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ABSTRACT
This paper presents a part of a study with 206 kindergarten children regarding repeat-
ing and growing patterns tasks. This part of the study examines the gender-based dif-
ferences in children’s responses to various tasks related to a particular pattern. The
children were given a repeating pattern comprising red circles and yellow squares
and were instructed to continue it. For each task, the children were given a set of
shapes and had to choose the appropriate ones to complete the task. One set
included only the necessary shapes, while the others had additional shapes and col-
ors. The results of the study indicate a significant relationship between gender and
performance concerning both correct responses and common errors.
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Introduction

Despite numerous studies and programs promoting gender equality, gender disparities persist in inter-
national assessments like PISA (Lu et al., 2023) and TIMSS (Mej�ıa-Rodr�ıguez et al., 2021). These differen-
ces can significantly impact individuals’ self-efficacy, competence, and aspirations, particularly in STEM
professions. The underrepresentation of women in leadership roles across mathematics, science, and
engineering gaps (Kahn & Ginther, 2017) further underscores the urgency of comprehending these dif-
ferences. Many studies examined gender differences in school (i.e Kaldo & ~Oun, 2020; Rodr�ıguez et al.,
2019), but comparatively few studies have investigated the emergence of early gender differences in
preschool settings. Studying and understanding these differences from early childhood is essential. Early
identification of potential disparities and understanding emerging gender differences in mathematics at
a young age allows educators and policymakers to intervene. Identifying these differences at early ages
can help implement targeted interventions and give all children equal opportunities to excel in math-
ematics. In this paper, we focus on this specific issue by examining the gender-related differences in the
ability to solve patterning tasks in kindergarten.

Repeating patterns are an important topic in the mathematical curriculum for kindergarten in many
countries. A pattern is a series of elements arranged according to a specific rule. Each element has a sin-
gle value determined by its place in the series so that the elements appear predictably. Patterns and
structures are considered the heart of algebraic thinking, which may be promoted by continuing a pat-
tern, identifying and describing the ‘general’ element of a pattern, and expressing and justifying these
generalizations (Mulligan et al., 2020).

Each patterning task has various characteristics that may affect the children’s performance, such as
the length of the given pattern, how it is presented to the children, the unit of repeat, and so forth.
This study focused on how different genders respond differently when changing the difficulty level of a
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repeating pattern task, and giving the children surplus elements to solve the task regarding the correct-
ness of the answers or the common errors. Understanding gender differences in how children respond
can help educators focus their instructions and design specific tasks to better meet all students’ needs.
For example, if certain misconceptions are more common among boys or girls, educators can design
activities and lessons to address and correct those misconceptions specifically. Moreover, patterns were
found to be predictors of numeracy outcomes of children (Borriello et al., 2023; Wijns, Verschaffel,
Smedt & Torbeyns, 2021). Understanding and overcoming gender gaps in patterns may lead to overcom-
ing gender gaps in numeracy.

Literature review

Gender differences in mathematics learning

The question of gender differences in mathematics has occupied researchers and educators for decades.
One reason for this is the underrepresentation of women in leadership positions in mathematics, sci-
ence, and engineering. A comprehensive analysis of population datasets spanning seven decades and
involving millions of students reveals that even though girls perform at least as well as boys in school
science subjects, and even after many years of policies and efforts, there are consistent gender dispar-
ities in STEM Involvement. The gender-based trends in participation in STEM fields and professions have
not shown significant change and women are notably lacking in fields such as physics, engineering, and
computing (Smith & White, 2024).

Also, gender differences in mathematics performance were found in international tests such as the
TIMSS (Mej�ıa-Rodr�ıguez et al., 2021) and PISA (Liu & Wilson, 2009; Lu et al., 2023).

In Israel, where this study was conducted, gender differences were found among students of various
age stages in national and international tests (David, 2021). The differences were found both in national
tests for elementary school, where differences in achievements were found in favor of the boys, and in
the school’s matriculation exams, where differences were found regarding the number of students learn-
ing high math level and excelling at it, and in the psychometric tests used as an entrance test for uni-
versities where differences indicate preferences, attitudes regarding mathematics or self-concept.

Previous studies found gender differences in mathematics learning concerning behavioral or emo-
tional aspects such as motivation and other emotional factors such as anxiety, self-efficacy, and self-con-
cept. For example, boys consistently reported significantly more positive attitudes about mathematics,
whereas girls reported more significant mathematics anxiety than boys (Else-Quest et al., 2010; Skaalvik
& Skaalvik, 2004), boys reported liking mathematics significantly more than girls (Ayebo & Dingel, 2021),
girls exhibited less positive attitudes about mathematics than boys and also lower motivation, worse
perception of competence, and higher rates of anxiety (Rodr�ıguez et al., 2020). Other researchers indi-
cated differences in learning strategies and found that girls showed more powerful organizing skills and
had better learning strategies than boys (Kaldo & ~Oun, 2020).

In kindergarten, such behavioral and emotional differences were also found: Differences in self-regula-
tion (Matthews et al., 2009), differences regarding attitudes toward mathematics (Patrick et al., 2009), dif-
ferences in self-esteem or self-concept (Herbert & Stipek, 2005; Lindberg et al., 2013). The findings on
gender differences in student knowledge, achievements, or performance are not just varied, but they
hold significant implications for our understanding of mathematics education. While some studies sug-
gest an advantage for boys, (Perez Mejias et al., 2021) or visual-spatial tasks (Carmichael, 2013), others
indicate an advantage for girls (Carmichael, 2013; Zhu et al. 2025), particularly in word problems, and
others found no differences (Ghasemi et al., 2019; Vessonen et al., 2024). Further studies reveal that dif-
ferences may not be in achievements but in the solution strategies chosen by students of different gen-
ders (Carr & Davis, 2001; Gallagher et al., 2000) or both the solution strategy and the errors they make
(Schreiber & Ashkenazi, 2024). All these studies indicate that girls prefer problems that require a system-
atic approach, or precise calculations. One of the possible reason they give is that girls tended to rate
their mathematical ability as lower than men, even when actual performance was similar, and thet girls
may feel less confident and therefore prefer a strategy that gives them confidence in arriving at the
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correct answer. In the present study I wanted to examine whether there are differences in solution strat-
egies and whether they may indicate the reason for such differences.

Examining gender achievement differences in kindergarten shows similar results. While some studies
found no differences (Fryer & Levitt, 2010; Singh & Krutikova, 2017), others found that the differences
were found only at the top or at the bottom of the distribution (Cimpian et al., 2016; Penner & Paret,
2008) and another study showed that no gender differences were found between the mathematical
achievements of the boys and girls, but the results suggest that they use different processes for solving
mathematical problems (Klein et al., 2010).

As far as I know, the relationship between gender and the types of answers (correct and incorrect) of
children has not been tested. In particular, such a relationship was not tested in kindergarten or regard-
ing solving a repeating pattern task. This study examined whether typical answers or common errors
exist for each gender.

Repeating patterns in kindergarten

The present study focuses on the mathematical topic of patterns, which is part of many countries’ math-
ematics curricula for kindergartens. Its importance is highlighted in policy documents and curricula.
Patterns and structures are considered the heart of algebraic thinking, which may be promoted by con-
tinuing a pattern, being able to identify and describe the ‘general’ element of a pattern, and expressing
and justifying these generalizations (Mulligan et al., 2020). Patterns may form the basis for understand-
ing recurring structures, which promote acquiring various mathematical concepts – such as variables,
functions, and algebraic expressions (Mulligan et al., 2020). The curriculum for mathematics in kindergar-
ten in Israel emphasizes that patterns may also lead to a high level of thinking – the ability to general-
ize. Patterns also may influence children’s mathematical competencies (L€uken et al., 2014) and predict
their broad mathematical and general numeracy knowledge (Zippert et al., 2020).

Recommendations for early ages suggest focusing on patterns with different characteristics, such as
color, position, and quantity, and presenting patterns in various ways, such as pictures, concrete ele-
ments, sounds, or movements. They also recommend various activities and patterning tasks such as
describing, creating, continuing, or completing a pattern (Mulligan et al., 2020, Papic et al., 2011; Wijns,
Verschaffel, De Smedt, De Keyser, et al., 2021).

The present study incorporates the task ‘Continue the pattern’, which, according to the curriculum in
many countries (including Israel) and many researchers, may promote mathematical thinking and gener-
alization abilities (Mulligan et al., 2020; Papic, 2007; Warren et al., 2012).

Studies that explored the factors influencing children’s performance and the difficulty level of repeat-
ing patterns tasks indicate the length and the complexity of the unit of repeat as significant factors
(Threlfall, 1999; Tsamir et al., 2018; Warren et al., 2012). Another factor that may influence children’s per-
formance is what we provide them so they can perform a given task. For example, suppose children are
asked to continue building a tower of blocks with a repeating pattern of yellow-blue-yellow-blue blocks.
In that case, we can provide them only blue and yellow blocks (just the exact necessary blocks) or
blocks in a wide range of colors, among them the blue and yellow required for the task. Such tasks with
surplus elements are more difficult for the children because they first need to identify and choose the
blocks appropriate for completing the task and then complete the task. Most studies that tested child-
ren’s performance in repeating patterns in kindergarten gave them precisely what they needed (Papic,
2007; Rittle-Johnson et al., 2013; Wijns, Verschaffel, De Smedt, De Keyser, et al., 2021). It is unclear how
surplus elements affect children’s patterning performance, particularly gender differences, so the present
study aims to investigate it.

Another aspect of patterning activities in kindergarten is the correct and wrong solutions children
provide to a given task. Past studies indicate that children spontaneously create repeating patterns while
playing and are naturally inclined toward them. However, it was also found that kindergarten children
have difficulties providing a verbal description of patterns and recognizing the basic repeating unit
(Tsamir et al., 2018). According to past studies, some of the typical errors that children make in pattern-
ing tasks are continuing a pattern randomly, repeating one element of the pattern systematically
(Clements & Sarama, 2007; Rittle-Johnson et al., 2013), copying the pattern (L€uken & Sauzet, 2021), or
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producing another repeating pattern (Rittle-Johnson et al., 2013). It is unclear whether different genders
make different errors in patterning tasks in kindergarten.

Research purpose and questions

The study aims to examine children’s performance in patterning tasks that provides surplus elements. It
also seeks to determine whether boys and girls respond differently and produce different solutions.

The research question is: Is there a relationship between children’s gender and their solutions for a
repeating pattern task when surplus elements are provided?

Methodology

Participants

Two hundred six children aged 4 to 6 (see the gender distribution in Table 1) participated in the study.
All the children attended kindergartens in the same area in Israel and were of the same socioeconomic
status (according to the Ministry of Education in Israel’s criteria). The children had previous experience
creating and continuing repeating patterns.

Instrument

The pattern chosen for this study consists of the following unit of repeat: red circle- yellow square.
According to the mathematics curriculum for kindergarten in Israel, repeating patterns should be taught
first with patterns that have one characteristic, such as color or shape (see examples in Figure 1a), and
then patterns that have two characteristics, such as color and quantity or color and shape, which is the
type of pattern chosen for the present study (see examples in Figure 1b).

The tasks were presented to the children as a computer game. The children performed in front of a
computer screen using software developed specifically for the study. Each time, one pattern appeared
on the computer screen with a set of shapes below it, from which the children chose the appropriate
shape (see one of the questions in Figure 2). The shapes were displayed to the children as boxes with a
figure of the shape so they could drag as many items of that shape as they wanted. The children were
asked to continue the pattern by ‘dragging’ the shape they chose.

Table 1. Age and gender of participants.
Age 4–5 years Age 5–6 years Total

Boys 57 57 114
Girls 42 50 92
Total 99 107 206

Figure 2. An example of the first question displayed on the computer screen.

Figure 1. Examples of repeating patterns of one or two characteristics.
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It is important to note that computer software was also used in previous studies (Highfield &
Mulligan, 2007). All the children who participated in this study were acquainted with computers and
were used to playing and studying using computer software.

This paper is part of a broader study and focuses on four questions for each set of shapes (see the
four sets in Figure 3).

Procedure

This paper presents part of a study in which the children participated in two sessions. There were no
time limitations, the children could have as much time as they wanted. The sessions lasted approxi-
mately ten to fifteen minutes with each child. The four questions reported in this paper needed
between 2 and 4minutes. Each child responded to the questionnaire in a quiet kindergarten side room
in the researcher’s presence. The computer software documented and recorded the children’s responses
(how they continued or completed the pattern and their oral responses).

Ethics-statement

The Chief Scientist of Israel’s Ministry of Education approved the study’s ethics. This study was con-
ducted as part of the requirements for a Ph.D. thesis in the Faculty of Education at TAU. The study’s
methodology was approved after being reviewed by senior faculty members. The research was carried
out under the supervision of the Ethics Committee of the Faculty of Education at the university. It
adhered to all the ethics rules: the participants’ parents signed consent for their participation in the
study, the privacy and anonymity of the participants were preserved, the information collected was used
for research purposes only, and the personal details would not be revealed.

Results

Only two answers were observed for the first question when only the necessary shapes and colors were
given. Both included the correct repeating unit- a yellow square and a red circle- but not all children
started correctly: 81% of the children started correctly, and 19% started with a red circle instead of a yel-
low square (see Figure 4). Since both answers kept repeating the unit of repeat of the given pattern,
both answers were considered correct.

The findings show that when children were presented with surplus shapes and colors, their perform-
ance suffered compared to tasks where they received only what was necessary. Approximately a third of
the children did not continue the pattern correctly, and boys’ performance suffered more than girls’. No
differences were found between the three questions with surplus items, and although in question four,
the children received more items than in questions two and three, the performance was similar.

Several incorrect answers were identified in these questions, and the repeating pattern was not main-
tained as expected (Figure 5 shows examples of incorrect continuations in children’s answers to question 4.
For answers to questions 2–3 see Appendices A and B):

1. Children continued the pattern randomly (see Figure 5a)
2. Children say it is impossible to continue the pattern.
3. Children continued the pattern with another repeating pattern (see Figure 5b)
4. Else – children who did not solve correctly and did not make one of the above errors. For

example, copying the set of shapes, constantly inserting the same shape, or referring to only
one of the variables (either the color or the shape).

Figure 3. The set of shapes given to the children in each question.
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Examining the findings (see Table 2), it was observed that in the first question, which was relatively
easy and where the children received only the shapes they needed, there were no differences between
boys and girls: 100% of both genders solved the task correctly. However, in the more difficult questions,
where the children received a set of shapes that included surplus shapes and colors, a significant rela-
tionship was found between gender and the type of answers the children gave.

The findings in Table 2 show that boys were significantly more inclined than girls to continue the
pattern with another repeating pattern or to continue it randomly. Girls tended to either solve correctly
or to answer that it was impossible to do the task.

Conclusions and discussion

This study examined kindergarten children’s response to increasing difficulty in a repeating pattern task
and gender differences in children’s answers.

Two hundred six children were given a repeating pattern task with a repetition unit of two variables:
color and shape (yellow square and red circle). In the first task, the children were asked to continue the

Figure 5. Examples of wrong continuations to the pattern in the fourth task.

Figure 4. The correct answers for the repeating pattern task.

Table 2. Number (and percent) of children answering each type of answer (Boys N¼ 114, Girls N¼ 92).
Correct Continued randomly Impossible to continue Different repeating pattern Else

v2Boys Girls Boys Girls Boys Girls Boys Girls Boys Girls

Q2 72 (63) 65 (71) 16 (14) 4 (4) 4 (4) 13 (14) 11 (10) 5 (5) 11 (10) 5 (5) 14.6��
Q3 70 (61) 69 (75) 15 (13) 3 (3) 4 (4) 9 (10) 18 (16) 10 (11) 7 (6) 1 (1) 14.5��
Q4 65 (57) 68 (74) 25 (22) 5 (5) 5 (5) 12 (13) 11 (10) 6 (6) 8 (7) 1 (1) 21.1��
��p< 0.01.
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pattern and were given only the items they needed to solve the task (yellow squares and red circles). In
this task, all the children succeeded without gender differences – 100% of the children repeated the
square-circle unit to continue the pattern they created. However, some started with a yellow square (as
expected), and some started with a red circle. It can be assumed that the children who did not start
with the correct shape solved the pattern rhythmically or copied the given pattern (Threlfall, 1999). They
do not solve by identifying the repeat unit and continuing with it. This finding emphasizes the impor-
tance that when teaching the repeating patterns, the kindergarten teacher should emphasize the identi-
fication of the unit of repeat and continue in a way that keeps the repetition.

Increasing the difficulty level of the given repetitive model task was done when the children were given
additional items besides the ones they needed to complete the task. In the first question, they were given
surplus colors; in the second question, they were given surplus shapes; in the third question, they were
given both surplus colors and surplus shapes. As expected, it was found that in these three questions,
about a third of the children did not continue the pattern as expected, which created an incorrect con-
tinuation. In these questions, two innovative findings were found compared to previous studies.

The first and most significant finding is that significant differences were found between boys and girls
concerning the type of answer received and the type of continuation of the pattern they created.
Differences in students’ types of answers were found in previous research in which differences were
found regarding errors as well as in correct various ways to the right answer and also it was concerning
high school older students and not kindergarteners (Schreiber & Ashkenazi, 2024). In the present
research, several differences were found: (a) Girls were more likely to solve correctly, meaning that girls
are more likely to recognize the repetition unit and act on it and are less prone to the distraction of sur-
plus items. (b) Girls were more likely to say that there is no solution, a finding that was not observed in
previous studies and which can indicate a lack of confidence or reluctance to answer when they do not
find an immediate answer or are not sure of the correctness of their solution. The girls who said that
there was no solution were girls who solved the pattern correctly. They did not answer at all or even try
to answer. They immediately said there was no solution. This could indicate a lack of confidence, fear of
making a mistake, fear of trying, or waiting and thinking if the answer is not immediate. This may indi-
cate that this answer stems from a lack of self-efficacy because they are not confident about their ability
to solve and prefer to avoid answering. This reinforces findings suggesting that girls tend to lack confi-
dence in mathematics more than boys (e.g. Herbert & Stipek, 2005; Lindberg et al., 2013). This finding
suggests that kindergarten teachers need to strengthen girls’ self-efficacy and encourage a response
even when insecurity and lack of cooperation are demonstrated. (c) Boys were more prone to continue
the pattern randomly, an error observed in previous studies (e.g. Rittle-Johnson et al., 2013), or copying
the items given to them in order. This can be explained by the fact that the children were distracted by
the surplus items and did not concentrate on finding the items needed to continue the model. This find-
ing may indicate that the boys do not solve the repeating pattern tasks by looking for the unit of repeti-
tion, and it emphasizes the need to do it in the teaching process. (d) Boys tended to continue the
pattern by another repeating pattern, a finding observed in previous studies (e.g. Rittle-Johnson et al.,
2013), which could be explained in several ways. Maybe the boys solve rhythmically and suggest a solu-
tion to another pattern with the same rhythmicity, or maybe the boys cannot find the items they need
due to the distraction of surplus items. They look for an alternative solution since there is ‘no’ solution.
This type of response has been found in other studies when children were given a task with no solution
and looked for an alternative solution. This finding may suggest that kindergarten teachers need to
strengthen the boys’ recognition of the repetition unit, not allow a rhythmic solution, and let them iden-
tify the correct items that make up the repetition unit, even among many items.

The second finding is that no significant difference was found between the children’s answers to
these questions, even though the children were given more items in the third question than in the
other two questions. This can be explained by the assumption that surplus items distract and confuse
the children, and it does not matter if they receive a few more items. Also, almost everyone who did
not answer the question with surplus colors correctly did not correctly answer the question with surplus
shapes. Giving surplus items created different responses, and no one variable (color or shape) stood out
to the children or was more significant for them than the other variable. This finding implies that the
children solve repeating pattern tasks rhythmically without recognizing the unit of repeat and the rule
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of the pattern, as implied by the solution of the first task. This finding emphasizes the importance of
identifying the repeating unit of the pattern, identifying its components, and repeating it. During the
teaching, it is recommended that the kindergarten teacher give tasks of identifying the repetition unit
and its components, as well as tasks in which the children must find the items they need to build and
continue the model from an item folder.

The findings may suggest the way that pattern tasks are taught in kindergarten. This implies that
teachers do not show and explain the rules according to which patterns are built and how to generalize
them; instead, they show how to solve specific tasks, focusing on the given patterns and how to con-
tinue them technically. Such a method might help children solve repeating pattern tasks: previous stud-
ies indicated that children could succeed in continuing repeating patterns by using a procedural or
rhythmic approach (Threlfall, 1999). This way does not fulfill the goal of mathematics teaching in kinder-
garten. The primary purpose of learning patterns is generalization – therefore, it should be an essential
aspect of teaching patterns. The results emphasize that kindergarten teachers should focus their explan-
ations on the pattern’s structure – emphasize it, verbalize it, and give tasks in which the child is asked
to identify the repeating unit and explain how the pattern is built.

Studying gender differences in mathematics at the kindergarten level is crucial for promoting equal-
ity, addressing biases, and ensuring all children reach their full potential in mathematics and beyond.
This study’s findings indicate that repeating patterns should be taught in kindergarten with a response
adapted to the different genders. The study’s limitations are the small number of participants and the
small number of tasks. Therefore, it is possible to propose follow-up studies with more participants, pat-
terns, and tasks.
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