) for girls.
A possible interpretation of the gender effects observed in this
study is that boys and girls matured different self-confidence
in coding or different beliefs about it in consequence of their
coding experience in the classroom. Although performing all
games individually, children were requested to signal when they
completed each task, to confront and discuss their solution. This
individual working format coupled with classroom discussion
of the individual outcomes may have stimulated a competitive
approach to the coding task, which is often present in classrooms
when learning tasks are performed individually and results
are compared class-wide. Sullivan and Bers (2016) suggest
that competitive learning environments could favor boys. In
summary, boys could have been more motivated by interpreting
the coding tasks as a competition, whereas girls could have been
negatively influenced by this social environment. Different results
could have emerged if we requested boys and girls to work in
teams and collaboratively (see Sullivan and Bers, 2016).

Limitations of The Study
The data presented in this study were collected as part of a
larger project focused on the cognitive effects of coding. In the
project we did not consider relevant sociocultural factors, such as
children’s implicit or explicit gender-related beliefs, which may
have had significant influence on their performance in coding.
In hindsight we have learned that future studies in this direction
should explore the influence of motivational and sociocognitive
variables (e.g., self-efficacy beliefs) and their interaction with
children’s cognitive abilities. We are taking this lesson learned
home in the design of future interventions directed to digging
further into this important gender-difference problem space.

A second limitation of this study is the lack of a qualitative
analysis of children’s strategies in solving the coding games. As
demonstrated by other studies, gender differences could emerge
in the way girls and boys approach the coding task (Sullivan and
Bers, 2016). Exploring such differences and how they relate to
children’s cognitive abilities and the type of instruction children
have received is important to inform the design of a coding
curriculum. Children can be introduced to coding through
individual or group activities, playing with robots and tangible
environments or via virtual environments (as in our study). The
way coding activities are structured, the instrument used, the
social partners involved (peers or experts, within gender or across
genders) could influence the way children approach coding, the
coding skills they develop and the ideas they form about their

coding skills (i.e., their self-efficacy beliefs). A more qualitative

and finer-grained analysis of children’s performance would be
possible with the use of additional methodological tools, such
as interviews, self-reports, or even behavioral observations and
learning analytics. We are working in this very direction at the
time of this writing.

A third and final limitation of the study concerns the
lack of a fine-grained analysis of children’s engagement in the
coding course and of their relationship with digital technology.
Engagement is known to be an important component of
learning, which may be affected by self-perception over and
above ability. Measuring engagement before, during, after the
intervention should shed more light on the reasons for the
emergence of the surprising results from this research. By the
token, measuring familiarity with technologies calls for a finer-
grained spectrum than merely considering how often children
use digital devices, or which digital devices they use, examining
also how they use them, for what goal, learning or leisure, in
which way, alone and unassisted or with friends or seniors.
Acquiring and analyzing such additional information would help
gain a better understanding of children’s prior experience with
digital technologies in the way to anticipating engagement. The
dimensions of engagement entail a social element and a learning
element. Both are very important aspects of a wider study into the
nature, origin, andmitigations of gender differences in relation to
coding and, prospectively to Computer Science.
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