Ed Process IntJ | www.edupij.com
ISSN 2147-0901 | e-ISSN 2564-8020
Copyright ©2022 | UNIVERSITEPARK

ARTICLE HISTORY

Received March 22, 2021
Accepted May 10, 2022
Published Online June 28, 2022

CORRESPONDENCE

Michail Kalogiannakis

¥4 mkalogian@uoc.gr

(W University of Crete, Greece.

AUTHORS DETAILS

Additional information about the
authors is available at the end of the
article.

How to cite: Kanaki K, &
Kalogiannakis, M. (2022). Assessing
Algorithmic Thinking Skills in Relation
to Gender in Early Childhood.
Educational  Process: International
Journal, 11(2): 44-59.

@  OPEN ACCESS

Copyright © 2022 by the author(s). This
work is licensed under a Creative Commons
Attribution-NonCommercial 4.0 International
License (CC-BY-4.0), where it is permissible to
download and share the work provided it is
properly cited.

Ed Process IntJ | 2022 | 11(2): 44-58.

EDUCATIONAL PROCESS

INTERNATIONAL JOURNAL

RESEARCH ARTICLE
Assessing Algorithmic Thinking Skills in

Relation to Gender in Early Childhood

Kalliopi Kanaki‘> - Michail Kalogiannakis
ABSTRACT
Background/purpose — In terms of computational thinking core

facets, algorithmic thinking is a key competency applicable not only in
Computer Science but also in aspects of daily life. Considering the
global phenomenon of gender stereotypes with regards to the
academic and professional orientation in STEM fields, we focused on
investigating the level of students’ algorithmic thinking skills by
gender in early childhood. This article provides evidence of research
implemented under the umbrella of quantitative methodology,
employing an innovative assessment tool constructed to meet the
requirements of the study. The findings obtained could facilitate
researchers and policymakers to support equity in learning
opportunities, starting from the first stage of compulsory education.

Materials/methods — The study aligns to the principles of quantitative
research methodology. Its backbone is a digital platform of
multidisciplinary, play-based, and constructivist character, which we
implemented from scratch in order to satisfy the requirements of our
research.

Results — The findings of the study revealed that algorithmic thinking
skills are not related to students’ gender in early childhood.

Conclusion — The findings of the study bring out that, at very young
ages, the effect of gender stereotypes is not observable as far as
students’ algorithmic thinking skills are concerned. The implications of
the study highlight the need to focus on the schooling stages that
follow early childhood in order to tackle the gender gap in STEM fields.
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1. INTRODUCTION

In recent years, emerging trends have brought to the fore the perspective of
developing computational thinking (CT) skills within the context of Science, Technology,
Engineering, and Mathematics (STEM) fields (Lee et al., 2020; NGSS Lead States, 2013;
Weintrop et al., 2016). Recent literature on educational techniques for introducing CT skills
in K-12 teaching proposes game-based learning environments not only because of their
capacity to create learning experiences that are both effective and engaging (Emerson et al.,
2020; Lin et al., 2020), but also because of their distinctive feature to improve overall
learning interest and performance (Lin et al., 2020). In particular, game-based learning
activities build up students’ interest in computer programming, as well as in STEM fields
(Chatzopoulos et al.,, 2020; Kastriti et al., 2022; Nikolopoulou, 2022; Santos, 2020;
Tselegkaridis & Sapounidis, 2022).

As far as the evaluation of CT skills is concerned, relevant studies have shown that
the subject remains open as a research challenge (Poulakis & Politis, 2021; Tang et al., 2020).
This is an exceptionally important issue that needs to be addressed, because the absence of
valid and reliable assessment tools jeopardizes the successful integration of CT into the
educational scene, putting it in serious danger of vanishing as a structure, albeit it merits
serious consideration (Roman-Gonzalez et al., 2019).

Exploring the plethora of approaches to CT as a skillset, we notice that algorithmic
thinking is one of its fundamental competencies (Kallia et al., 2021; Roman-Gonzalez et al.,
2019).

The main purpose of the current study is to investigate students’ algorithmic thinking
skills in relation to their gender within the context of an Environmental Study course applied
during early childhood. We steered towards the first years of schooling since the subject of
CT evaluation at this sensitive juncture in developmental terms for students remains an area
largely subjected to minimal scientific investigation (Clarke-Midura et al., 2021; Poulakis &
Politis, 2021; Tang et al., 2020), despite the need for being introduced even from
kindergarten age (Relkin et al., 2021). An important factor that holds back the development
of age-appropriate CT assessment tools for kindergarten children is that they are primarily
learning reading and writing, and, thus, their CT skills could not be expressed via standard
forms of computer-based or paper-and-pencil elicitation techniques (Clarke-Midura et al.,
2021). Towards this end, we propose a novel evaluation tool of constructivist,
multidisciplinary, and play-based nature, which is developmentally appropriate for young
children. The proposed tool aims to cater to the need of having methods of measuring CT
competencies that do not require prior knowledge of computer programming (Relkin et al.,
2020). Still, it exposes students to fundamental object-oriented programming concepts and
principles, even though no direct reference is made to them, giving prominence to the
stance that the first contact with programming is better to be enacted through the object-
oriented paradigm (Ferrari et al., 2016; Janke et al., 2015).

The significance of the study concerns the fact that the research field on the
acquisition of CT skills, such as algorithmic thinking, in compulsory education presents
contradicting evidence (Guggemos, 2021; Shute et al., 2017) hampering their effective
development. We believe that investigating the role of the students’ gender in the
algorithmic thinking skills development is of vital importance since it will provide leads that
researchers and policymakers could exploit in order to overturn the status quo of the
underrepresentation of females in the STEM professional arena (Ampartzaki et al., 2022).
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2. LITERATURE REVIEW
2.1 Computational thinking

In recent years, there has been increasing interest in attempts to incorporate CT
across all stages of schooling (Huang & Looi, 2021), as a set of competencies aimed at
everyone, not only reserved for those studying or working in computer sciences (Wing,
2006; Zhao et al., 2022), and as a means to supporting the cultivation of thinking skills and
digital literacy (Angeli & Giannakos, 2020). In fact, stakeholders increasingly believe that
investment in computer science education and bolstering CT development helps to equip
students with essential competencies in today’s world, which is increasingly shaped by
computers and digital technologies (Huang & Looi, 2021; Lin & Weintrop, 2021), and in order
to formulate a well-trained citizenry and workforce capable of confronting intricate
problems that are otherwise difficult or even impossible to be resolved in the absence of CT
skills.

In response to this viewpoint, CT and coding have become significant and constituent
parts of compulsory education curricula in recent years, and in many countries all over the
world (Angeli & Giannakos, 2020; Bers, 2018). CT skills are strongly related and reinforced by
dispositions and attitudes, such as creativity (Kalogiannakis & Papadakis, 2022; Roman-
Gonzdlez et al., 2019), self-confidence in handling complexity, persistence when dealing with
demanding problems, tolerance for ambiguity, the ability to address open-ended problems,
and the ability to collaborate with others in order to accomplish a common objective (Barr et
al.,, 2011; Roman-Gonzalez et al., 2019).

Algorithmic thinking. When Wing (2006) coined the term CT, she encompassed
algorithmic thinking in the set of fundamental CT components. Algorithmic thinking is a set
of advanced intellectual operations that involve ability to understanding the core dimensions
of a problem, problem-solving skills, competencies for exploring solutions from the
perspective of their accuracy and efficiency, and skills to clearly present the process of step-
by-step problem resolution (Giiler, 2021).

Algorithmic thinking is an essential ability that is applicable not only in computer
science, but also as part of everyday life (Figueiredo et al., 2021), since it lays the foundation
for comprehending how to accomplish goals by defining an adequate sequence of steps,
Since more than one correct and sufficient method may often exist, namely, algorithms to
solve a problem, the cultivation of algorithmic thinking skills entails, among others, the
ability to detect the most appropriate sequence of steps to accomplish predefined objectives
(Vujici¢ et al., 2021).

2.2 STEM and gender

With the aim being to investigate the potential correlation between gender and
algorithmic thinking skills in early childhood, we examined the existing literature regarding
the gender effect on the educational achievements in STEM fields, since CT is accepted to be
one of the basic STEM practices in compulsory education (NGSS Lead States, 2013).

Gender segregation in terms of academic and professional orientation is a global
phenomenon, with females being generally underrepresented in STEM fields (Ampartzaki et
al., 2022; Liou et al., 2020; Makarova et al., 2019; Raabe et al., 2019; Stoet & Geary, 2018). In
fact, paradoxically, the higher the national level of gender equality, the larger the gap in
enrolling in STEM fields becomes (Stoet & Geary, 2018).
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A relevant research study presents the educational and professional progress of a
representative sample of students nationwide in the United States (Radford et al., 2018).
The sample, constituted of ninth-grade students from 2009 whose academic progress was
studied through until 2016. The results of the study were then used 1 year later in another
study, which highlighted the gender-related preferences of students admitted to college
(Charlesworth & Banaji, 2019). More specifically, the preferences of female students for
STEM fields appeared to have reduced, in contrast to their strong preference for health- and
education-related fields.

These results were confirmed by a recent study conducted in Ontario, Canada,
according to which the probability of 11th-grade males to enroll in physics and mathematics
fields was found to be significantly higher than females. In the opposite direction, the same
study reported the increased intention of female students to enroll in biology courses (Card
& Payne, 2021).

However, the differing attitudes of students towards STEM fields according to their
gender was found to be evident much earlier than at high school (Charlesworth & Banaji,
2019). In fact, prior to starting high school, more than twice as many males as females were
planning to take up jobs related to science or technology (Legewie & DiPrete, 2012). These
attitudes were also shown to be maintained at the high school level, and especially in
courses relevant to computer science, engineering, and other related fields (Cunningham et
el., 2015).

Based on the aforementioned research, it is clear that the preferences of school-age
students, in terms of their involvement in scientific domains, are related to their gender,
with males having the lead over females. However, does this mean that the learning
performance of male students in STEM fields is better than that of their female peers?

A recent study of high school students (eighth and ninth grade) in China found that
male and female students performed equally well in student-centered science classrooms
(Jiang et al., 2021). The same study also reported that female students responded better to
their teachers’ instructions than did their male counterparts. This may be explained by social
stereotyping that promotes household care as the primary responsibility of adult females
(Normile, 2006; Saujani, 2017), cultivating in females the tendency to keep a low profile
when doing tasks. Thus, when compared to males, female students are perhaps more likely
to cooperate with their teachers and, therefore, react better to their instruction (Jiang et al.,
2021). However, this finding did not appear to imply any differing performance level in
science-based courses for female students (Jiang et al., 2021).

The pertinent literature has highlighted factors that influence the attitudes of both
youth and young adult females towards STEM fields. A study conducted in Pittsburg and the
Bay Area of the United States with a sample of 2,900 sixth- and eighth-grade students
examined the interaction of endogenous and exogenous factors that motivate youth and
young adult females to pursue a career in science fields (Vincent-Ruz & Schunn, 2017). The
results showed that females, despite their willingness to participate in scientific discussions
and to experience science, lack sufficient support from their environment. This means that
they must have strong faith in their own abilities in order to successfully engage in scientific
fields (Vincent-Ruz & Schunn, 2017).

The study of Vincent-Ruz and Schunn (2017) revealed an underrepresentation of
adult females in STEM professions, as well as their reduced intention to engage in related
fields, due perhaps to social stereotyping. However, it has been recognized that no
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difference in their ability to meet the requirements of STEM fields has been found. In fact,
when starting out at school, females are not disadvantaged at all compared to males in their
STEM field performance. However, at some point during the first 4 years of school life, male
students’ skills in STEM fields appear to increase compared to those of their female peers
(Kahn & Ginther, 2017).

3. METHODOLOGY

The research study discussed in the current article took place under the umbrella of a
robust ethical framework (Cohen et al., 2013; Petousi & Sifaki, 2020) and with permission
granted by the Greek Ministry of Education. The study was conducted during the 2018-2019
school year on the Greek island of Crete and, more specifically, within Heraklion city, which
is the fourth largest city in Greece.

The thematic unit of the Environmental Study course which was selected to conduct
the current research was the eating habits of animals, based on children’s attention to
animals, even when tempting toys are available as a potential distraction (LoBue et al.,
2013).

Seeking to draw conclusions for the wider population of Heraklion city’s first- and
second-grade students, we adopted the cluster sampling method, as the probability
sampling method that would best serve our research needs (Acharya et al., 2013). This
method is employed when the target population cannot be examined in its entirety as it is
simply too large or widely dispersed. In such cases, the researcher can apply geographical
criteria in order to divide the study population into clusters, and to then choose some of
them for the study (Elfil & Negida, 2017; Etikan & Bala, 2017), either by simple random
sampling or systematic random sampling (Acharya et al., 2013). All of the individuals within
the selected clusters then participate in the formation of the sample (Cohen et al., 2013;
Etikan & Bala, 2017).

In order to strengthen the representativeness of the sample of our research study,
we selected schools from different areas of Heraklion city, aiming at reaching a sample of
students from various socioeconomic strata. This decision was based on literature findings
according to which the socioeconomic status of a family has been shown to play a key role in
the parental involvement and contribution in terms of students’ learning performance, as
well as in the beliefs and attitudes that children develop about the learning process and their
participation within it (Bempechat & Shernoff, 2012; Tan et al., 2020).

The final sample in the current study consisted of 435 first- and second-grade primary
school students. Applying the Cochran (2007) formula revealed that the sample was
sufficient in size for the intended research. Moreover, it was balanced according to both
gender and grade, with 210 females (48.28%) and 225 males (51.72%) having participated in
the study, of which 218 were first-graders (50.11%) and 217 were second-graders (49.89%).

The backbone of the research study was the PhysGramming (an acronym derived
from Physical Science Programming) digital platform, which we implemented from scratch to
satisfy the requirements of the proposed assessment method of algorithmic thinking skills
(Kanaki et al., 2020; Kanaki & Kalogiannakis, 2018, 2019). PhysGramming is of the game-
based, multidisciplinary, and constructivist character, and is aligned with good practices that
empower the usability of applications designed for young learners (Darejeh & Singh, 2013).
PhysGramming is compatible with common operating systems (Windows, Ubuntu, Android,
etc.) and can be run not only on personal computers, but also on smart mobile devices too,
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exploiting the advantages of adopting the use of smart mobile devices in today’s compulsory
education (Criollo-C et al., 2021; Kanaki et al., 2022).

Figure 3. Nine-piece dog puzzle Figure 4. 12-piece dog puzzle

Furthermore, PhysGramming is considered to be developmentally appropriate for
students in early childhood, providing them with the opportunity to play digital games that
they constructed themselves (Kanaki et al., 2020; Kanaki & Kalogiannakis, 2018). For
example, young students may paint, capture, or retrieve pictures embedded within
PhysGramming, which enables them to create their own puzzles of varying difficulty level
i.e., four-piece (see Figure 1), six-piece (see Figure 2), nine-piece (see Figure 3), and 12-piece
puzzles (see Figure 4).

In order to solve a puzzle, students have to rearrange its pieces. Each piece can be
moved horizontally, vertically, or diagonally, as long as its adjacent target cell is empty. As
the number of puzzle pieces increases, the number of pieces that do not have an empty
adjacent cell and, thus, cannot be rearranged, also increases. Therefore, solving puzzles with
a higher number of pieces becomes more demanding and requires more advanced
algorithmic thinking skills.

In order to estimate the level of students’ algorithmic thinking skills we examined the
most difficult puzzle they managed to solve, employing as evidence the number of its
constituent pieces. This information was derived from the log files of the PhysGramming
digital gaming platform. The proposed scale consisted of four grades: Basic (four-piece
puzzle), Medium (six-piece puzzle), Satisfactory (nine-piece puzzle), and Excellent (12-piece
puzzle).

In order to decide on the maximum number of puzzle pieces that PhysGramming
would provide, we took into account the nature of our intended study, as well as relevant
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studies in the early childhood literature that have employed jigsaw-type puzzles (Doherty et
al., 2021; Nieto-Marquez et al., 2020). Two factors led us to the decision that 12 would be
the maximum number of puzzle pieces used within PhysGramming. First, typical jigsaw
puzzles’ pieces can only interlock to the appropriate adjacent pieces, making the solving
process easier. Second, in the case of the current study, the participant students, while being
assessed, had to explore the functionality of PhysGramming and familiarize themselves with
the logic of solving its puzzles since they were only introduced to the platform the same day
that the research was conducted in the classroom.

4. FINDINGS
Construct Validity

Table 1. Distribution of relative frequencies

Relative frequency %
Algorithmic thinking levels v quency %

Male Female
Excellent 9.20 9.66
Satisfactory 19.08 13.56
Medium 19.08 18.85
Basic 4.37 6.21

Before delving into the examination of the correlation under investigation, let us first
look at the graphical representation of the research results (see Figure 5). Table 1 presents
the relative frequencies of occurrence of each algorithmic thinking level in relation to
gender.

Gender . Boys . Girls

Excellent Satisfactory Medium Basic
Algorithmic thinking level

20 1

= (3]
L L

% Relative frequeny

o
L

Figure 5. Relative frequencies of algorithmic thinking levels in relation to gender

In order to investigate the potential correlation between the algorithmic thinking
skills of young learners in their first and second grade and their gender, we assessed the
hypothesis, “The algorithmic thinking levels of students in the first two grades of primary
school are not related to their gender.”
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Table 2. Contingency table of observed frequencies of algorithmic thinking levels according

to gender
Gender
Algorithmic thinking Male Female Total
Excellent 40 42 82
Satisfactory 83 59 142
Medium 83 82 165
Basic 19 27 46
Total 225 210 435

Based on the study’s results, we constructed a contingency table of the observed
frequencies of algorithmic thinking levels in relation to the participant students’ gender (see
Table 2).

We then employed the contingency table of observed values (Table 2) to calculate
the relevant contingency table of expected frequencies (see Table 3).

Table 3. Contingency table of expected frequencies for algorithmic thinking levels
according to gender

Gender
Algorithmic thinking Male Female Total
Excellent 42.41 39.59 82
Satisfactory 73.45 68.55 142
Medium 85.34 79.66 165
Basic 23.79 22.21 46
Total 225 210 435

Based on the contingency tables, the chi-square was calculated as being 4.9912, the
degrees of freedom as df =3, and with a p-value of .1724. Since p > .05, we were able to
uphold the hypothesis. Thus, we accept that algorithmic thinking skills in early childhood are
not related to students’ gender.

5. DISCUSSION

The literature includes studies that have discussed the gender effect on the
development of CT skills. Notwithstanding, other studies have reported that males and
females are equally benefited by activities aimed at cultivating CT.

In a recent study by Angeli and Valanides (2020), 5 and 6-year-old students were
asked to implement educational activities employing Bee-Bot, with the aim of developing
their CT skills and, more precisely, their algorithmic thinking, sequencing, decomposition,
and debugging skills. The same study reported a statistically significant increase in learning
achievements between the initial and final assessment of young learners’ CT skills, with both
males and females having benefited from techniques employed to cultivate CT. However, a
statistically significant effect was found between gender and the techniques applied. More
specifically, it was shown that males benefited most when working alone, in the context of
spatial planning-related activities, while females benefited more from collaborative writing
activities (Angeli & Valanides, 2020).
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In another study, Relkin et al. (2020) focused on examining the CT skills of early-grade
primary school students, employing the innovative assessment tool ThechCheck. The study
endorsed the value of unplugged CT assessment methods, underlining the importance of
constructing age-appropriate assessment tools that do not require any prior programming
knowledge. In total, 758 students aged between 5 and 9 years’ old from eight primary
schools in the same school district in Virginia, United States, participated in the study. The
research findings revealed the absence of any significant difference between the students’
gender as far as exercising their CT skills was concerned. Moreover, they proved that gender
was not a predicting factor for CT competencies (Relkin et al., 2020).

Another study focused on the evaluation of coding skills and the development of CT
for learners aged 8 to 17 years’ old, with the aim of highlighting differences in their coding
depending on their gender. Objective measurements were used (monitoring the learners’
gaze), which were triangulated with qualitative data (interviews and observation), in order
to achieve a deeper understanding of the learners’ perspectives and practices. The study’s
findings revealed that the influence of gender on implementing coding activities was a
multifactorial phenomenon. According to the quantitative data analysis results, no
difference was found between the male and female participants in terms of their
performance. In contrast, the qualitative data and the evaluation of the digital toys that the
learners constructed revealed differences in the strategies and practices that they applied
whilst coding, as well as in their perceptions regarding the related activities. We conclude,
therefore, that female learners do not lack coding skills compared to their male
counterparts, but just approach coding activities in different ways (Papavlasopoulou et al.,
2020).

On the other hand, Roman-Gonzalez et al. (2017) conducted a study in which a tool
was developed for the evaluating of CT, and the authors reported a statistically significant
difference in favor of males when measuring CT levels. The survey was conducted in Spain
and its sample consisted of 1,251 students in the fifth to 10th grades. According to their
study, gender differentiation starts becoming statistically significant in the seventh and
eighth grades, while intensifying in the ninth and 10th grades. On the contrary, in the fifth
and sixth grades, there was no significant gender differentiation reported in terms of the
participant students’ academic performance (Romdan-Gonzdlez et al., 2017).

Jenson and Droumeva (2016), in their study which explored the development and the
evaluation of CT skills through coding activities, reported that gender differences in attitudes
toward computers and coding were established, with males exhibiting slightly higher self-
esteem and academic performances. The research sample in their study consisted of 60
students in their sixth grade, who were each asked to construct digital games using
GameMaker (Jenson & Droumeva, 2016).

Finally, other studies have presented gender as a predicting factor of CT skill levels,
within the context of its correlation with the computer sciences (Angeli & Giannakos, 2020;
Angeli & Valanides, 2020; Durak & Saritepeci, 2018). The most notable reason put forwards
for this assertion was the influence of gender roles on attitudes toward technology (Stein,
2004).

The results of the various research studies discussed in this section can be said to be
in line with the findings of the current research, in that gender is not a predicting factor of
algorithmic thinking levels in early childhood learners. Regarding the research studies that
established an association between CT levels and the learners’ gender, it is important to
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note that the studies included samples with older aged students, rather than young learners
in their first or second grade.

5.1 Limitations and future directions

Reflecting on the limitations of the current study, we recognize that the research
population was spatially limited since it consisted of students only from the city of Heraklion,
Crete. In order to address this limitation, we plan to extend our research to a national level
in the future.

Another limitation pertains to conducting the research study amid one thematic unit
of an Environmental Study course, i.e., animals’ eating habits. Our perspectives include the
conducting of a future largescale research study with the ultimate goal of confirming the
results of the current study within the context of other thematic units of the same
Environmental Study course.

6. CONCLUSION

Intrigued by the fact that females are insufficiently represented in STEM-related
domains, the current study explored the correlation between algorithmic thinking skills and
the gender of first- and second-grade students, within the context of an Environmental
Study course. The study’s results indicated the absence of any correlation between the
investigated fields, verifying the existing relevant literature which has shown that in the first
years of school, female learners have yet to form any negative attitude towards STEM fields
and, thus, gender was not found to be a predicting factor for CT skills such as algorithmic
thinking.

The current study adds to the efforts of eliminating the different opportunities that
students face in becoming dynamically involved in STEM fields based on their gender alone
(Ampartzaki et al., 2022; Master et al., 2016; Sax et al., 2017). Furthermore, it supports the
establishment of CT as a worldwide applicable competency set within the contemporary
digital era, and contributes to the scientific and instructional area of elaborating on gender
equity plans for the efficient introduction of CT into compulsory education.
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