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Abstract

From an early age on, children possess an intrinsic curiosity toward their
environment, they explore and search for information to make sense of the
world. This exploration is often driven by their curiosity toward new in-
formation. Even though they are naturally active learners and explorers,
research shows that they express it less and less as they start with formal ed-
ucation. To understand school-age children’s exploration behavior driven by
their curiosity, we assessed them in a self-directed learning environment and
examined their learning patterns in terms of in-depth and in-breadth. Eight
to twelve-year-olds (N = 75) explored questions and explanations in a three-
day workshop on Qualtrics. On each day, a new main topic with 5 subtopics
was added to the workshop. Children explored this learning environment
freely for 10 minutes and then answered questions about the information they
gathered. The assessment of the relationship between their learning patterns,
individual differences and outcome variables showed that children’s learning
patterns, together with age and socioeconomic status, were related to the
amount of information they gathered, but did not have an effect on the accu-
racy of the information recalled later. Importantly, younger children from the
higher SES group were more likely to explore new information rather than
repeat the older ones. The findings suggest new directions for future research

and new implications for formal education.

Keywords: Exploration, Curiosity, Learning, In-depth learning, In-breadth
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1 Introduction

Why is the sky blue? Why do people get old? Is there another planet like Earth?
Children are natural question askers. From an early age on, they search for infor-
mation to learn and make sense of the world. They spontaneously explore the world
around them and develop new knowledge. This exploration is often not driven by
externally imposed rewards but is motivated by their insatiable curiosity. Research
examining young children’s questions in everyday parent-child conversations found
that starting from the age of 2 until 5 children ask around 95 questions an hour,
in other words, 3 questions every 2 minutes when accompanied by parents older
(Chouinard et al., 2007). The vast majority of these questions were information-
seeking with an increasing percentage as children get older. Moreover, the questions
shifted from fact-seeking to explanation-seeking questions that build on fact, signi-
fying their will to understand the world.

We all have met that kid sometime in our life who can’t seem to get enough
information about dinosaurs, about their names, eras, habits and so on. This al-
most universal phenomenon is an obvious indicator that while children ask lots of
questions about everything around them, some children can become deeply occupied
with one topic of their interest and can concentrate their questions and exploration
on it. In other words, they can learn about anything in general while they can also
follow their curiosity and interest to deeply engage with a specific topic. These two
different styles of learning can be traced to the well-known dichotomy of “jack of
all trades” and “master of one”. “Jack of all trades” refers to someone who tends
to learn in breadth and have a general knowledge about all sorts of things, while
“master of one” refers to someone who has an in-depth knowledge of a topic and
so, tends to learn in depth. These two styles do not need to exclude each other as
someone can have in-depth knowledge about a certain topic and at the same time
be eager to learn anything that grabs her attention. Yet, from the moment children
start primary school, the question “how do they learn?” transforms to “how to teach

them?” and learning patterns become a subject of teaching and curriculum design
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(Beittel et al., 1961; Gallagher and Stepien, 1996; Hirsch, E. D., Jr., 2001; Schwartz
et al., 2009). Interestingly, following their transition to school, children have signifi-
cantly less intense interest aka interest in in-depth learning (Alexander et al., 2008),
less intrinsic motivation (Anderman and Maehr, 1994; Lepper et al., 2005; Sansone
and Morgan, 1992) and less curiosity (Tizard and Hughes, 1984; Engel, 2011). This
erosion in interest, intrinsic motivation, and curiosity, which are all associated with
better learning outcomes, raises questions about the relationship between schooling
and children’s learning.

In the light of prior research, this study aims to explore the difference in school-
aged children’s learning styles of in-depth and in-breadth learning and investigate
its relationship with their age, active learning capabilities, intrinsic motivation and
learning outcomes. In the following, we review the prior research on children’s in-
depth/in-breadth learning, curiosity, interest, and exploration and, their relation
to each other. Considering that the studies in the literature have been conducted
mostly in Western culture while our study was conducted in a non-Western culture,
the educational context in Egypt is also reviewed with the reasons why children’s

learning behaviors may differ across diverse cultures and SES groups.

1.1 In-Depth vs In-Breadth Learning
1.1.1 Preschool children

Some young children express an intense interest in various objects or concepts and,
become captivated by them. In a study conducted with 117 parents, DeLoache et al.
(2007) revealed that nearly one-third of young children display extremely intense
interest which refers to an intense, occasionally very close to obsessive, affinity to
things in their interest group e.g. vehicles, trains, or dinosaurs. Interestingly, almost
30 years ago, Chi et al. (1989) realized the kids who were particularly interested in
dinosaurs and started a research project to understand how domain-specific knowl-
edge (e.g. knowledge about dinosaurs) is structured and how it is used. They divided

children based on their prior knowledge of dinosaurs as either experts or novices and
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gave them both general and domain-specific tasks such as sorting dinosaurs, and an-
swering questions about their family, diet, habitat, defense mechanisms, etc. They
made sure that some dinosaurs were novel to both experts and novices by construct-
ing dinosaurs by transposing the features of the existing ones to ensure that they
would speculate based on their own knowledge. The results indicated that expert
children’s knowledge about dinosaurs is more coherent and hierarchically structured
to include taxonomic categories. Even though expert and novice children did not
differ in their general use of learning strategies when dinosaurs were not involved,
expert children outperformed novice children in using domain knowledge to infer
and back their causal reasoning about the dinosaurs which was novel to both of the
groups. Though the study wasn’t longitudinal and the sample size was relatively
small, results suggest that conceptual interests lead to deep, often taxonomically
organized, hierarchical knowledge in that particular domain which can serve as a
base to enhance learning and retrieval of information in that domain.

A more recent study that investigated the factors that are associated with intense
interest, with a relatively large sample of 4-year-olds found that children’s cogni-
tive abilities (verbal intelligence, impulsivity, and working memory) together with
their home environment e.g. the spared time for free play, consistency, and commu-
nication are important determinants of the sustainment of the conceptual interest
(Johnson et al., 2004). Considering that preschoolers access conceptual knowledge
through their parents e.g. asking them questions, reading related books, buying
related toys, playing, etc. (Leibham et al., 2005; DeLoache et al., 2007), the role
committed parents play is not surprising. They provide preschoolers the opportu-
nity to ask curiosity questions and feed their knowledge with informative answers
(Chouinard et al., 2007). In fact, a more recent study examined the relationship
between the characteristics of parental explanations to biology-related questions and
preschool children’s knowledge, revealing that the frequency of correct parental re-
sponses predicts verbal intelligence and biology knowledge of children (Mills et al.,
2022)
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Unlike early childhood years, a primary school might not provide the opportu-
nity to explore one’s intense interests and curiosity. A latent growth curve analysis
revealed that the probability of having a conceptual interest declined as children
transitioned to formal schooling. One can explain this as a coincidence in the de-
velopmental trajectory. Children might be learning how to distribute their interests
evenly as they age which can intersect with their schooling. However, a closer
look at the traditional education system and its relation to children’s curiosity and
interest may tell a different story. Research showed that children exhibit less con-
ceptual interest as formal education began(Alexander et al., 2008; Helmke, 1993;
Krapp, 1999a). Moreover, an abundance of prior research indicates that intrinsic
motivation in learning gradually decreases as children move through the educational
system (Anderman and Maehr, 1994; Lepper et al., 2005). Similarly, the curiosity
children express seems to be diminishing once they transition to school. Tizard and
Hughes (1984) revealed that toddlers who asked many questions to their parents
asked almost no questions during their time at preschool. In another study, Engel
(2009, 2011) unintentionally revealed that the same is valid for school kids when
she wanted to study individual differences among curiosity questions but failed to
do so due to the lack of curiosity expressed in the classroom. Conceptual interests
have an opportunity to flourish especially during preschool years, however, things
seem to reverse. Possible reasons include in the school there are more children, less
time for individual questions, a curriculum to catch, and most importantly a will to

shape the children.

1.1.2 School children

As children transition to formal schooling, the focus of the research transition from
how children learn to how to teach them. Thus, “depth” and “breadth” are con-
sidered instruction methods rather than learning styles. An earlier study compared
the effectiveness of a “depth” and “breadth” method with a control group in art

instruction in the 9th grade (Beittel et al., 1961). While in the depth program they
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allowed students to focus on one specific area of study e.g. painting via different
activities and materials, they allowed the same but on a variety of subjects that
were chosen in a way to accommodate the different preferences in students’ interest.
Results suggested that the breadth method was more popular both among the stu-
dents and in high schools in general, even though the depth method led to a greater
knowledge gain that was sustained longer. The study concluded that research re-
sults should be opted for student preferences at determining the kind of teaching
they need. Similarly, though not that strict, other studies conducted in different
fields (Gallagher and Stepien, 1996; Schwartz et al., 2009) concluded that schools
should pursue an in-depth method of teaching for greater learning outcomes.

The two lines of research explored above are interestingly in-line with the well-
known parenting metaphor of “the gardener and the carpenter”. In her book, Gopnik
(2016) describes this metaphor as, “the gardener” creates an environment for the
child to flourish and helps her to become who she is while “the carpenter” shapes the
child like a raw material into the final product in his head like a chair or a door. She
also states that preschool children and childcare workers tend to have an approach
similar to the “gardener” model which is similar to the pattern of a gardener-like
approach in preschool research and more carpenter-like patterns in the research
about school-aged children. In response to the carpenter approach dominating school
education literature, there are also researchers that call education practitioners and
other researchers to stimulate children’s epistemic curiosity (Engel, 2011; Pluck, G.
and Johnson, H. L., 2011) and interest (Hidi and Renninger, 2020; Schraw et al.,
2001) to provide them a space they would like to explore and so that learning in
the classroom. Before moving further, we need to clarify the concepts of epistemic
curiosity and situational interest used in this study. Epistemic curiosity refers to
a desire for knowledge in response to experiencing a feeling of missing information
or a novel stimulus that violates expectations (Berlyne, 1962; Grossnickle, 2016;
Loewenstein, 1994) and while situational interest refers to an affective reaction to

novel stimuli and requires no lack of information to be triggered. Recent research
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asserts conflicting results about whether these are in fact two distinct constructs or
not. A review of Shin and Kim (2019) points out that they differ in many dimensions
e.g. their theory, neurological underpinnings, arousing factors and related emotions,
while a more recent experimental study indicates that both epistemic curiosity and
situational interest refer to the same underlying psychological mechanism (Schmidt
and Rotgans, 2021). Considering the scope and the method of the current study,

we will adopt the latter finding in the rest of the study.

1.2 Curiosity — What makes children explore?

A study by Engel and Hackmann (2002) revealed that in a survey, over 70% of the
teachers choose curiosity as one of the five characteristics they aim to assure which
implies a consensus about the positive relationship between curiosity and learning.
The pioneering work of Piaget (1954) and contemporary psychologists following his
lead have underlined the importance of curiosity as a driving force for exploration
and showed that children learn by actively exploring their environments and engag-
ing with it and asking questions to construct their own knowledge (Chouinard et al.,
2007; Harris, 2012a), and school-aged children are no exception of that (Cook et al.,
2011; Liquin and Gopnik, 2022; Meder et al., 2021).

1.2.1 Deprivation Theory of Curiosity

At this point, for the sake of curiosity-friendly education, we ask ourselves: “What
makes children curious? What makes them want to learn more about something?”
The desire for knowledge According to the information-gap theory of curiosity of
Loewenstein (1994) individuals become curious and eager to learn when they be-
come aware of the existence of an information gap in their knowledge. The theory is
also called the deprivation theory of curiosity as encountering missing information
aka an information gap in their knowledge produces a feeling of deprivation they
want to avoid, which leads them to attempt to obtain the missing information and

engage in learning. This desire to acquire new knowledge and eliminate information

11
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gaps is also called epistemic curiosity (Berlyne, 1954; Loewenstein, 1994). According
to Loewenstein (1994), one of the situational factors that induce the effect of depri-
vation and perhaps the most straightforward curiosity inducer is posing a question,
since a question directly challenges the individual’s lack of information. The work
of Jirout and Klahr (2012) showed that the deprivation theory of curiosity provides

a solid framework to study children’s curiosity too.

1.2.2 Actively exploring and learning

Several studies examined this theory’s relevance to children’s learning process across
their development. Building on the notion that recognizing that there is an infor-
mation gap between what one knows and what one ought to know is a crucial
part of learning, studies examined whether children could differentiate an ignorant
or inaccurate informant from a knowledgeable informant and adjust their inquiries
accordingly (Mills and Landrum, 2016) and whether they can distinguish a weak
explanation from a strong explanation and engage with additional learning to fill
the gap caused by the weak explanation (Mills et al., 2017, 2019). Legare (2014)
suggested that there is a link between explanation and exploration as explaining
something prompts one to reflect on what one knows and does not know which
leads to exploration. Extending this work, Danovitch and Mills (2018) asserted that
children use the explanations they receive to reflect on what they know and don’t
know and engage in exploration and thus, additional learning to address the lack
of knowledge they perceived. Additionally, they suggested that this additional ex-
ploration depends on their perception of if i) there is more to be learned, ii) there
is a gap in their knowledge, and iii) further exploration is encouraged by one’s en-
vironment. A study conducted by Ruggeri et al. (2016a) on active learning and
exploration behavior showed that, unlike adults, children continue to explore and
learn even after they eliminate the information gap, suggesting that it may not only
a feeling of deprivation but also a desire to maximize acquired information that

leads exploration in children. In fact, considering the scope of the things they want

12
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to learn about and retaining the idea that they are active learners, children’s explo-
ration includes a good amount of asking questions in it as they grow older (Harris,
2012b; Harris and Koenig, 2006). Therefore, the ability to actively ask questions to
other people to gather information and merge it with what they learn through other
means such as observation and trial and error is a very strong learning mechanism in
children’s learning (Ronfard et al., 2018). Another important aspect of exploration
and active learning is its widely accepted enhancement effect on learning (Markant
et al., 2016; Bruner et al., 1976; Gureckis and Markant, 2012; Montessori, 1964;
Piaget and Valsinen, 2017). A few recent studies have revealed that active control
over the information to be gathered (Sim et al., 2015) and, the order and pace of
the stimuli presented (Ruggeri et al., 2016b) enhance memory when compared to
the yoked condition in elementary school children. A more recent study conducted
with 5-11-year-old children by Ruggeri et al. (2019) revealed that the advantage
of active learning over memory is relatively low among 5-year-olds, however, it be-
comes comparable to adults’ performance by the age of 8. Even though the idea of
learning is enhanced when the learning process is actively controlled by the learner
is old and widely accepted in the literature there is also some research that takes
a rather critical perspective on the issue and challenges the link between curiosity,
self-directed learning and better learning outcomes (Kirschner and van Merriénboer,
2013; Wade and Kidd, 2019). For that very reason, in this study, we included an
active learning task and a recall memory task in the main procedure which is a

self-directed learning paradigm.

1.3 Education in Egypt

While doing research, reading the literature, and interpreting the results, we should
always keep in the back of our minds that most of the time these studies are con-
ducted in Western countries. Thus, the participants were usually children growing
up in Western cultural contexts which resulted in very limited knowledge about

whether children’s ways of exploring and question-asking vary in different socio-
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cultural contexts. In a cross-cultural study conducted with children from Belize,
Kenya, Nepal, and American Samoa, Gauvain et al. (2013) stated that even though
the number of questions children asked is comparable to their western peers, the pro-
portion of explanation-seeking questions was significantly lower. Unliitabak et al.
(2019) have shown the same difference in the proportion of explanation-seeking ques-
tions in a study conducted with Turkish children. However, besides the effect of the
culture, they also showed samples from different cultures do also vary in terms of
their socioeconomic status (SES) as children from low SES were more in number in
the Turkish sample. The cultural difference might stem from what these cultures
prioritize as children’s independence and self-confidence are emphasized in Western
cultures while being quiet, showing respect, and not questioning the knowledgeable
adults around them are reinforced in some non-Western cultures. Besides the macro
culture, a micro-culture within the family that either encourages children’s auton-
omy and exploration or nurtures children’s obedience can affect children’s learning
behavior. Since SES consists of multiple facets such as parental education, income
levels, and the social environment nourished by it, it can explain some of the indi-
vidual differences children have (Kurkul and Corriveau, 2018). Even though it can
be expected that culture and SES may influence children’s exploratory behaviors,
research in different cultures and SES groups are quite limited. With the hope of
contributing to this line of research, the current study examined the learning pat-
terns of children from low to middle-low SES in Egypt. According to Langsten and
Hassan (2018) study that reviewed data from 1988 to 2014, Egypt is a develop-
ing country that pursues Universal Primary Education that is encouraged by the
United Nation’s educational millennium development (United Nations, 2005). The
aim of this program is to ensure that all girls and boys complete free, equitable, and
primary education. Langsten and Hassan (2018) study showed that even though
Egypt showed improvement toward the goal of universal equal education, only high
SES children achieved that level. Fostering preschool education, bridging the gap

between children from low SES families in rural areas and children from urban areas
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and equal opportunities for girls are some of the future goals of the country [for a
detailed background see (Egypt Ministry of Education. National Center for Educa-
tional Research and Development and UNESCO Office Cairo and Regional Bureau

for Science in the Arab States, 2014).

1.4 The current study

In light of the literature reviewed above, the current study addresses the in-depth and
in-breadth learning pattern in children and their relationship to SES, active learning
abilities, motivation and age by conducting an experimental study via a self-directed
learning environment. As a similar design to Mills (2019), we created a self-directed
learning environment on Qualtrics to be explored on a tablet to allow children to
direct their own information gathering and exploration in a three-day workshop.
We called this self-directed learning environment TRIVIA, since it included “Did
you know that..?” type of interesting pieces of information that are not necessarily
treated as valuable in the schools. In TRIVIA, children tap on a weird animal of their
choice and the question they want to learn about. After learning about that piece
of information they return to the main menu to choose again either the same animal
or a different one. On the second and third days, other main topics were added
to the main menu in addition to animals, to assess the effect of novelty and have
a comparable learning environment in terms of ecological validity since they don’t
always learn about the same topic in the schools. Since TRIVIA allowed children to
guide their own learning experience rather than answering to stimuli chosen by an
experimenter, it made it more likely that children would indicate interest in exploring
the environment out of self-interest rather than out of a need to fit in with their peers
(Mills et al., 2019). To our knowledge, there is no prior research conducted about
school-aged children’s learning patterns with a self-directed learning tool. In this
study, we expected to find a positive relationship between the amount of exploration
and children’s active learning abilities and motivation. We hypothesized that even

though younger children cannot catch up on the amount of information explored
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by their older peers, in proportion wise they would perform comparably. Since
this is the first use of a self-directed learning environment to assess in-depth and
in-breadth learning, our approach is exploratory and aims to understand whether
children adopt different patterns of exploring and if yes, how is it related to other

individual factors and outcome variables.

2 Method

2.1 Participants

Participants: Participants were seventy-two 8- to 12-year-olds (M= 9.9,SD= 1.43,
40 females) from an Educational foundation, Amena Bent Wahb, which is based
in Giza, Egypt. All participants were students in primary school, able to read,
comprehend and speak fluent Arabic. Children were tested in a quiet environment by
one experimenter and each session took around 30 minutes. An additional 3 children
took part in the study but were dropped, due to having the same anonymized ID
(2 of the children had by chance names and surnames that started with the same
letter and were born on the same day and month. We found out about it since they
have the same ID but different genders and age) and due to dropping off after the
first day (1 child).

2.2 Materials and design

This study was conducted as a 3-day workshop that consists of a self-directed learn-
ing environment called TRIVIA. On the first day, TRIVIA included one main cat-
egory, which is “animals” and 5 subcategories which were “pangolin, pink fairy ar-
madillo, narwhal, naked mole rat, and platypus”. Each of these uncommon animals
had 5 pieces of fun-fact questions such as “Why do pink fairy armadillos have a pink
shell?”. On the second day, another main topic joined the scene which was the “uni-
verse”. Similarly, the main topic of the "universe” consisted of 5 subcategories which

were “Earth, Sun, galaxies, moons, and Venus” each including 5 fun-fact questions.
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On the third day, the last topic of "food” was added to the main topics. The food
category included “fruits, vegetables, junk food, cuisines, and poisonous foods”. In
total first day had 25 questions, the second day had 50 questions, and the third day
had 75 questions to explore. See Figure 1 and Table 1). The appearance of main
topics, subtopics and questions were counterbalanced on each day. Both questions
and answers were prepared as 1920x1080 visuals via Canva which is a free graphic
design platform. Questions and answers were translated to Arabic by a colleague
from Egypt whose mother tongue is Arabic. Three separate Qualtrics surveys were
created for three successive days. The surveys allowed children to explore in a loop
of “choosing a topic from main topics — choosing a subtopic — choosing a question
— learning the answer — choosing the main topic” until their 10-minute time was
up. We didn’t restrict the number of pieces of information they can explore, since a
recent finding stated that restrictions led to less selective information seeking (Mills
et al., 2019) At the end of the exploration, children were given a recall task that con-
sisted of a maximum of 5 multiple-choice questions about the pieces of information

they explored.

2.3 Individual measures

Individual differences were assessed through three different measures: an SES scale
presented to the parents, a 13-question motivation questionnaire that measures in-
trinsic and extrinsic motivation for learning at school, and an active learning task.
While motivation and SES questionnaires were filled on the first day of the study
before introducing TRIVIA, the active learning task was presented at the end of
the third day within the same Qualtrics survey. Children’s motivation was mea-
sured with the Motivational Regulation Scale of 7 which is a 13 items scale based
on the Self Determination Theory of ?. The socioeconomic status of the children
was assessed with the SES scale of El-Gilany et al. (2012). The scale consisted of
seven domains that are education and cultural domain, occupation domain, family

possessions domain, family domain, home sanitation domain, economic domain and
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health care domain. The scale is adapted to Egypt and has a Cronbach’s alpha of
.66. The active learning task consisted of a total of 8 videos half of which introduced
the tasks, and the other half asked the questions. The videos were adapted from two
different active learning studies and vocalized in Arabic by a native speaker. First,
children were introduced to how to play a spatial search task, a maze-exploration
game by 80 seconds long. Then they were presented with three 20-second long videos
in which they had to find out the better move among two options to find out the
one path that goes through the maze (Swaboda et al., 2022). In the second part
of the task, children watched 3 introductory videos, 29, 38, and 40 seconds long
respectively, about two different agents aka monsters that solve a 20-question game
to discover a target object by asking yes/no questions. In the 48-second long final
video, children were reminded how each agent played the 20-questions game and
asked to choose the one who played the game better than the other (Swaboda and
Ruggeri, 2022). In each question, children were provided two options and asked to

choose the better one. See Figure 2.

2.4 Procedure
2.4.1 Day 1

Prior to the study, recruited participants were reached, informed about the study;,
and asked to bring their tablets with them to participate. On the first day, parents
were informed again and signed an informed consent sheet to allow the participation
of their children. Children were taken to another room and informed about the
purpose of the study. They were told that the aim of this study was to find out how
children at their age learn information about different topics and how they solve
puzzles. In addition, they were informed that they can quit whenever they wanted,
they will play a learning game and will receive a participation certificate and goodie
bags once the games were over.

After making sure that each child has an internet connection on their tablet,

children were introduced to the game of Day 1 on Qualtrics and were asked to
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create their anonymized IDs by putting the initials of their first and last name,
their birthday, and their birth month, respectively. For example, assuming that
she was born on the 14th of September, the ID of the author of this work would
have been “HA1409”. Each child started with the testing by putting their IDs in.
As a first step, they filled out a 5-point Likert scale to assess the motivation they
have for learning at the school. In the next step, TRIVIA was introduced. On Day
1, TRIVIA had one main topic which was “Animals” and 5 uncommon animals
as subtopics that includes 5 fun-fact questions in it. Children were told that they
have 10 minutes of time to explore this game to learn about different animals of
their choice and they can choose the same animal or a different one. Each time
they explored a piece of information, they were sent to the main menu to choose
the next animal they wanted to learn about. The experimenter was present in the
room during this phase to answer children’s questions about the game when they
had any, such as “Can I open the same question? Yes, you can.” or when they had
a problem with the internet connection. As the internet connection was not stable
in the area, some kids were disconnected from the game and had to log in again.
While children were playing in this self-directed learning environment, parents were
asked to fill out the SES questionnaire on paper. When the time was up they were
asked to tap on the “quit” button to start the quiz about the information they had
gathered. Due to the technical error, we realized later, that rather than a maximum
of 5 recall questions, children were asked as many recall questions as the number of
information they gathered, meaning that children who explored more had to answer

more questions.

2.4.2 Day 2

On Day 2, the procedure was almost the same as on Day 1. Children logged in on
the second day’s link with the IDs they used on the first day. They directly started
with TRIVIA which had a new main topic, “universe” besides the old one, animals.

Children were informed that today they have 2 main topics and 5 subcategories
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each but similar to yesterday, they had 10 minutes to explore. After gathering
information for 10 days, children were asked to quit and answer the recall questions.
The error of an unlimited number of recall questions was still unfixed as we realized

it at the end of the second day.

2.4.3 Day 3

Similar to Day 2, on Day 3 children were asked to log in with their IDs and start
exploring TRIVIA. They got introduced to the third main topic, “food” and its 5
subtopics. Children had again 10 minutes time to explore and gather information.
The error with the number of recall questions was solved, meaning that regardless
of how many pieces of information they visited, they received a maximum of five
questions to answer to assess the accuracy of their recall memory. After completing
the exploration and recall phase, they were presented with the active learning task.
The active learning task was composed of two different games: a maze-exploration
game and a 20-questions game. With these games, children’s ability to distinguish
the question that leads faster to the correct answer was assessed. With the com-
pletion of the active learning task, the 3-day workshop of TRIVIA was finished.
Children and their parents were thanked for their participation and received their

participation certificates and goodie bags.

3 Results

3.1 Overview

The statistical analyses were conducted using RStudio software. We first report
analyses investigating whether Day 1, Day 2, and Day 3 differed from each other in
terms of children’s performances by assessing the effect of new topics on the amount
of exploration. (Section 3.2). This part consists of within-subject statistical analyses
since the same children participated on the three subsequent days. Next, we assess

whether individual differences can explain the differences in children’s performances.
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Finally, we report analyses that assess children’s in-depth and in-breadth exploration

in relation to their performance on these three days and their individual differences.

3.2 Investigating how children performed on Day 1, Day 2,

and Day 3

To assess how children’s exploration differ when the number of topics increased from
Day 1 to Day 3, we compared their performances on these three days.
1) Does the number of questions explored differ from each other on different days?

First, we checked whether the total number of questions children explored dif-
fered from each other on Day 1, Day 2, and Day 3 as the number of main topics
and subtopics, thus the number of questions had increased from the first to the last
day. After checking for the assumptions for parametric analysis, we conducted an
ANOVA test to compare the total number of questions explored on Day 1, Day 2,
and Day 3. The result showed that the number of questions explored was statis-
tically significantly different on different days, F(1.72, 122.3)= 88797, p < .001, n
= .332. Post-hoc comparisons using the Bonferroni correction indicated that the
mean of the number of questions explored on Day 3 (M = 17.21, SD = 8.16) was
significantly more than Day 2 (M = 7.99, SD = 5.95) and Day 1 (M = 7.68, SD
= 4.24), p < .001. However, Day 1 and Day 2 did not significantly differ from each
other, p >.05. See Figure 3a

Since the design of the learning environment did not restrict children’s explo-
ration in any way except a time constraint of 10 minutes, children were also allowed
to explore the same questions more than one time. This feature of the study re-
sulted in some repeated questions. Descriptive statistics showed that on average
19% percent of the total questions were repeated questions. Therefore, we con-
ducted an additional ANOVA to see whether the total number of unique questions,
meaning the questions explored only once, differ on different days. The analysis
showed that the number of the unique questions explored was also statistically sig-

nificantly different on different days, F(1.4, 96.9) = 96973, p < .001, n = 0.406.
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Post hoc comparisons using the Bonferroni correction indicated that the number
of unique questions explored on Day 3 (M = 13.42, SD = 6.29) was significantly
more than on Day 2 (M = 5.83, SD = 3.1) and Day 1 (M = 5.92, SD = 2.68),
p < .001. However, Day 1 and Day 2 did not significantly differ from each other,
p > .05. See Figure 3b. Finally, we wanted to see besides the number of unique
pieces of questions, whether the ratio of them to the total number of questions, i.e.
the rate of uniqueness varies on Day 1, 2, and 3. Since the rate of uniqueness did
not meet the normality assumption, a non-parametric Friedman test was conducted.
The Friedman test stated that the rate of the uniqueness of the questions did not

significantly differ from each other on Day 1, Day 2, and Day 3, (x2 = 3.08, p > .05.)

2) How did novelty affect exploration?

To explain the difference among the number of questions, we conducted a set
of analyses that explores the effect of novelty on exploration. There are two ways
to examine how novelty affected children’s exploration in the self-directed learning
environment (Mills and Landrum, 2016). We can look at the number of unique
pieces of questions children explored in the newer and older main topic of that day.
However, focusing on the number of question pieces explored would heavily weigh
the data from Day 3, since there were significantly more pieces of questions explored.
In addition, this approach might give more weight to the data from children who
explored a large number of questions. Another way to tackle this issue is by ex-
amining the percentages of the questions explored in newer and older topics. This
method allows us to consider children who could not explore that many due to sev-
eral individual differences yet explore heavily newer questions than the older ones.
However, it would underestimate the children who are more into exploration and
outperform their peers. Therefore, in the following analyses, we performed both of

these approaches.
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2.1. Does the number/percentage of unique pieces of questions explored about
“the universe” (the new topic of Day 2) differ from “animals” (the old topic) on
Day 27

In addition to the main topic “animals” on Day 1, another main topic was in-
troduced on Day 2, which was the “universe”. This means that on Day 2 children
first made a choice between two main topics, the old topic vs a new topic. Since
the normality assumption was rejected, we conducted non-parametric analyses to
examine the difference between the two. A paired sample Wilcoxon test showed
that the number of unique questions explored in the old topic -animals- on day 2,
(M = .6, SD = 1.04) are significantly less than the new topic -the universe- on the
same day, M = 5.25, D = 2.84. Similarly, a paired sample Wilcoxon test on the
percentages showed that the rate of uniqueness of the questions explored in the old
topic -animals- on day 2 is significantly less than in the new topic -the universe- on
the same day, suggesting that a big majority of children avoided the older topic and

explored the new one.

2.2. Does the number/percentage of unique questions explored about “food” (the
new topic of Day 3) differ from the number/percentage of unique questions explored

about animals or the universe (old topics) on Day 37

The three-day workshop design of TRIVIA gave us the opportunity to confirm
the effect of novelty by reassessing it with a comparison of the third day and the first
two days. A one-way repeated subjects ANOVA showed that the number of unique
questions explored on Day 3 about “food”, the novel main topic, was statistically
significantly different than about animals and the universe, which were the topics
of the previous day, F'(1.23, 87.32) = 121.45, p < .001, n? = .54. See Figure 4a.
Post-hoc comparisons using the Bonferroni correction indicated that the number of

unique questions explored about food (M = 10.31, SD = 5.55) was significantly more
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than the ones about the topics of the main topic of universe (M = 1.92, SD = 3.14)
and animals (M = 1.42, SD = 1.72), p < .0001. However, the number of questions
explored in older topics, animals, and the universe, did not significantly differ from
each other, p 0.05. Similarly, the percentage of unique questions explored about food
was also statistically significantly more than animals and universe, F(1.31, 92.87) =

228.62, p < .0001, n% = .76. See Figure 4b.

2.3. Does the presence of other topics impact one’s exploration of one topic? Is
the number of unique questions explored about animals on Day 1 significantly more

than on Day 2 and Day 37

The main topic of animals was constant over all three days, which allowed us to
examine how the exploration of one topic changed once new topics had joined the
scene. A one-way repeated subjects ANOVA revealed that the number of unique
questions explored about animals was statistically significantly different across these
three days, F(1.33, 94.08) = 157.264, p<0.001, n? = 0.58. Post-hoc comparisons
using the Bonferroni correction indicated that the number of questions explored
about animals on Day 1 (M = 5.99, SD = 2.72) was significantly higher than on
Day 2 (M = .67, SD = 1.27) and on Day 3 (M = 1.42, SD = 1.71), p < .0001.
Interestingly, on Day 2 it was significantly less than on Day 3, p < .001. This can
be interpreted as even though a newly introduced topic attracts children’s interest
disproportionately at first, they regulate it when other newer topics are added to

the scene.

2.4. Was the effect of novelty on the amount of exploration the same for different

topics?

On both Day 2 and Day 3, we introduced a new main topic to the participat-

ing children. On Day 2 the new main topic was the “universe” and on Day 3, it
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was “food”. Since we could not counterbalance the order of the main topic across
different days, we needed to check whether the number/percentage of the unique
questions explored about the universe on Day 2 significantly differ from the num-
ber/percentage of unique questions explored about food on Day 3. A paired sample
t-test showed that the number of unique questions explored about the universe (M
= 542, SD = 3.14) on Day 2 was significantly less than the number of unique
questions explored about the universe on Day 3. See Figure 5a. On the contrary,
a paired sample Wilcoxon test examining the percentages of the questions showed
that the percentage of unique questions explored about the universe on Day 2, (M
= .92, SD = .14) was significantly more than the percentage of unique questions

explored about food on Day 2, M = .79, SD = .23, p < .000. See Figure 5b.

3.3 In-depth vs In-breadth learning: How do children ex-

plore questions

Before analyzing further, we prepared the data using mainly the “tidyverse” package
in the RStudio. Independent variables of this study included age, SES score, moti-
vation score, and active learning score. The age variable wasn’t continuous due to
the fact that it was collected numerically as opposed to birth date. Therefore, and
also for the sake of sample sizes, a new variable named “age group” was created by
splitting the age into two, 8 to 10-year-olds as younger children and 11-12-year-olds
as older children. Similarly, the active learning score (ALS), whose range is 0 to 4
was split into as higher ALS and lower ALS to create an additional variable as the
“active learning group”. Higher ALS included scores of 3 and 4, which are above
the chance level, and lower ALS consisted of scores that are at the chance level and
below. See Table 2 for descriptive statistics.

To our knowledge, there is no study that explores children’s exploration and
learning patterns in terms of depth and breadth. Therefore, we had to operationally
define in-depth and in-breadth learning or in-depth and in-breadth exploration which

are used interchangeably in this context. Since each subtopic included 5 questions to
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explore, we suggested that if a child explored a subtopic above chance level, meaning
that at least 3 of the 5 questions of that subtopic were explored, it indicated in-
depth learning. Similarly, each main topic included 5 subtopics to explore, thus,
we suggested that exploring at least 3 subtopics of the main topic would define
in-breadth learning. Naturally, in-depth learning and in-breadth learning are not
mutually exclusive. One can explore all the questions about one animal and also
explore a question about the rest of the animals in the given time. Indeed, when we
applied these operational definitions, we ended up with 4 different levels of learning
patterns: in-depth learning only, in-breadth learning only, both, and no interest.
“No interest” was the label given when the child explored equal to or less than the
chance level in none of the sub and main categories, thus when their exploration
wasn’t enough to label as such. First, we focused on each of the three days separately.
Our within-subjects design allowed us to confirm our result as if different days serve
as a repetition study of each other. We checked whether children used different
learning patterns and how, if there is any, their learning patterns are related to
their age, SES, active learning score, motivation, and also with the indicators of
their exploration in TRIVIA which were stated as the number of questions explored,
the number of unique questions explored, the rate of uniqueness, the number of
recall questions, and the rate of their accuracy. Preliminary analyses showed that
children indeed adopt different exploration patterns in terms of depth and breadth
of the topic. On Day 1, 55% of the children explored in-breadth only, 8% of the
children explored in-depth only, while 17% of the children used both patterns, and
9% of them did not explore enough to label either of them thus, called a no-interest
group. Similar to Day 1, on Day 2 and Day 3 children mostly explored either in
both directions or in-breadth only. We, therefore, defined the difference between the
learning patterns in terms of the presence of in-depth learning (see Table). Children
either learned and explored in a way that involved in-depth learning or they explored
in-breadth only (in-depth not involved), or they had no categorizable interest. See

Table 3. Preliminary analysis showed that older and younger children explored
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similarly in terms of depth and breadth, while SES played a different role. 86% of
the higher SES children engaged with in-depth learning while this ratio dropped to
62% in the lower SES children. Similarly, while 87% of the children with higher
active learning engaged in in-depth learning, children with lower active learning
scores had a lesser ratio of 67%. Results suggested that motivation also did not
make a difference in learning patterns.

Day 1: The aim of this analysis was to see whether there is a difference between
learning patterns (in-depth involved — in-depth not involved), age (younger-older),
SES (higher — lower), and active learning score (ALS) (higher — lower) on i) the rate
of uniqueness, i.e. the ratio of the number of unique questions to the total number
of questions and ii) the rate of the number correct answers to recall questions, i.e.
the rate of accuracy. To avoid making a tautology, we did not analyze the number of
all, and unique questions explored as dependent variables, since, by definition, the
“in-depth learning involved” pattern includes more questions. Further, we excluded
9 participants that were from the “no interest” group, because the main purpose of
the analysis was to see the effect, if any, of the different learning patterns. First,
we checked the assumptions of normality and homogeneity of variances. While the
results of Levene’s tests suggested that the homogeneity assumption of the variance
was met for both the rate of accuracy and the rate of uniqueness, the distribution of
the latter failed to reject the assumption of normality, p <.01. A factorial ANOVA
was conducted on the influence of the age, SES, learning pattern and active learning
score on the rate of accuracy. Since children were allowed to leave the study anytime
they wanted and there were problems with the internet connection, not all of the
participating children were able to answer all the questions, which resulted in data
from 49 children which is a lesser sample than the total number of participants. The
analysis revealed that there wasn’t any significant main effect of the independent
variables on the accuracy rate. However, there were two significant interaction
effects of the learning pattern, SES and age, F/(1, 34) = 12.01, p < .01, n® = .26

and, the learning pattern, age and active learning, F(1, 34) = 16.64, p < .001, n? =
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.33. Even though no main effect was found, the interaction effects were considered
while working on possible models in the following section of the results. Lastly, to
compare the difference between children who explore in-depth and in-breadth on
the rate of uniqueness a Mann-Whitney U test was conducted which resulted in no
significant difference, p < .05.

Day 2: The assumption of normality and homogeneity of variances assumptions
were met, p> .05 for the rate of uniqueness. A factorial ANOVA showed that there
was a main effect of SES on the rate of the uniqueness of the questions explored,
F(1, 42) = 4.35, p = .04, n? = 0.09, suggesting that higher SES children’s rate
of repeating the same questions were lower, thus the rate of uniqueness in their
exploration was higher (M = .85, SD = .16) than their lower-SES peers (M = .78,
SD = .18). Moreover, there was also a statistically significant interaction effect
between SES and age, indicating that younger-higher SES children had the highest
rate of uniqueness while older-lower SES children have the lowest. See Figure 6a.
Since the rate of accuracy was not normally distributed, a Mann-Whitney U test
was conducted to see if there is an effect of the learning pattern on the accuracy
rate, which yielded no significant results. However, the same test conducted to see
the effect of SES showed that higher SES children (M = .94, SD = .12) performed
significantly better than their lower SES peers (M = .67, SD = .28), p < .001, with
an effect size of r = .57. See Figure 6b.

Day 3: On Day 3, neither the rate of accuracy nor the rate of uniqueness was
distributed normally. Several Mann-Whitney U tests were conducted to investigate
the differences between the groups of SES, age, active learning score, and learning
pattern. Besides the significant difference between older and younger children in

their accuracy, no significant difference was found, p < .05.
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3.4 Exploring possible models to explain how children per-

form differently

In this section, we used the R package “AlCcmodavg” (Mazerolle, 2020) to distin-
guish among a set of possible models describing the relationship between the out-
come variables of TRIVIA and dependent variables. This R package uses Akaike’s
Information Criteria (AIC) which is a mathematical method to estimate the relative
quality of a model compared to the other models by resolving the trade-off between
model fit and complexity. Before moving on, we excluded one child from the data
since she explored less than three questions in all three days and, ended up with
71 participants for further analysis. We focused on the four outcome variables of
TRIVIA, which were the total number of questions explored, the total number of
unique questions explored, the rate of uniqueness, and the average rate of accuracy.
Dependent variables included age, motivation, SES score, active learning score, and
learning pattern. Consistent with the former analyses, the learning pattern was ex-
amined on two levels according to the presence of in-depth learning. The variable
was treated as an indicator variable coded as [1] when in-depth learning was present
and [0] when in-depth learning wasn’t present. Based on the previous findings of the
study, we stated 9 candidate models that include these variables: i) age, ii) SES, iii)
learning pattern, iv) age and SES, v) motivation, vi) age and learning pattern, vii)
age, learning patterns and SES, viii) age, learning pattern, and active learning, and
lastly a model that includes all variables, ix) age, SES, active learning, and learn-
ing pattern. With the help of AIC, we compared these models and presented the
model that fits the data the best. Previous analysis showed that children adopted
different learning patterns on different days, which allowed us to assume a counter-
balance across three days. Therefore, unlike the analyses of a single day, we could
add the learning pattern variable to the models that predict the number of informa-
tion explored without the danger of tautology. The model comparison revealed that
the best-fit model, carrying 35% of the cumulative model weight consisted of the

learning pattern variable. The model explained a statistically moderately significant
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amount of variance in the total number of information explored by children, F(1,
69) = 6.87, p = .011, R® = .09 adjusted R?= .07. The learning pattern was a
significant predictor of the number of pieces of information explored, ¢(69)= 2.62,
p = .011. Children who didn’t explore in-depth in any of the three days also ex-
plored the least amount of information. This relationship was the most visible in the
younger children. The number of unique information explored was best predicted
by the model of age and learning pattern that carried 38% of the cumulative weight,
F(2,68) = 6.46, p = .003, R®*= 0.16, adjusted R® = 0.14. The learning pattern was
a statistically significant predictor of the number of unique information explored,
t(68) = 3.04, p = .003, while age did not significantly predict it, ¢(68)= 1.65, p =
.10. See Figure 7a and 7b.

The AIC model selection showed that the model that fits the best to describe
the rate of uniqueness consisted of the motivation parameter and carried 63% of
the cumulative weight. The investigation of the model revealed that, as children’s
intrinsic motivation score increased, the rate of uniqueness of the questions they
explored decreased, F'(1,69) = 4.73, p = .03, R® = .06, adjusted R® = .05. See
Figure 8a. Finally, the regression model that describes the rate of accuracy best was
calculated. Before that, children who answered less than 3 questions were dropped
and the sample size became 69 participants. The best model had a cumulative weight
of 48% and consisted of age, SES, and learning pattern. The multiple regression
model explained a statistically significant amount of variance in the rate of accuracy,
F(3, 65) = 5.84, p = .001, R* = .21, and adjusted R* = .18. See Figure 8b. An
analysis of the model revealed that SES was a significant predictor of the accuracy
rate, £(65)= 3.55, p = .0007. Moreover, age had a relative significance, ¢(65)= 2.39,

p = .02 while learning pattern wasn’t a significant predictor, p > .05. See Table 4.

4 Discussion

The purpose of this study was to investigate whether children adopt different

learning patterns such as in-depth and in-breadth learning and whether these learn-
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ing patterns are related to factors such as active learning ability, motivation, age
and SES. In addition, the study also examined how children’s performance can be
predicted by these factors The results are based on an Egyptian sample of children
recruited via an educational foundation. The study found that children indeed adopt
different learning and exploring patterns and some of the learning outcomes and indi-
vidual differences are associated with these patterns. Consistent with the literature
(Berlyne, 1962; Loewenstein, 1994; Jirout and Klahr, 2012) results confirmed that
novel information attracts children’s willingness to engage with and learn. Both on
Day 2 and Day 3, children explored significantly the novel topic more than the old

topic.
4.1 Investigating how children performed on Day 1, Day 2,

and Day 3

Children had one main topic to explore on Day 1, two main topics to explore on Day
2, and three main topics to explore on Day 3. When the three days of the TRIVIA
were examined separately, it was found that the new topic was explored more than
the old topics. Interestingly, the effect of novelty wasn’t the same for Day 2 and
Day 3. Children’s exploration of the novel topic on Day 3 was significantly more
than their exploration of the novel topic on Day 2 in terms of its quantity. However,
when the distribution of the questions was checked as percentages, it was found that
children explored significantly more on the new topic on Day 2 than on Day 3. This
can be interpreted as while the amount of exploration peaked on the last day of
the workshop, interest in the novel topic peaked on the second day as 92% of the
explored questions belonged to the newer topic. This might be due to the fact that
Day 2 was the first day of TRIVIA on which a new topic was introduced. It might
be that by the third-day children were not that surprised when a newer topic came
up. Secondly, the number of topics on Day 3 was three which means 15 subtopics
and a total of 75 pieces of questions to explore, while on Day 2 it was two, which

provided 10 subtopics and 50 pieces of questions. Thus, children’s interest was split
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among three different topics and 15 different subtopics on Day 3, which may explain
the relatively small percentage of the exploration of the new topic on Day 3. This
approach was supported by the finding that even though the main topic “Animals”
was the oldest topic and present on all three days, children explored it more on Day
3 than on Day 2. It would have been expected of the interest for the first introduced
topic to follow a linear decrease, which wasn’t the case here. This suggests that
children adapt their learning and exploration behavior according to the presence
of the other topics. Another factor influencing this adaptation might be the time,
since Day 3 was the last day of the TRIVIA, children might have wanted to take
the most out of it and distribute their interest accordingly. This also explains the
finding that children explore significantly more unique questions than on Day 1 and
Day 2 even though they had the same amount of time to explore. The explanation
that getting familiar with the design helped them to explore the most on Day 3
doesn’t seem like a fit here, since the amount of exploration on Day 1 and Day 2 is
the same. Since the order of the main topics wasn’t pseudorandomized across the
three days, another factor affecting this finding might be that children found one
topic more interesting than the other, which is a limitation that we will address in

the limitations section.

4.2 In-depth vs In-breadth learning: How do children ex-

plore questions?

In the second part of the analysis, we again examined Day 1, Day 2, and Day 3
separately to see the effects of learning pattern, age, SES, and active learning on the
rate of uniqueness and rate of accuracy. On Day 1 none of the factors had a main
effect on the outcome variables. However, we found two significant interactions of
learning pattern, age, SES, and learning pattern, age, active learning measure. On
Day 2 we found a main effect of SES on both the rate of accuracy and the rate
of uniqueness. In line with the previous findings that examined the effect of SES

(Gauvain et al., 2013; Unliitabak et al., 2019) and age (Engel and Randall, 2009;
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Engel, 2011; Meder et al., 2021; Tizard and Hughes, 1984), we found an SES and
age interaction revealed that while younger children from higher SES explored most
of the unique pieces, older children from lower SES groups explored the least of the
unique questions. We failed to repeat the results of Day 2 on Day 3. We found a main
effect of age on the rate of accuracy but no other effects of SES, learning pattern, or
active learning measure and also no interaction effects on the rate of accuracy and
uniqueness. However, this finding can be considered as a part of the previous finding
that Day 3 differed from Day 1 and Day 2 in terms of children’s exploration. In an
attempt to understand whether the factors we measured and individual differences
can predict the outcome results; we conducted model comparison analyses. The
number of total questions explored by children was predicted by the learning pattern.
Since to our knowledge, there is no prior study examining the relationship between
children’s in-depth learning and their exploration behavior, this finding provides a
basis for why learning types should be examined further. Together with the age,
learning patterns also predicted the number of unique questions explored during the
three days. Older children who explored in-depth explored more unique questions
than their peers. At first, this finding seems contradictory to the findings that as
children progress in school, their curiosity diminishes (Alexander et al., 2008; Engel,
2011; Engel and Randall, 2009; Helmke, 1993; Krapp, 1999b; Tizard and Hughes,
1984). However, it is not surprising that in this design older children explored
more in a given time since they are expected to read and process faster than their
younger peers. When this finding was challenged with a comparison of older and
younger children in the rate of uniqueness, it was seen that younger children’s rate
of uniqueness was higher than the older children. This finding indicates that older
children explored more unique questions because they also explored more in the
total number of questions. They are capable of exploring faster than their younger
peers. However, their younger peers repeat less information and instead explore
newer ones. Thus, our finding is actually compatible with the previous studies

showing that younger children’s interest and curiosity are higher than their older
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peers. Importantly, we need to keep in mind that the capabilities of younger and
older children are not the same and thus, their performance should not only be
compared on the basis of quantity.

Interestingly, the rate of uniqueness was predicted by intrinsic motivation. As
intrinsic motivation increased, the rate of uniqueness decreased. This can be ex-
plained as children who wanted to learn the information they explored permanently
were higher on their intrinsic motivation. They opened the questions more than
one time to have a better memory of them. However, if this relationship would
have been found between their extrinsic motivation and the rate of uniqueness, a
similarly valid explanation would be also possible such as children higher in ex-
trinsic motivation wanted to score better in the recall test at the end and thus,
repeated the items more than once. Therefore, this finding needs further examina-
tion before coming to conclusions about the relationship between motivation and
exploration. It is also worth noting that children’s motivation was measured with a
scale developed in Western culture (Thomas 2018) and might have failed to capture
Egyptian children’s motivation inclusively. The rate of accuracy was predicted by
age, SES, and learning patterns. The relationship between age and SES and, learn-
ing outcomes is widely stated in the literature and our findings add to them. We
contribute to the literature by adding the learning pattern variable to this equation.
Even though children who explore in-depth do not differ from their peers in the
accuracy of their recalling performance, the model that included learning patterns
predicted the accuracy better than the model that involved only age and SES. This
finding is consistent with our approach to children learning since we believe that
children are good at applying their learning strategies. Their performance does not
rely on their learning pattern but on the environment that allows them to explore
the way they feel. However, contradicting the previous findings about the positive
relationship between active learning and accuracy (Markant et al., 2016; Ruggeri
et al., 2016b, 2019) this study didn’t find an association between the two. The main

difference is that these studies didn’t measure an active learning score separately
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like we did but examined whether actively learner information is recalled better
than observed information. To assess the effect of active learning, further studies
can add a yoked group to TRIVIA in which children learn about the questions that
are actively explored by another group. This approach would allow the comparison
of self-directed learning and yoked learning within the same environment and infor-
mation pool. Another approach would be assessing the active learning ability in a
more elaborated way with a comprehensive and culturally adapted active learning

battery, which is, to our knowledge, not developed yet.

4.3 Limitations and Future Research

The main topics of animals, the universe, and food across the three days weren’t
pseudorandomized. Therefore we cannot solely rely on our experiment when we
explain the differences we found between these three days, which is a limitation.
It also limits us to treat these separate days as their replications and increases the
power of the study. In addition, Day 1 and day 2 also differed in their recall part
in which children were asked multiple-choice questions about the information they
have learned. While the idea was to present them with a maximum of 5 questions
no matter how much they explored, we failed to manage this on Day 1 and Day 2
due to a technical error we missed on Qualtrics. This might have affected how much
children explored since children who don’t want to answer a lot of questions at the
end would keep their exploration limited. It also might have led them to repeat the
same information so that they keep exploring in a way that does not increase the
number of quiz questions they will encounter at the end. Since this would jeopardize
curiosity-driven exploration, it serves as a confounding effect on our study. Since
this study was conducted in Egypt in Arabic, we couldn’t measure the complexity
and length of the information provided in TRIVIA. We also avoided including a
verbal intelligence measure unlike similar studies (Mills et al., 2017, 2019) to keep
the cognitive load and length of the study reasonable. However, assuming that all

the pieces of information were equal in terms of complexity and verbal intelligence
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does not affect their exploration would require a ground and thus, worth considering
in future studies. Moreover, further studies comparing children’s exploration in
a self-directed environment with a school environment and, comparing preschool
children with school children would allow us to have a broader understanding of
the issue, regarding the effect of schooling and age. Finally, as a Qualtrics-based
study that requires a stable Internet connection, TRIVIA was caught unprepared for
the connection losses that happened during testing. In addition, children sometimes
made mistakes while typing their ID after a connection loss, due to the difficulty they
had in transforming their names from the Arabic alphabet to the Latin alphabet,

which is another aspect worth considering especially in future cross-cultural studies.

5 Conclusion

The present study proposes a first attempt to identify the learning patterns of chil-
dren in terms of breadth and depth and how they relate to the other factors when
children explore in a self-directed learning environment. Even though no strong
effects or mechanisms were identified, this study contributed to the literature by
adding a new perspective to the research of teaching and learning. Moreover, with
a study conducted in a non-Western culture, we contributed to the diversity of the
field, which is still largely missing in the literature. Investigating children’s learning
patterns is a step in the way of providing them with an environment in which their
curiosity is encouraged and fed, and the ways that go to the learning are wide open
for them to explore. Hopefully, further research following this humble step would
shed new light on how to balance the gardener and carpenter approaches toward

children and provide the best environment and techniques for them.
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Appendix A

TRIVIA

DAY 1 DAY 2

PANGOLIN
PANGOLIN

PANGOLIN
EARTH

L A Y

VENUS

VEGETABLES

NAKED MOLE
NAKED MOLE
NAKED MOLE

PINK FAIRY
PINK FAIRY

NARWHAL

NARWHAL

PLATYPUSE NARWHAL
ON

CUISINE

PLATYPUSE
PLATYPUSE

MO
w
JUNK FOOD

POEONOUS FOODS

Figure 1: The structure of TRIVIA

(a) 20-questions game
Who asked the better questions?

I

Which of these is a liveb? Which of these is a blicket?

i Who was more clever at finding the path? ﬁ
| |

Where is the path leading to the treasure? Where is the path leading to the treasure?

2 O

(b) Maze-exploration game

Figure 2: Illustrative examples of the active learning test.
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Anova, F(1.72,122.3) = 88.8, p = <0.0001, 12 = 0.33 Anova, F(1.38,96.88) = 96.97, p = <0.0001, 12 = 0.41
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Figure 3: Total number of questions (a) and total number of questions unique
questions (b) explored across the three days

Anova, F(1.23,87.32) = 121.45, p = <0.0001, n? = 0.54

Anova, F(1.31,92.87) = 228.62, p = <0.0001, n; = 0.76
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Figure 4: Total number (a) and percentage (b) of unique questions explored on Day

3
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1.00

% of unique pieces explored in the novel topic

Unique pieces of information explored in the novel topic

() (b)

Figure 5: Total number (a) and percentage (b) of unique questions explored in the
novel topics of Day 2 and Day 3
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Figure 6: Box plots of the rate of uniqueness (a) and the rate of accuracy (b) on
Day 2

46



Depth or Breadth: How do children explore?

Total number of unique questions explored

B i depth earming absent
B8 inopt eariog present

Number of questions explored

Total number of unique questions explored

& ¢

) T 7 T
Age + Learning pattern Age group

(a) (b)

Figure 7: A scatter plot (a) and a box plot (b) of age and learning pattern predicting
the total number of unique informations explored

The rate of uniqueness

Average accuracy in the three days

70 50
Age + SES + Learning pattern

Figure 8: Scatterplots of motivation predicting the rate of uniqueness (a) and age,
SES and learning pattern predicting the rate of accuracy (b)

30
Motivation
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TRIVIA items

English Arabic

Note: (A) is the right answer

Animals sl Al
1- Pangolin Jeaid) o)) saa
What does the Pangolin eat? £ sl J<b 13k

a- Using its very long tongue, it eats up to 20,000 ants a day.

a3 3 20000 (o Joms Lo JSL ¢ s shall b plasinly |

b- Using its very long tongue, it eats up to 20,000 frogs a day

Ga 3 g 28m 20000 1) Jom Lo JSE T sl sl iy -

c- Its very short tongue doesn't help it to eat anything but 1 ant a day

ool 8825 Al VI o8 (o JST e onelg ¥ Tan gl 4L &

d- I don't know
Do the Pangolins have teeth?
a- No, they don't! They swallow stones to grind up the food.

el -z
ol A Jsaidl o) s Ja
pldall el 3 jlaall aliv 1oliul ey Y ¢ Y -

b- Yes they have 23 teeth

w23 agadl axi

c- Yes they have one long tooth

dash a5 G pgaal e

d- 1 don't know
What are the pangolin’s strongest senses?
a-Hearing and Smelling

el Yz
S gaidl O sas sl s 5 1 4 Lo
Jaill dblaal e agiseluad alll g aandl -

b- Hearning only Lsé pedl -
c-Smelling only Ldé o8l
d- I don't know <elY oz
What are the Pangolins' weakest sense? S pid) Aula Canal 8 L
a- Sight el Al
b- Touch el
c- Hearing and smelling w5 padl
d- I don't know GelY gz

How does the Pangolin defend himself against predators?
a-They curl up into a tight ball and tuck their heads under their arms and
tails.

P yiiall ) goal am dusdi e J gaid) bl (i

a5 aee ) i g 5 5 (O seday s A 5 S JSE e o siily -

b- They change their color

PP\ RSERT T

c- They run away

sl @b oe O 7

d- I don't know elY gz
2- Sand Puppy Juad goa
How long does the sand puppy live? SOl 5 e sa e
a- 30 years. 430 -
b- 30 months 5e5 30 -
c- 2 years R
d- I don't know elY gz

Where do the sand puppy Live?
a- In the underground tunnels.

fdal som Gy Gl
oY) cad alaay) ot -

b- On the mountains Jdeall e -
c- On the trees il e
d- I don't know el oz

How does the sand puppy find its way in the dark?
a- It uses its little hairs as sensory organs to move around in the dark
underground tunnels.

Sadlall & 4g) yha Jajll 5 a2y e
Gon dallaall Bl 8 Jaill dulia oloaclS s piia il jund padivg -
o=y

b- Its body lighten up in the dark

c- It moves following the sound

G geall gLl & ey =

d- I don't know

What happens to the sand puppy when there is not enough oxygen in the
tunnels?

a- They can survive five hours with little oxygen, that's why they are
resistant to Cancer as well.

el Yz

Y A S (panlan 0 Y Ladie Ja )l e Giany 13ka
‘My\wM\@abuMzmzw\%égc ¢M\?€ASAJ—\
Ll gl peall i slie Cans 58 132

b- They die 05 sat -
c- They faint agle oy
d- I don't know elY oz

Why do sand puppies have incisors outside their mouth?

Soenl sl 7 Jla adal 8 Led Al 5l o) yall 13La)




a- To help them move the dirt while they move without having to eat it.

FUPN SR G T IO FEX R i B AP B PSS W
(R

b- To help them eat the big prey

U WP I e

c- They don't have incisors outside their mouth.

Shial Leal il 7 s adal 8 L Gl -z

d- I don't know

3- Pink Fairy Armadillo

What is the length of Pink Fairy Armadillos?

a- It grows only to 2 inches. That's why it is the smallest armadillos.

el Y -z

s g el Ol g

S sl g ol Ol Jsb 2 L

4o 5 (e Ol sen sl Ll (B adl g8 s Gila sy ) Jadd gy -

b- Its 5 meters long like a giraffe

A1) NS el 5 Ll sk -

c- Its 3.7 mm like an ant

Ll i e 3.7 Wik il ¢

d- I don't know

Why do the Pink Fairy Armadillos have a pink shell?

a- Because of the underlying blood vessels that regulate the body
temperature

el -z
9UJM\M”AJ}3)J§%$J‘)}“&JM“J‘PALA:}‘.)LA}

VEN || N PN Pt i E U [ W R

b- Because of the environment it lives in

Lead Gl Al Al oy -

c- None of the above

Gl e -z

d- 1 don't know
Do Pink Fairy Armadillos lay eggs?
a- No, they give birth like other mammals do.

el Y a
Suanll g2 g el Ol da
A Lyl Jie ali Ll ¢ Y

b- Yes they lay eggs Oa and -
c- They don't give birth or lay eggs Ui YAl Y
d- I don't know GelY gz
What is the nickname of the Pink Fairy Armadillos? Sl g el o sas il ga L
a- Sand swimmer Jla )l b |
b- Ocean swimmer Lol 7l -
c- Pool swimmer Al G 8 b
d- I don't know < elY oz

Why is the Pink Fairy Armadillos nicknamed Sandwimmer?
a- Because it has claws that are used in digging in the sand so fast

0L -l and) gl g e (3l 13l
8 S ey Jlall G i) 8 padied Cillie e (5 ging 43y

b- because it cannot swim in the sand

Jla )l & anlaadl kg Y ¥ -

c- none of the above Gl e 7
d- I don't know elY oz
4- Narwhal BTN

What is the difference between Narwhals and normal whales?
a- Narwhals have one single tooth that extends outside their mouth and
it's called a tusk.

Salall (fisall 5 01y il s 0o L o Lo

g&bw;@éc)&ﬁqhbwdd\})ﬂ\&);-i

b- Narwhals have only two teeth that extend outside their mouth

b 7 A ey B8 i Al J il Sisa

c- Narwhals don't have teeth

bl 4l G Jg il s

d- 1 don't know
Why do the Narwhals have a tusk?
a- They use it to sting their prey.

el Yoz
?WGJBLb)LgUQJJ\}ﬂ\QP\SM

b- They use it for directions in the sea.

A (8 Gkl a5l (4 sarding o

c- They don't use it at all.

) i serdin ¥

d- I don't know elY gz
What do the Narwhals feed on? ¢ e Jlgull ol (gda ol
a- Fish, Shrimps, and squids. BN PYPRTYER [PRE MY
b- Frogs gl o
c- Plants cblall
d- I don't know el

Can we see the Narwhals in the aquarium exhibits?
a- No, because they don't survive captivity.

5 sl cleudl il e 8 50 i 235 Ly
o (2 g (8 Gl gdaion Y agd Y -

b- Yes because they like captivity

Sladl Gasa (A Gl (i agtY pal -

c- None of the above

Gl e

d- I don't know
In which countries can you find the Narwhals?
a-Canada, Russia, and Norway because they prefer very cold water.

el Yz
$) 5l Gl a5 o Sy J 50 )
B35l s el ) sliady ag3Y g s il 5 Lo 5 5 1S -

b- Egypt, Morocco and Algeria because they prefer hot waters

Laladl obaall ) slady wedY 5 jall s jiall s yeme -




c- They can be found everywhere

OSa S Glgle gl (S

d- I don't know

5- Platypus

What does the Platypus look like?

a-They have a mouth and feet like ducks, fur-like otters, and a tail like
beavers.

el Y -z
slall Al3|
) ala pay S

omiill Jie O s ¢ allall Jia g5 g ¢ Jaud) Jia ol ad mgl |

b-They have a mouth like a shark, tail like a dinosaur and fur like a cat.

7 CP 5 PO TR [ S PR Y [ COWY A e

c-They look like a starfish ol and Jie a2
d- | don't know GelY oz
Do Platypus lay eggs or give birth? faly ol any oLl AlA
a- They lay eggs. Ua -
b- They give birth oo
c-They don't lay eggs or give birth O Vs Gl s ¥
d- I don't know <elY gz
Is the Platypus venomous? alus elall Al (o
a- Only the males are venomous, but they can only kill a small animal, ouls ¢ pa Ol s 8 a8 g1y (ST ¢ () sals (0 o Jath ) KW g g3
not a human. RIS
b- Only Females are venomous but they can only kill a small animal, not sl ¢ pra o)) gaa Ji8 Jadh ag iy o1 Adlidl oo L SUY1 g g3 -
a human. RIS
c- No not at all G Laa ye
d- I don't know < elY oz

Do Platypus live in water or on land?
a- Half of the platypus's day is spent in the water looking for food. The
rest of its time is spent in its burrow.

?U'AJ‘)I\‘;\;P];LA\‘JS;LJ\.\BMJA
o i Lo oy alalall (e Uiy olal) b o gll G ollall A4 aiady
oA Sl

b- They live only in the water

L 3 Osm ¥ -

c- They live only on land

Lid V1 e (sl ¢

d- 1 don't know
How do the Platypus swim?
a-They swim with their ears, nose and eyes.

el Y -z
€Ll A4 ranny S
o e 5 agdil 5 agdIAl ARl ) pasy -

b- They swim with their fins

pedile 31 (s -

c- They cannot swim

Aalud g gmadaion ¥

d- | don't know

el Yz




Table 2: Descriptive Statistics

Overall
(N=72)
Age
Mean (SD) 9.90 (1.43)
Median [Min, Max] 10.0 [8.00, 12.0]
SES
Mean (SD) 63.8 (11.2)
Median [Min, Max] 63.1 [41.7, 89.3]
Motivation
Mean (SD) 3.37 (0.602)
Median [Min, Max] 3.60 [1.80, 4.00]
Gender
f 40 (55.6%)
m 32 (44.4%)

Active learning score
Mean (SD)
Median [Min, Max]
In-depth or in-breadth exploration
in-depth learning absent
in-depth learning present
no interest
Total number of information pieces
Mean (SD)
Median [Min, Max]
Total number of unique information pieces
Mean (SD)
Median [Min, Max]
Average accuracy
Mean (SD)
Median [Min, Max]
Missing
The rate of uniqueness
Mean (SD)
Median [Min, Max]

2.00 (1.11)
2.00 [0, 4.00]

18 (25.0%)
53 (73.6%)
1(1.4%)

32.9 (14.7)
32.0 [6.00, 85.0]

25.6 (9.76)
25.0 [6.00, 54.0]

0.829 (0.204)
0.900 [0.273, 1.10]
3 (4.2%)

0.810 (0.132)
0.829 [0.432, 1.00]
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