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Abstract
Even though the field of Computer Science (CS) affects dif-
ferent aspects of society, several groups of society are under-
represented, including women and nonbinary people. Chil-
dren might have different learning opportunities in CS due to
their project preferences. Girls are likelier to work on stories
and simple programs in Scratch, whereas boys tend to create
games and more complex programs. We explore whether
preferences and program implementation differ between gen-
ders within a story, game and visual adventure in Hedy, a
gradual textual programming language. We analysed 14,233
programs within five Hedy levels created by 2,819 users who
turned 10 to 14 in 2023. We found that boys, girls and nonbi-
nary children worked most on the game adventure. Within
the individual adventures, gender differences occur in all
three adventures in the most elaborate Hedy level analysed.
However, for some levels, no gender differences were found.
Thus, programming assignments can be created in which
children of different genders work on similar programs in
terms of size and number of (unique) commands used.

CCS Concepts: • Social and professional topics → Com-
puter science education; Gender.

Keywords: Hedy, programming, education, gender
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1 Introduction
The field of Computer Science (CS) affects different aspects
of society, including education [43], healthcare [23, 24], and
transport [1]. However, not everyone has equitable access
to contribute to CS [36], including women and nonbinary
people [11, 32, 38]. This implies that they are dispropor-
tionately excluded from a field with fast-growing employ-
ment [40]. Due to this lack of diversity, we miss out on
innovations [19]. Moreover, it results in biased technology
and systems [25, 45].

The lack of women in CS starts at an early age with girls
opting out of CS due to, among others, stereotypes [34], low
self-efficacy [3, 48] and lack of interest development [22, 48].
These reasons might differ for nonbinary people [32]. They
are likely confident in their CS abilities but can have a low
sense of belonging [41]. One way to attract more girls and
nonbinary children to the field is to ensure that educational
CS activities appeal to them. For example, female students
are likelier to prefer educational activities involving people
over things [8, 33]. Moreover, girls often prefer to create
stories, while boys work more often on games [13, 15].
The type of programs children work on seems to influ-

ence their program implementation. Children who work on
stories in Scratch, a programming language with a block-
based editor, implement fewer programming concepts and
create less complex programs than children who work on
games [15]. Findings from different studies [5, 13, 15] imply
that (gender) preferences in various types of programs or
assignments can result in different learning opportunities.
Studies related to gender and program type are mainly

done in Scratch. However, less is known about other pro-
gramming languages in which children can learn to program.
One of these languages is Hedy, a gradual textual program-
ming language designed to teach novices syntax [18]. Users
work on various assignments, called adventures, while syn-
tax and commands build up throughout the different levels.
In this study, we explore whether children of different

genders choose to work on different types of adventures in
Hedy. Moreover, we are interested in gender differences in

This work is licensed under a Creative Commons Attribution 4.0 Interna-
tional License.
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program size and commands used and to what extent these
findings occur within different adventures. Additionally, we
extend current work by including nonbinary children. With
our study, we contribute to the knowledge of how to create
equitable programming experiences for all children, indepen-
dent of their gender. We do so by answering the following
research questions:
RQ1. What are the gender differences in the type of adven-

tures children work on in Hedy?
RQ2. How do program length and the number of commands

used in Hedy differ between genders?
RQ3. To what extent do the differences in program length

and the number of commands used between genders
occur within different types of adventure in Hedy?

To answer our research questions, we analyse 14,233 pro-
grams of 2,819 users active in Hedy between May 2023 and
May 2024. These programs are saved within a selected story,
game and visual adventure. We explore whether children
worked on an adventure and howmany programs they saved.
We also analyse the programs created by looking at their
length and the number of (unique) commands used. For each
analysis, we compare the findings between genders.

2 Background
2.1 Programming Languages for Young Novices
A variety of languages is used to teach young novices to pro-
gram; these include (but are not limited to) Scratch, Java and
Python [35]. Since previous research on gender differences
in programming for children is often done in Scratch, and
we will do so in Hedy, we elaborate on these two.

Scratch1 is a block-based programming environmentwhich
aims to introduce children with no prior experience to pro-
gramming [31]. Scratch is designed for 8 to 16-year-olds [31]
from economically disadvantaged and culturally diverse com-
munities [30]. Although Scratch is designed for informal
education, it is also used in schools [31]. Scratch builds
upon constructionism [31], which is “an educational the-
ory developed by Seymour Papert and emphasizes students’
hands-on, experiential learning through building, creating,
and sharing artefacts with peers” [7]. This is reflected in
Scratch’s emphasis on exploring and sharing projects with
other users [31]. Scratch is used in many studies [35, 39] cov-
ering a variety of topics including learning computer science
and coding [29, 35, 37], self-efficacy [3, 6], and computational
thinking [12, 26].
Hedy2 is a gradual textual programming language de-

signed to teach syntax to novices (age 10 and up) in the
classroom [17, 18]. The design of Hedy is “based on how
punctuation is taught to novice readers in natural language
education” [18]. Currently, learners can work through 18

1https://scratch.mit.edu
2https://hedy.org

levels. They start programming with a limited number of
commands and no syntactic element, such as brackets, colons
or indentations. The rules and available commands “slowly
and gradually change until the novices are programming in
Python” [18]. The users go through the levels at their own
pace while working on different adventures, enabling them
to create simple yet fun and meaningful programs [18]. An
adventure includes one or more cohesive assignments, such
as creating a rock, paper, scissors game or a story. Some of
these adventures reoccur at multiple levels. Since Hedy is a
relatively new programming language, a small number of
studies researched the (use of) the language, covering learner
experiences [14], learning to program [27], and behavioural
intention to use Hedy [47].
One of the differences between Scratch and Hedy is that

Scratch is a programming language with a block-based edi-
tor, while Hedy is a textual programming language. A meta-
analysis of 13 studies that compared these types of languages
did not find a significant overall effect size on the cogni-
tive and affective learning outcomes [46]. A recent study by
Zdawczyk and Varma [48] investigated the effects of Scratch
and Python on the beliefs and attitudes of upper elemen-
tary and middle school children. Their findings include chil-
dren having a higher self-efficacy in Scratch than in Python.
Moreover, more girls than boys preferred using Scratch over
Python. On the other hand, boys had a higher sense of be-
longing, more interest, and a preference for Python over
Scratch.

2.2 Gender Differences in Type of Programs
Previous work found (binary) gender differences in students’
preferences for CS assignments and projects. For example,
female high school and university students are likelier to
prefer CS assignments with people over assignments with
things [8, 33]. Male students, on the other hand, have either
no preference or a slight preference towards assignments
with people.

By analysing 127 Scratch projects, Funke et al. [13] found
that students (ages 9-10) mostly create stories, animations
and games. The majority of the stories were created by girls,
while most games were made by boys [13]. Animations were
made equally by boys and girls. Graßl et al. [15] expanded
on this work and analysed 317 Scratch programs by chil-
dren aged 8-10. The programs created by girls contained
more blocks typically used to create stories and animations,
while the programs created by boys contained more blocks
common for making games.

2.3 Gender Differences in Program Implementation
According to the literature review by Bati [4], girls in their
early childhood can perform well in computational thinking
and programming given an appropriate educational setting.
However, some studies do show gender differences in pro-
gramming performance. Although there were no gender
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differences between 4 to 7-year-old students when doing ro-
botics and simple programming tasks [42], boys did perform
better in the advanced tasks. Similarly, girls aged 10 and up
tend to perform better in relatively easier tasks [21].

Within Scratch, boys create more complex programs [15].
Moreover, boys apply more programming concepts such
as conditional statements or iterations [15] and use more
different blocks than girls [5, 13]. There is also a difference in
the type of blocks used in Scratch: girls use more Look blocks,
while boys use moreMotion blocks [13]. Moreover, programs
using keyboard controls are made mainly by boys [13].
The differences in the type of blocks and concepts used

can relate to the type of program children work on [13, 15].
Graßl et al. [15] explored the topics children work on in
combination with the type of program and program imple-
mentation. Programs on topics popular among girls, such
as dancing or unicorns, were mostly animations and sto-
ries. Within these topics, boys and girls created programs
of similar size and complexity. Moreover, girls were likelier
to work on animation and story-typed projects independent
of the topic of the program. Within these types of projects,
the programs implemented were less complex and contained
fewer programming concepts. In line with this, Bentz and
Standl [5] explored topics and program implementation in
Scratch projects. Next to analysing gender differences, they
surveyed children (aged 12-14) on their interests in people
and human surroundings and in things and spatial arrange-
ments. Students with an interest in people focused on dia-
logues and sequences in their programs. In contrast, chil-
dren with an interest in things focused more on movements
and controls. This implies that personal preferences influ-
ence what programming concepts children use. However,
we would like all children to work on projects they prefer
while still practising similar programming concepts [15].

3 Method
3.1 Participants
Our participants are users registered in Hedy who saved at
least one program between May 1st 2023 and April 30th 2024
in one of the adventures described in Section 3.2. We focused
on users in childhood (which is till the age of 14 [44]). More-
over, Hedy is designed for users aged 10 and up. Therefore,
we focused on users between the ages of 10 and 14. How-
ever, users self-report only their year of birth, meaning that
we don’t know the exact age of the user when they save a
program. We decided to include all users who turned 10 to
14 in 2023, so users born between 2009 and 2013. Moreover,
we only included users who answered the optional question
about their gender identity. They could self-report their gen-
der as female, male, or other. We refer to these groups as
girls, boys and nonbinary children. These criteria resulted in
2,819 users. The distribution of self-reported birth year and
gender is shown in Figure 1.

Figure 1. Distribution of birth year of users, including the
number of boys (n = 1,451), girls (n = 1,278) and nonbinary
children (n=90)

3.2 Materials
We selected Hedy adventures to represent the story, games
and visual program type. We decided on these categories
since previous work in Scratch showed that children mostly
work on stories, animations and games [13]. Animations
can not be created in Hedy in a similar way as in Scratch.
However, it is possible to work on adventures in Hedy with a
visual output instead of a textual output. We looked for rep-
resentative adventures with story, game and visual aspects,
which all re-occur in multiple Hedy levels. We selected the
following adventures for our analysis:

• Story: Story adventure
In this adventure, users create stories. They are en-
couraged to write a story about a main character and
any topic. In levels 2 to 5, users are asked to copy their
story from the previous level and expand on it.

• Game: Rock adventure
In this adventure, users build a rock, paper, scissors
game. They ask for user input, make the computer pick
rock, paper or scissors, and determine whether there
is a tie. In level 2, there are two assignments related
to making the game. We included the one assignment
that has rock as adventure name.

• Visual: Turtle adventure
In this adventure, users create drawings. They are en-
couraged to draw various figures (square, staircase,
triangle, circle) and random figures. Users also learn
to use different colours.

Since the selected adventures occur in each of the first five
levels of Hedy, we decided to focus on programs within
these five levels and their commands as described in Table 1.
Moreover, Hedy is an open-source project that is still under
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Table 1. Hedy commands in level 1 to 5 [16]

Level Available commands
1 print, ask, forward, turn, echo
2 print, ask, forward, turn, is, sleep
3 print, ask, forward, turn, is, sleep, at random, add to, remove from
4 print, ask, forward, turn, is, sleep, at random, add to, remove from
5 print, ask, forward, turn, is, sleep, at random, add to, remove from, if, else, in

development. We tried to scope our research so that the
number of changes made (based on the git history) to the
selected adventures was as minimal as possible. Focusing
on the first five levels helped in this. It also motivated our
decision to analyse programs saved between May 1st 2023
and April 30th 2024.
Besides the adventures, we also needed to decide which

languages to include. Hedy is currently translated in 47 lan-
guages [17]. However, some translations are more complete
than others. We only looked at programs created in the four
languages that have more than 85% of the text translated:
Chinese (simplified), Dutch, English and Spanish.

Thus, all programs saved between May 1st 2023 and April
30th 2024 in levels 1 to 5, in either Chinese (simplified), Dutch,
English or Spanish, for the story, game or visual adventure
are included. These criteria resulted in 14,233 programs, of
which 7,155 were created by boys, 6,581 by girls and 497 by
nonbinary children.

3.3 Measures and Analysis
When analysing the programs, we observed that 61 programs
in the dataset are empty. We excluded these 61 programs
from our analysis. Of the users in our dataset, 8 only saved
one or more of these empty programs. We excluded these
users from the analysis.

We analysed the programs using Python scripts3 and the
pandas, SciPy and NumPy libraries. For the statistical tests,
we report on p-values smaller than 0.05. P-values smaller
than 0.001 are reported as p<.001.

3.3.1 Adventures Children Work On. To answer our
first research question, we analysed which adventures users
worked on and the number of programs saved per adventure.

First, we analysed which adventures children worked on
at least once. When a user saved at least one program in an
adventure, we say this user worked on the adventure at least
once. We reported the percentage of users who worked at
least once on an adventure per gender. Since both the inde-
pendent and dependent variables are categorical, we used
the chi-square test of independence to determine whether
the variables relate. Since the chi-square test works with fre-
quencies, we counted (per gender) how many users worked
and how many did not work on a specific adventure. We

3Python scripts can be found at https://shirleydewit.com/splashe2024

tested within each gender whether there is a relation be-
tween the type of adventure and (not) working on it. We
also tested within each adventure whether gender relates to
(not) working on that adventure. Moreover, we calculated
Cramer’s V to determine the effect size. Since the degrees of
freedom is 2, a Cramer’s V of 0.07 indicates a small, 0.21 a
medium, and 0.35 a large effect size [28].

Secondly, we analysed howmany programs each user saved
per adventure. We reported the mean number of programs
saved and its standard deviation per gender per adventure.
We compared the number of saved programs within and
between genders by using independent t-tests. Moreover, we
used Cohen’s d to calculate the effect size. A value of 0.2
indicates a small effect, 0.5 indicates a medium effect, and
0.8 indicates a large effect [9].

3.3.2 Program Implementation. To answer our second
and third research questions, we analysed the length of the
programs and the number of commands used. Since the avail-
able commands differ per level, we analysed the program
implementations per level. We analysed the differences be-
tween genders per level (RQ2) and between genders per level
per adventure (RQ3).
We analysed the length of the programs, as done by oth-

ers [2, 15]. We reported the mean and standard deviation for
the lines of code (LOC). We compared the results between
genders using independent t-tests and calculated the effect
size using Cohen’s d.
Similar to previous work analysing elements in the pro-

grams of novices in Scratch [2, 5, 13, 15], we analysed the
usage of commands described in Table 1. More specifically,
we counted the number of unique commands used and the
number of total commands used. However, commands can
also occur in natural language. For example, ‘print the dog
is in the house’ contains not only print but also is and in
while only print is intended as a command. To eliminate
these and similar issues, we used the semantics described
within the Hedy GitHub [16]. Moreover, we tested our under-
standing of the semantics within the individual Hedy levels.
We verified the outcomes of our Python scripts by manually
counting the commands in 20 randomly selected programs,
which covered all three adventures as well as each level. The
Python scripts resulted in the same counts as the manual
counting. We reported on the mean number of unique com-
mands and the number of total commands used, including
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standard deviation. We compared these numbers between
genders in each level and between genders within the in-
dividual adventures in each level using independent t-tests
and calculated the effect size using Cohen’s d.

4 Results
4.1 Adventures Children Work On
For each adventure, the majority of the users worked on it at
least once, as shown in Table 2. The most popular adventure
is the game adventure. We found a relation with medium
effect size between adventures and working on them for boys
(𝜒2(2)=235.9, p<.001, V=0.23) and girls (𝜒2(2)=190.9, p<.001,
V=0.22). For nonbinary children, this relation has a small
effect size (𝜒2(2)=11.3, p=.003, V=0.20). We did not find a
relation between genders in any of the adventures.

Table 2.Number of users per gender and percentage of those
users that worked on the adventure at least once

Gender n Story Game Visual
All 2,811 61.1% 85.1% 76.5%
Boys 1,448 59.5% 83.9% 77.0%
Girls 1,273 62.8% 86.4% 76.4%
Nonbinary 90 62.2% 84.4% 71.1%

For the number of saved programs, the mean and standard
deviation per gender for each adventure are shown in Table 3.
We found that boys, girls and nonbinary children saved more
games than stories. The significant difference between the
number of saved games and stories has a small effect size for
boys (t=10.62, p<.001, d=0.39), girls (t=8.77, p<.001, d=0.35)
and nonbinary children (t=2.22, p=.028, d=0.33). Boys and
girls also saved more games than visuals. The significant
difference between the number of saved games and visuals
has a negligible effect size for boys (t=3.66. p<.001, d=0.14),
while this difference has a small effect size for girls (t= 5.25,
p<.001, d=0.21). Furthermore, both boys and girls saved more
visuals than stories. The significant difference between saved
visuals and stories has a small effect size for boys (t=7.07,
p=<.001, d=0.26) and a negligible effect size for girls (t=3.65,
p<.001, d=0.14). When comparing between genders within
each of the adventures, we only found that girls saved more
stories than boys. This significant difference has a negligible
effect size (t=2.50, p=.012, d=0.10).

Table 3. The mean ± standard deviation of saved programs
per gender per adventure

Gender Story Game Visual
All 1.4 ± 1.6 2.0 ± 1.6 1.7 ± 1.6
Boys 1.3 ± 1.5 1.9 ± 1.6 1.7 ± 1.6
Girls 1.5 ± 1.6 2.0 ± 1.7 1.7 ± 1.6
Nonbinary 1.5 ± 1.7 2.1 ± 1.7 1.9 ± 1.8

Thus, the game adventure is most popular among boys,
girls and nonbinary children in our dataset. There are no
significant differenceswith at least a small effect size between
gender and working on an adventure or between gender and
the number of programs saved.

4.2 Program Implementation
For each level, we analysed whether the LOC, unique num-
ber of commands and total number of commands used differ
between genders. Moreover, we analysed whether there are
differences between genders within each adventure in the
LOC, unique commands and total commands (see also Fig-
ures 2, 3, and 4).

4.2.1 Level 1. The mean and standard deviation of the
LOC, unique commands and total commands used for level
1 are displayed in Table 4. On average, nonbinary children
create programs with a higher LOC than boys and girls. The
significant difference between programs created by nonbi-
nary children and boys has a small effect size (t=3.96, p<.001,
d=0.32), as well as between nonbinary children and girls
(t=3.89, p<.001, d=0.32). Moreover, boys created programs
with more LOC than girls, but this difference has a negligible
effect size (t=2.55, p=.011, d=0.07). Both boys and nonbinary
children used more commands in total than girls. The sig-
nificant difference between the number of commands used
by boys and girls has a negligible effect size (t=3.88, p<.001,
d=0.11), while the difference between the number of com-
mands used by nonbinary children and girls has a small effect
size (t=2.86, p=.004, d=0.23).

Table 4. The number of programs saved and their mean
± standard deviation of LOC, unique commands and total
commands in level 1

Gender n LOC Unique Total
Boys 2,537 9.4 ± 27.2 2.5 ± 0.6 8.3 ± 12.5
Girls 2,305 7.7 ± 19.4 2.5 ± 0.6 7.1 ± 8.0
Nonbinary 160 78.4 ± 873.0 2.5 ± 0.7 9.2 ± 15.6

Within both the story and game adventure, there are no
significant differences between genders. For the visual adven-
ture, programs created by boys and nonbinary children have
more LOC than programs by girls. This significant difference
between boys and girls has a negligible effect size (t=2.44,
p=.015, d=0.12), while the difference has a medium effect
size between nonbinary children and girls (t=3.99, p<.001,
d=0.57). Moreover, the visual programs of nonbinary chil-
dren have more LOC than those of boys, with the differences
having a medium effect size (t=4.19, p<.001, d=0.60). For the
total number of commands used, both boys and nonbinary
children used more commands than girls. This difference
between boys and girls has a small effect size (t=4.82, p<.001,
d=0.24) and between nonbinary children and girls a medium
effect size (t=3.77, p<.001, d=0.54).

5



SPLASH-E ’24, October 24, 2024, Pasadena, CA, USA Shirley de Wit, Felienne Hermans, Marcus Specht, and Efthimia Aivaloglou

(a) Story adventure (b) Game adventure (c) Visual adventure

Figure 2. Mean LOC per level per gender for each adventure. Note the differences in the y-axis.

(a) Story adventure (b) Game adventure (c) Visual adventure

Figure 3.Mean number of unique commands used per level per gender for each adventure.

(a) Story adventure (b) Game adventure (c) Visual adventure

Figure 4. Mean number of total commands used per level per gender for each adventure. Note the differences in the y-axis.

4.2.2 Level 2. The mean and standard deviation of the
LOC, unique commands and total commands used for level
2 are displayed in Table 5. We found that boys created pro-
grams with more LOC and that they used more commands
in total than girls. However, both the significant difference
in the number of LOC (t=2.47, p=.013, d=0.09) and command
used (t=2.14, p=.033, d=0.08) have a negligible effect size.
Within all three adventures, there are no significant dif-

ferences between genders for LOC, unique commands, and
total number of commands in level 2.

Table 5. The number of programs saved and their mean
± standard deviation of LOC, unique commands and total
commands in level 2

Gender n LOC Unique Total
Boys 1,637 11.4 ± 52.2 2.7 ± 1.0 10.3 ± 47.7
Girls 1,455 7.9 ± 10.9 2.7 ± 1.0 7.6 ± 10.4
Nonbinary 115 7.3 ± 13.9 2.8 ± 1.0 7.3 ± 14.0

6
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4.2.3 Level 3. The mean and standard deviation of the
LOC, unique commands and total commands used for level
3 are displayed in Table 6. There are no significant differ-
ences between genders for LOC, unique commands and total
number of commands in level 3.

Table 6. The number of programs saved and their mean
± standard deviation of LOC, unique commands and total
commands in level 3

Gender n LOC Unique Total
Boys 1,213 11.9 ± 35.8 3.7 ± 1.1 15.0 ± 51.7
Girls 1,071 9.0 ± 42.0 3.7 ± 1.1 11.7 ± 62.5
Nonbinary 85 12.3 ± 24.4 3.6 ± 1.2 15.9 ± 35.0

For the story and game adventures, there are no significant
differences. For the visual adventure, girls used more unique
commands than boys. This difference has a small effect size
(t=3.26, p=.001, d=0.23).

4.2.4 Level 4. The mean and standard deviation of the
LOC, unique commands and total commands used for level 4
are displayed in Table 7. Boys used more unique commands
than girls. This significant difference has a negligible effect
size (t=2.29, p=.022, d=0.10).

Table 7. The number of programs saved and their mean
± standard deviation of LOC, unique commands and total
commands in level 4

Gender n LOC Unique Total
Boys 990 11.9 ± 29.2 3.1 ± 1.4 10.3 ± 17.1
Girls 966 9.9 ± 26.1 3.0 ± 1.4 9.2 ± 22.7
Nonbinary 65 15.3 ± 26.9 3.0 ± 1.4 12.3 ± 19.8

We did not find any significant differences within the story
and visual adventures between genders. Within the game
adventure, boys worked on programs with more LOC, and
they used more unique commands than girls. The significant
difference between the LOC in programs created by boys
and girls has a negligible effect size (t=1.98, p=.048, d=0.14).
The significant difference between the unique commands
used between boys and girls has a small effect size (t=3.23,
p=.001, d=0.24).

4.2.5 Level 5. The mean and standard deviation of the
LOC, unique commands and total commands used for level 5
are displayed in Table 8. Boys used more unique commands
and more commands in total than girls. Both the significant
differences between number of unique commands (t=2.48,
p=.013, d=0.13) and total commands (t=3.57, p<.001, d=0.18)
have a negligible effect size.
Within the story adventure, boys use more unique com-

mands than nonbinary children. This difference has a small

Table 8. The number of programs saved and their mean
± standard deviation of LOC, unique commands and total
commands in level 5

Gender n LOC Unique Total
Boys 746 14.6 ± 59.4 5.3 ± 1.7 16.4 ± 19.6
Girls 765 10.4 ± 19.6 5.1 ± 1.6 13.4 ± 12.6
Nonbinary 62 10.7 ± 14.4 4.9 ± 2.0 14.8 ± 16.9

effect size (t=2.07, p=.039, d=0.46). Within the game adven-
ture, boys used more unique commands than girls. This dif-
ference has a small effect size (t=2.20, p=.028, d=0.20). Within
the visual adventure, boys used more commands in total than
girls. This difference has a small effect size (t=2.84, p=.005,
d=0.25).

Thus, we found some significant differences between gen-
ders in the program implementation with at least a small
effect size. We found that in level 1 nonbinary children cre-
ate programs with more LOC than both boys and girls, and
nonbinary children use more commands in total than girls.
For the story adventure, there are no gender differences in
levels 1 to 4. In level 5, boys use more unique commands
than nonbinary children. For the game adventure, there are
no gender differences in levels 1, 2 and 3. In levels 4 and 5,
boys use more unique commands than girls. For the visual
adventure, there are no gender differences in levels 2 and 4.
In level 1, nonbinary children create longer programs than
both boys and girls. Moreover, both boys and nonbinary chil-
dren use more commands in total than girls. In level 3, girls
use more unique commands than boys. In level 5, boys use
more commands in total than girls.

5 Discussion
We were motivated to do this study because previous work
in Scratch found (binary) gender differences in program im-
plementation [13, 15]. These differences might be caused by
differences in project preferences. Therefore, we explored
gender differences in Hedy, focusing on different types of
adventures and program implementation.

5.1 Reflection on the Results
Our results show that the game adventure is popular among
boys, girls, and nonbinary children. This is in contrast with
studies where stories were more popular among girls than
games [13, 15]. Our findings not aligning with these studies
might be explained by the fast-changing interests of chil-
dren and our study including slightly older children, as also
mentioned by Bentz and Standl [5]. Moreover, the type of
game in Hedy (rock, paper, scissors) could also play a role
in the popularity of the game adventure. So, educators who
try to make educational CS activities that appeal to gender
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minorities in CS should be careful about choosing stereotyp-
ical interests since they might not be valid for their group of
students.
Throughout the levels in Hedy, we found some gender

differences in the size of the programs and commands used.
Within the first level, nonbinary children createdmuch longer
programs than both boys and girls. Since the difference in
the LOC is large, we suspect that there is a user who cre-
ated very large programs. Since fewer programs are created
by nonbinary children, such an outlier has a relatively big
impact on the results. Nevertheless, they also used more
commands than girls. This might be an indication that al-
though nonbinary people are also a gender minority in CS,
they face different obstacles than women, which is in line
with previous work [32, 41]. The findings in the other levels
have negligible effect sizes. This might be because of the
large sample size, especially for boys and girls, resulting in
lower p-values even when the actual difference is not that big.
Another aspect is that, in general, users created relatively
small programs, resulting in small differences. We observed
that for most of the gender differences between boys and
girls, boys created larger programs and used more (different)
commands. This is in line with previous work in which boys
used more (unique) commands in Scratch [5, 13, 15]. These
gender differences could be related to boys having a higher
self-efficacy in programming [48] and being more willing to
take risks [10].
For the individual adventures, we found significant dif-

ferences in some but not all levels. For the story adventure,
there are no significant differences between boys and girls
in all of the levels. This aligns with findings from Graßl et
al. [15], where boys who worked on girl-dominated topics
created projects similar in size and complexity to the projects
made by girls. One possible explanation is that girls have
a higher self-efficacy in languages [20]. Girls feeling more
comfortable in creating stories might compensate for the
often lower self-efficacy in programming. We did find that
boys use more unique commands than nonbinary children in
the last level of the story adventure. For the game adventure,
there are no differences in levels 1, 2 and 3. Within level 4,
boys created longer programs. In levels 4 and 5, boys used
more unique commands than girls. The occurrence of gen-
der differences, when the tasks become more difficult, aligns
with others [21, 42]. For the visual adventure, we found gen-
der differences for all levels but levels 2 and 4. In level 1,
nonbinary children create longer programs than both boys
and girls. They also used more commands than girls. Girls
used more unique commands in level 3, while boys used
more commands than girls in levels 1 and 5. We are unsure
why there are inconsistent differences in this particular ad-
venture. We did observe that, overall, the visual adventure
seems to have larger programs with more commands than
the other two adventures.

Since most related work we found report on binary gender,
it is more difficult to compare results related to nonbinary
children with previous work. However, finding gender dif-
ferences even with the smaller sample size indicates that we
should continue studying this group of children. Especially
since nonbinary children might have their own preferences
and little is known about the effectiveness of CS education
for this group.

Our results imply that it is possible to create programming
assignments where children of different genders work on
similar programs in terms of size and number of commands.
In our study, this was the case for the story adventure levels
1-4, game adventure levels 1-3 and visual adventure levels 2
and 4. At least for the story and game adventure, differences
between genders emerge when Hedy as a programming lan-
guage becomes more elaborate. This might relate to girls hav-
ing lower self-efficacy in programming [48] or having less
programming experience [22]. Educators should be aware
that when CS materials become more difficult, gender dif-
ferences are more likely to occur. Therefore, it is important
to continue researching how to develop CS education that
enables equitable experiences for all children.

5.2 Limitations
There are several limitations to this study. We obtained the
data via Hedy so we rely on Hedy to ensure its quality. More-
over, Hedy is an active open-source project. Although we
tried to minimise the risk, it is possible that assignments
or commands changed between May 2023 and May 2024.
Furthermore, we analysed a subset of levels, adventures
and languages. Since we analysed programs per level, each
level/adventure combination consist of one assignment. In-
cluding more adventures to represent story, game and visual
program types or combining levels could improve the gener-
alisation of the results.
Furthermore, the users self-reported both their gender

and their age. Although self-reports come with reliability
issues, we analysed a big group of users without interacting
with them or assigning genders ourselves, which is needed
in studies using Scratch. We think the self-reports mostly
impacted the results related to those who selected the ‘other’
option in the survey. We expect nonbinary children to use
the ‘other’ option, but it is also very likely that children who
do not want to disclose their gender choose ‘other’. However,
we think it is important that CS education research, and es-
pecially those focusing on gender, reports more beyond the
binary genders to make programming education inclusive
to all. Moreover, the dataset does not distinguish trans boys
and girls from their cisgender counterparts. Future collec-
tion of gender could include an extended list of options or
provide open-ended items as suggested by Maloy et al. [32].
A comparison between age groups would also be interesting.
However, since only the year of birth is reported, it is more
difficult to interpret results.
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We think the programs can be analysed more extensively.
When using the infrastructure of Hedy to interpret the pro-
grams, it becomes easier to evaluate the use of variables,
learn more about incorrect use of commands, and apply met-
rics to measure complexity as done by others [5, 15].
Lastly, we want to mention that we did not take into ac-

count where or how children use Hedy. It is possible to see
which children belong to a virtual classroom with an as-
signed teacher, but this was not within the scope of this
study. So, in the current work, we don’t know whether users
programmed in an informal setting (such as at home or at a
code club) or at school and whether they used Hedy alone,
with peers and/or with the help of teachers.

6 Conclusion
Several groups in society, including women and nonbinary
people, face higher barriers to contribute to CS even though
CS impacts them. Their interest could be developed at an
early age by doing CS activities in a context they like. How-
ever, the type of project children work on might influence
their learning opportunities. We explore whether children of
different genders choose to work on story, game or visual ad-
ventures in Hedy, a gradual textual programming language.
Moreover, we explore program size and commands used.
We found that the majority of the users worked on each

of the adventures. The game adventure seems to be most
popular among boys, girls and nonbinary children. For the
program length and commands used, we analysed programs
created in the first five levels in Hedy per level since each
level contains different syntax and commands. Results in-
clude nonbinary children creating longer programs than
boys and girls, as well as using more commands than girls
in the first level of Hedy. When looking at the individual
adventures, we did not find any gender differences in story
adventure levels 1-4, game adventure levels 1-3, and visual
adventure levels 2 and 4. Gender differences do occur in
the most elaborate Hedy level for all three adventures, with
boys, on average, using more unique commands than non-
binary children in the story adventure, using more unique
commands than girls in the game adventure, and using more
commands in total than girls in the visual adventure.

Our work can be extended in multiple ways. Firstly, future
work could research gender differences in the behaviours of
users in Hedy, including users’ persistence when facing an
error and their navigation through the adventures and levels.
Secondly, we suggest continuing to research the learning
environments in CS education. This includes the physical
environment but also the digital environment and its in-
structional techniques. Future work should also take prior
programming experience into account. With this and future
work, we can gain an understanding of how CS education
can enable equitable learning opportunities for all children.
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