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1. Childhood: From a Developmental Process to the Construction of
Meaning

Childhood is a period in which not only biological growth but also the
construction of meaning takes place. It is a formative stage during which the
foundations of personality are established and which plays a decisive role
in many aspects of an individual’s later life. During this process, children’s
experiences, their relationships with themselves and with others, and the
ways in which they interpret these interactions significantly shape their sense
of self and their understanding of the world.

Childhood encompasses the developmental period between infancy
and adulthood, including physical, cognitive, social, and emotional changes.
This developmental process involves both quantitative and qualitative
transformations that occur through learning, experience, and maturation
(Senemoglu, 2005). These changes form an interconnected and holistic
structure. As the child’s body grows, the development of the muscular, skeletal,
and nervous systems occurs in coordination with one another. The physical
maturation of the body influences learning processes and, consequently,
psychological and social development as well (Yesilyaprak, 2012). Therefore,
growth, learning, and maturation should be understood as dynamic and
interrelated processes that continuously interact with one another.

Throughout development, children pass through a series of stages. Each
stage involves different challenges and requires the activation of new skills. The
crises, difficulties, and inadequacies encountered during these stages become
learning experiences that prepare the child for the next phase of development.

This gradual journey of growth bears a strong resemblance to the Hero’s
Journey, a narrative structure found in myths, folktales, and traditional
stories. Across many cultures and historical periods, this narrative pattern
portrays a hero who leaves their ordinary world, undergoes a process of
initiation, and eventually returns transformed. Joseph Campbell (2010),
who examined numerous narratives from different cultures, identified this
universal structure in which the hero passes through various stages, faces
trials that test specific abilities, learns through experience, and ultimately
undergoes personal transformation.

From this perspective, the Hero’s Journey provides a useful pedagogical
metaphor for interpreting and understanding the stages of children’s
developmental processes.

Childhood development has long been examined by developmental and
learning theorists, and these theoretical frameworks have guided educational
and health-related practices. In the present study, however, the growth and
developmental journey of the child is approached from a different perspective
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by drawing upon mythic narratives. The pedagogical interpretations derived
from the Hero’s Journey pattern aim to offer a new interpretive framework
for understanding the educational dimensions of child development. Such a
perspective may enable teachers to evaluate children’s developmental crises
and learning processes from a more holistic standpoint while embracing a
guiding and supportive role.

Accordingly, the aim of this study is to reinterpret child development
through the framework of the Hero’s Journey from an educational perspective.
By drawing on theoretical foundations, the study seeks to present pedagogical
insights that contribute to rethinking educational environments through a
developmental lens.

2. Childhood and Development

In the literature, childhood is typically divided into several stages based
on age ranges. These stages are generally classified as infancy-early childhood
(0-3 years), early childhood (3-6 years), and late childhood (6-12 years), with
each stage characterized by distinct developmental features.

Prior to these stages is the prenatal period, which lasts approximately
nine months and prepares the human infant to adapt to life outside the womb.
During this period, maternal nutrition and various environmental influences
reaching the fetus affect many physiological and psychological characteristics
of the baby, particularly the development of the brain (Santrock, 2016).

The infancy period, which begins at birth and continues until
approximately three years of age, involves the infant’s physiological adaptation
to external conditions, including the regulation of body temperature,
respiration, and heartbeat. During this stage, caregiving practices shape
the development of feeding and sleeping patterns as well as toilet training
(Yesilyaprak, 2012). Other important developmental achievements of this
period include acquiring the native language, developing symbolic thinking,
and learning to walk.

Beginning around the age of two and extending until approximately six
years of age, the early childhood period, which largely corresponds to the
preschool years, is marked by a gradual decrease in children’s dependence
on adults. During this stage, children acquire self-care skills, while their
language and cognitive development accelerate. They also begin to learn
gender differences, develop social relationships, and gradually form an
understanding of moral rules. Although children’s behavior remains largely
egocentric, they gradually start to recognize perspectives other than their
own (Bayhan & Artan, 2004).

The period between six and eleven years of age, during which children
typically attend primary school, is referred to as late childhood. During this
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stage, physical growth continues and motor skills develop further. At the
same time, children begin to experience social and emotional challenges
through their interactions and experiences, which contribute significantly to
the development of their sense of self (Santrock, 2016).

The period between 11 and 18 years of age, often referred to as
adolescence, represents the transitional stage before adulthood. This period
is characterized by rapid physical and cognitive changes. Adolescents begin
to form their own values and life goals, seek greater independence from
their families, and reflect on their roles and responsibilities within society.
They also begin to internalize gender roles while planning their future
(Yesilyaprak, 2012).

Throughout this developmental journey, children acquire competencies
in three major domains: physical, cognitive, and psychosocial development.
These domains develop through interrelated processes that interact with and
support one another.

Physical and Psychomotor Development

Although children’s physical development generally follows a predictable
sequence, the pace and extent of this development may vary depending on
genetic factors, nutrition, and cultural conditions (Tepeli, 2012).

Motor development refers to the increasing ability of individuals to
control their bodies. In other words, it involves the development of behaviors
based on coordination between the mind and muscles. For motor development
to occur, sensory organs, muscles, and the nervous system must function in
coordination (Senemoglu, 2005).

Physical growth and the corresponding development of motor skills play
an essential role in children’s adaptation to the world and later facilitate their
participation in social life.

Cognitive Development

Cognitive development encompasses the internal mental processes
involved in functions such as attention, perception, memory, language
development, reading and writing, problem-solving, reasoning, and creativity.

According to Piaget, cognitive development emerges through the
interaction of hereditary characteristics and environmental experiences.
This process involves not only the maturation of the brain and nervous
system but also the integration of experiences that help the individual
adapt to the environment (Bayhan & Artan, 2004). Piaget argued that
when children encounter new objects, events, or situations, their cognitive
equilibrium is disrupted. In response to this imbalance, children attempt
to restore equilibrium by adapting their cognitive structures. This process
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of equilibration occurs with each new experience and leads to learning and
development (Senemoglu, 2005).

In this context, Piaget (1971) proposed that knowledge is constructed
through the learner’s experiences and actions. This idea later formed one of
the theoretical foundations of the constructivist approach in education, which
emphasizes learning through active engagement and experience (as cited in
Trawick-Smith, 2014).

Another theorist who emphasized the role of experience and social
interaction in cognitive development and learning was Jerome Bruner.
According to Bruner, learning is “an active process in which learners
construct new ideas or concepts based upon their current or past knowledge”
(Arslan, 2012, p. 19). Within this active process, children’s ability to explore
and discover independently plays a crucial role.

Similarly, Lev Vygotsky highlighted the importance of the social
environment in learning and cognitive development. According to Vygotsky,
children acquire concepts and ideas through their interactions with their
environment, gradually developing skills and attitudes through these
experiences. The cultural environment in which the child grows up therefore
plays a highly influential role. Through interactions with adults, children not
only acquire knowledge but also begin to construct their own psychological
processes and self-understanding (Senemoglu, 2005).

Vygotsky’s emphasis on the role of adults, the social context, and
collaboration has also guided educational practices. In classroom settings,
teachers act as adult guides who support learning, while peers contribute to
learning through cooperation (Berk, 2013). Over time, children gradually
develop self-regulation and become capable of directing their own learning
processes. Therefore, educational environments in which teachers assume a
guiding role while children take responsibility for their own learning are of
great importance.

Later developments based on Piaget’s theory have further emphasized
information processing, cognitive strategies, and the detailed structure of
cognitive stages. Within this perspective, abilities such as critical thinking,
creative thinking, scientific reasoning, and problem-solving have become
important indicators of cognitive development.

From an educational perspective, one of the most significant implications
of cognitive theories is the role of teachers and other adults in guiding children
toward increasingly complex ways of thinking. Through social interaction,
children first experience knowledge within a social context and gradually
internalize it as part of their individual cognitive structures. Knowledge
initially emerges within social interaction is reorganized at the individual
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level and transformed into more complex cognitive structures. In this way,
cognitive development progresses gradually through interaction and guided
learning (Senemoglu, 2005).

Emotional and Social Development

Changes in individuals’ emotions, interpersonal relationships, and
personality constitute the processes of socio-emotional development. In the
literature, these processes are sometimes examined separately and sometimes
within the broader frameworks of moral development and personality
development (Kog et al., 2001; Bacanli, 2003; Yesilyaprak, 2012).

Emotions, which represent the outward expression of individuals’
subjective experiences, are fundamental components of their inner world
(Erden, 2012). The development of these emotional capacities is shaped by both
biological and environmental factors. Infants’ ability to regulate their emotions
is closely related to the development of specific regions of the brain. At the same
time, social relationships contribute significantly to the diversification and
development of emotional expressions. For this reason, emotional expressions
and emotional development may vary across cultures. The level of emotional
maturity individuals achieve during development influences how they respond
to experiences and maintain emotional balance in later life.

Social development, on the other hand, can be defined as the dynamic
process through which individuals acquire the knowledge, skills, and values
necessary to establish effective relationships with others and to adapt to
society (APSMHI, 2013, cited in Yurtsever Kili¢giin, 2015, p. 111). The quality
of individuals’ interactions with others plays a crucial role in the development
of their sense of self and their ability to form healthy relationships (Turan &
Yiikselen, 2021).

Socialization begins with interactions within the family from birth and
gradually expands through relationships with the immediate environment,
peers, and school settings. Schools, in particular, play an important role in this
developmental process (Berk, 2013). Through social interaction, individuals
also become aware of the gender roles expected by society and gradually shape
their identities in relation to these expectations (Organ, 2012).

Albert Bandura focused on the role of social interaction in learning and
developed Social Cognitive Theory. According to this theory, individuals
acquire a wide range of behaviors, thoughts, and emotions by observing others
in their environment. These observational processes continue throughout life
and contribute to continuous development (Bandura, 1977; 1986). Children
acquire many skills through modeling. The rewards and punishments
associated with observed behaviors influence their choices and contribute to
the development of self-efficacy beliefs (Bandura, 1999).
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For learning and development to progress in a healthy manner, the
environments in which children grow, including family and school contexts,
should support the development of children’s self-efficacy beliefs and self-
regulation skills. Bandura’s Social Learning Theory and its underlying
principles have significantly influenced educational practices by emphasizing
the importance of role models such as parents, teachers, peers, and other
adults in children’s developmental environments.

Taken together, these theoretical perspectives suggest that childhood
development is not merely a process of biological growth. Rather, it is
a dynamic journey in which individuals encounter challenges, interact
with their environment, learn through experience, and gradually undergo
transformation. In this sense, childhood development can also be interpreted
as a developmental journey through which individuals mature as they pass
through different stages. The Hero’s Journey pattern found in myths and
narratives provides one of the most powerful metaphorical frameworks for
interpreting this process of transformation.

3. Interpreting Child Development Through the Pattern of the Hero’s
Journey

Rank (2016) argued that the process of individual development is closely
related to the recurring hero narratives found in myths. According to him, the
growing individual’s attempt to break away from parental authority may be
understood as a form of the “hero myth.” In this sense, the ego of the mythical
hero resembles the ego of the child. Likewise, themes such as the stepmother or
abandonment, which appear in myths, correspond to themes found in childish
and neurotic fantasies, thereby supporting this argument. This perspective
suggests that the Hero’s Journey is not merely a mythological structure but
may also be read as a symbolic representation of human development.

Developmental processes in human life are not limited to biological and
cognitive changes; they also involve processes of transformation through which
individuals make sense of their experiences. In this respect, childhood is a
dynamic period during which individuals acquire new skills, encounter various
developmental thresholds, and continuously reconstruct themselves through
new experiences. A similar transformation can be observed in the Hero’s
Journey pattern found in myths and narratives. The hero’s departure from the
familiar world, passage through various trials, and eventual return to the point
of origin after transformation symbolically represent the human experience.

From this perspective, childhood may also be interpreted as a journey
shaped by developmental tasks, crises, and learning experiences. In this
section, the stages of the Hero’s Journey will be examined in relation to child
development, and their possible counterparts in childhood will be discussed
within a theoretical framework.



8 * Fatih Pala101

In Campbell’s monomyth theory, the Hero’s Journey consists of three major
stages, Departure (Separation), Initiation, and Return, along with their sub-
stages (Campbell, 2010). The well-known screenwriter and author Christopher
Vogler (1992/2009), adapting Campbell’s 17-stage model to the context of film
and television screenplays, reformulated it into a more concise structure. In
Vogler’s framework, these stages are identified as the Ordinary World, Call
to Adventure, Refusal of the Call, Meeting with the Mentor, Crossing the
Threshold, Tests, Allies and Enemies, Approach to the Inmost Cave, The Ordeal,
Reward, The Road Back, The Resurrection, and Return with the Elixir.

In this part of the study, the correspondences between the stages of
the Hero’s Journey described by Campbell (2010) and Vogler (2009) and
the developmental period of childhood will be examined. Childhood can
be understood as a journey as a whole, but important experiences within
childhood may also be seen as distinct cycles of journeying in themselves.
Accordingly, the parallels with the Hero’s Journey will be discussed both at
the level of the broader developmental process and through specific examples
drawn from childhood experiences.

Nearly all fairy tales and mythic narratives begin by depicting the
protagonist within the Ordinary World. At this first stage of the Hero’s
Journey, the hero lives comfortably within the familiar conditions of that
world (Campbell, 2010). In the context of the child’s life journey, the first
representation of the ordinary and comfortable world may be interpreted
as the period in the mother’s womb. From conception to birth, the fetus
remains in a secure and protected environment sustained by the mother’s
bodily resources. During this process, it is nourished through the mother and
indirectly affected by her psychological state as well as by the environmental
conditions influencing her. In this sense, the infant occupies a passive position
within this zone of comfort.

The moment of birth may therefore be interpreted as the beginning of the
infant’s adventure in the world, since it requires leaving a zone of comfort and
adapting to entirely new conditions. In this respect, birth can be understood as
the Call to Adventure for the human infant. In narrative structures, the hero’s
departure fundamentally signifies leaving behind an accustomed state of
existence. The Call to Adventure, as the first step out of the comfort zone, may
be external or internal, physical or psychological. Refusing such an instinctive
call may mean suppressing one’s impulses, which can ultimately lead to
unhappiness (Dokmen, 1983). For infants, one generally cannot speak of a
conscious refusal of the call; however, difficult births, post-delivery placental
complications, or breech presentation may be interpreted as symbolic forms
of the Refusal of the Call. Whether conscious or unconscious, such refusal
still belongs to the logic of the journey. For the journey to begin, however, the
call must eventually be accepted (Sarigigek, 2020).
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In order to adapt to the world and continue growing, the child must
accomplish a series of developmental tasks. Each of these tasks may be
interpreted as an adventure in itself. Skills such as crawling, walking, grasping
objects, or learning to eat are all acquired gradually through repeated
attempts. Piaget’s theory (1971) suggests that knowledge is constructed
through the learner’s actions. Through action, the child constructs knowledge
about both the external world and the self. During the 0-3 age period, infants’
knowledge is largely based on intuition and action. At this stage, intelligence
may be understood as the capacity to satisfy needs through movement and
perception (as cited in Trawick-Smith, 2014). In this sense, accepting the
call to adventure and progressing along the journey may be seen both as an
indicator of intelligence and as a factor that contributes to its development.

Another crucial stage of the Hero’s Journey is the Meeting with the
Mentor, which is especially important in the context of children’s lives because
children, unlike adults, have not yet developed sufficient competence to act
entirely on their own. In mythology and folklore, mentors serve to protect,
educate, test, train, guide, and provide magical gifts to the hero (Vogler, 2009,
p. 179). For a child between the ages of 0 and 3, this guiding figure is primarily
the caregiver, that is, the parents. Mentors are not merely providers of material
support; they also encourage the hero to overcome fear and embark on the
adventure. In this regard, the role of parents at this stage becomes significant
when they encourage children to learn independently, to begin walking, and
to gain confidence through supportive gestures.

In mythological narratives, the guides encountered by the hero may be
extraordinary beings possessing exceptional powers (Campbell, 2010; Vogler,
2009). From the child’s perspective, parents and teachers may likewise appear
as figures endowed with extraordinary, almost superhuman abilities. Adults
are physically larger, more capable, and quicker than children. They can
skillfully use tools that children cannot yet handle. When adults perform with
ease tasks that children find difficult, they may appear fascinating and even
magical to them. In this sense, parents and teachers closely correspond to the
mentor figure in the Hero’s Journey.

Guides may also create conflict or provide misguided direction within
a story. In children’s lives, such situations can be observed in child-parent
conflicts or in forms of parenting that fail to align with sound pedagogical
principles. Numerous studies show that inappropriate parental attitudes may
negatively affect children’s learning and development (Berk, 2013; Santrock,
2016; Trawick-Smith, 2014). Yet, just as in heroic narratives, such negative
experiences in childhood may later become opportunities for growth and
transformation.
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The mentor’s facilitating role helps the hero move to the next stage,
namely Crossing the First Threshold. In narrative structures, the threshold
marks the boundary between the hero’s ordinary world and a different,
special realm. In childhood, crossing the threshold may be interpreted as
accomplishing a developmental task for example, learning to walk. The first
threshold represents the child’s entry into a special world. Once the child
begins to walk, the range of what can be seen, reached, and explored expands.
This newly accessible realm also becomes a space in which new knowledge
and skills can be acquired.

However, entry into this special world may involve encounters with
Threshold Guardians. In narratives, Threshold Guardians emerge at various
points to block the path and test the hero, especially around entrances and
transitional passages (Vogler, 2009, p. 193). In infancy, adult figures such as
parents and teachers may take on this role in addition to serving as guides.
For example, during the walking stage, parents may prevent or supervise the
child’s passage into spaces they perceive as dangerous. Vogler (2009) suggests
that in encounters with Threshold Guardians, different strategies are possible-
ignoring them, confronting them with faith, or negotiating with them-and
that, when approached appropriately, such figures may even become allies.
In this sense, parents can function both as guardians of the threshold and as
allies.

In Campbell’s monomyth, after crossing the first threshold the hero enters
the stage known as the Belly of the Whale. This stage symbolically represents a
process in which the hero undergoes transformation and prepares for rebirth
before entering the unknown world. Evoking the image of the womb, the Belly
of the Whale signifies a space in which the hero turns inward to confront
darkness and the unknown; in this process, the previous mode of existence
is symbolically destroyed and a new self emerges (Campbell, 2010, pp. 107-
111). Psychologically, this dark space may be interpreted as a metaphor for
confronting the unconscious and for the reorganization of the self.

In early childhood (0-3 years), it is difficult to observe such internal
transformations directly. Since cognitive and linguistic abilities are still
developing, these processes can only be assessed indirectly through behavioral
changes. Developmental psychology literature similarly emphasizes that
in early childhood, inner regulation and the formation of the self are often
interpreted through behavioral signs (Erikson, 1963; Piaget, 1952). In this
sense, periods during which the child turns inward and then re-emerges with
new behavioral patterns may symbolically be associated with the Belly of the
Whale.

In myths and fairy tales, once the hero has crossed the threshold, they
enter the special realm and begin the process of Initiation. Campbell describes
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this stage as one in which the hero moves through a dreamlike world of
shifting and ambiguous forms and passes through a series of trials (Campbell,
2010, p. 113). Campbell’s “Road of Trials” corresponds to Vogler’s Tests, Allies
and Enemies. This realm, previously unknown to the hero, may seem new
and frightening, yet it is also the place where development, learning, and skill
acquisition occur. Mythic narratives typically portray this stage as a dynamic
sequence of miraculous tests and ordeals. The hero must rely on previously
acquired tools, resources, and experience in order to proceed.

For a young child, this stage may be interpreted as the new experiential
field entered after learning to walk. Once walking begins, the child starts
exploring a world full of uncertainty—touching, tasting, and observing things
never encountered before. For the child, this world may be magical, surprising,
or frightening, much like the worlds found in myths and fairy tales. Every
curb, step, or dark corner may become a possible enemy or a site of testing.
Allies in this world may include parents, playmates, or even a comforting toy.
At such moments, what the child has learned from caregivers—or sometimes
simply a hand extended by a parent—may provide support.

After Tests, Allies and Enemies, Vogler (2009) identifies the next stage
as the Approach to the Inmost Cave, when the hero reaches the boundary
of the desired but dangerous object or space. The inmost cave is mysterious
and threatening. Upon reaching this threshold, the hero may need to pause,
prepare, make plans, and find a way past the guards. By this point, the hero
has already gained certain skills, resources, and companions from earlier
experiences in the special world, and these can now be used in approaching
the dangerous zone.

This stage may be interpreted in childhood as a newly walking child
approaching the other rooms of the house in order to explore them. By this
stage, the child has already developed walking ability. To reach the distant,
dark, and unknown room without a parent, the child needs courage. At the
same time, the child must have the mother’s permission to enter, because
if she refuses, she may simply pick the child up and carry them away. As a
hero, the child may attempt to persuade the mother not only through physical
resistance but also through speech or crying. These efforts depend on which
strategies the child has already learned in order to influence the caregiver.

According to Bowlby’s Attachment Theory, the stage between
approximately 6-8 months and 18 months-2 years is known as the clear-
cut attachment phase, during which attachment between the child and the
familiar caregiver becomes established. During this phase, children may show
separation anxiety or protest when separated from the caregiver. Between 18
months and 2 years, children also begin to develop strategies of persuasion
and negotiation in order to achieve what they want (Berk, 2013). From the
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perspective of the Hero’s Journey, these behaviors may be interpreted as part
of the child’s preparation for navigating the rules of the newly discovered
“special world” entered through walking. In this sense, the competencies
developed within the attachment relationship may help the child pass through
the stage of the Approach to the Inmost Cave.

In Campbell’s (2010) account of initiation, unlike Vogler’s simplified
model, the stage of Meeting with the Goddess also appears. This stage refers
to the hero’s encounter with various manifestations of the goddess archetype.
Campbell states that the mature hero ultimately longs to return to the image
of the “comforting, nourishing, young, beautiful, and good mother” retained
in childhood memory. Yet the mother may not always appear in this idealized
form.

Campbell (2010) describes the negative mother figure in narrative terms
as follows:

The “bad” mother may appear as the object of aggressive fantasies and
the feared source of retaliation; as the absent, inaccessible mother; as the
prohibiting, punishing, restraining mother; as the mother who tries to keep
the growing child from separating; or as the desired but forbidden mother
whose presence becomes a trap for dangerous desire (p. 127).

The maternal figures Campbell identifies in myths and fairy tales can
also be interpreted as corresponding to the types of mothers encountered by
children in real life during the 0-3 age period. At times, the same mother
may display different versions of the maternal figure. Freud’s psychosexual
theory similarly argues that the child’s early relationship with the mother has
lasting consequences for adult psychology. In the Oral Stage (0-18 months),
the extent to which the child’s needs are met and the mother’s attitudes during
this period may shape later issues of dependency and trust (Erden & Akman,
2021). Likewise, in the Anal Stage (18 months-3 years), the mother—child
relationship plays a crucial role in the development of autonomy (Inci, 2012).

In the Hero’s Journey, there are also female figures who guide the hero
and help break the hero’s chains. These figures may be interpreted, in terms
of child development, as reflections of the “mother” who enables the child
to achieve autonomy through appropriate attitudes and support. From this
perspective, the different versions of the maternal archetype may serve as a
metaphorical tool for understanding the diverse effects of maternal figures on
child psychology.

In Vogler’s (2009) model, the Ordeal is one of the turning points of the
story and refers to the stage at which the hero faces the most formidable
opposition. At this stage, the hero is tested through severe difficulties and
often experiences a major loss or breakdown. Vogler describes the essence
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of this process with the phrase: “Heroes must die so that they can be reborn”
(2009, p. 223). In this sense, the ordeal is a critical threshold at which the
hero’s old self is shaken and transformation becomes possible. Confronting
death expands the hero’s experience and makes possible a deeper awareness
and wisdom.

In childhood, this stage may be interpreted through the physical
difficulties children encounter in their attempts to explore the world—falling,
getting hurt, or suffering minor injuries. After such experiences, the child is
no longer exactly the same as before. The child comes to know the possible
consequences of actions and gains awareness that one can survive difficulty.
In this sense, the child’s new consciousness may be interpreted as a symbolic
form of rebirth.

After enduring the ordeal, the hero reaches the stage of Reward. In
Campbell’s account, the final reward may take the form of a gift, a new ability,
or even marriage. Psychologically, however, the reward may be understood as
the transformation itself—the result of overcoming fear and confronting one’s
shadow.

In the child’s life, this stage may take the form of receiving gifts, praise,
or applause in response to a correct or courageous action. Kohlberg argued
that in the pre-conventional level of moral development, when children have
not yet internalized moral principles, they tend to evaluate right and wrong
in terms of reward and punishment and according to the satisfaction of
their immediate needs (Erden & Akman, 2021). From this perspective, for
children aged 0-3, notions of good and bad are strongly shaped by reward
and punishment. Thus, when the reward stage is considered in terms of what
parents provide, it acquires pedagogical significance. At the same time, the
knowledge, confidence, and courage children gain through their acts of
curious exploration may also be understood as their reward. In this respect,
“reward” plays a significant role in the child’s life, just as it does in the hero’s
life.

The next stage, The Road Back, refers to the point at which the hero,
having passed through the ordeal and gained the reward, must decide whether
to remain in the special world or return to the ordinary world. The return is
important because it allows the hero to carry the knowledge and experience
gained in the special world back into the ordinary world from which the
journey began (Vogler, 2009).

A similar dynamic may be observed in childhood. When children
encounter new experiences and spaces of exploration, they may at times
become captivated by the “special world” and not wish to return, or
alternatively, they may move toward return out of anxiety. At this point, the
child’s level of self-efficacy may become decisive in navigating between the
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special and ordinary worlds. Self-efficacy is defined as the individual’s belief
in their capacity to organize and successfully perform a specific action in a
given situation (Bandura, 1981, cited in Kog et al., 2001, p. 155). If, through
the journey, the child develops a sense of self-efficacy, the process of deciding
to return may become easier. Believing that one can return-and embark on a
new adventure again-may motivate the child to continue.

Another stage within the return sequence is Resurrection, which Vogler
(2009) describes as one of the most critical moments both for the hero and
for the narrative itself. At this stage, before returning to the Ordinary World,
the hero must gain one final quality. The struggle at this point should reveal
both the strengths of the hero’s former self and the new capacities acquired
during the journey. In childhood, learning occurs through experience, and
the child symbolically reconstructs the self by adding new knowledge and
skills to previous ones. In this respect, the child’s developmental process may
be seen as parallel to the stage of Resurrection.

Finally, Vogler (2009) states that a true hero returns to the ordinary world
with something to share. In the stage of Return with the Elixir, the hero brings
back a gift, and through this gift the ordinary world becomes better, healthier,
and more whole. While the reward is something the hero gains personally,
the elixir is something brought back for the community. In the case of the
child hero, this “community” may be interpreted as the parents. With every
adventure, the child becomes more competent through newly acquired
knowledge and skills, and this may increase the comfort of the parents as
well. At the same time, what has been learned also makes future adventures
possible, thereby sustaining a continuous cycle of learning and development.

4. Conclusion and Educational Implications

Like the narrative of the Hero’s Journey, human development may also
be understood as an ongoing process of transformation. Much like a mythical
hero, the individual in everyday life moves from one adventure to another
throughout the course of life. Each adventure leads to new learning, and
learning itself never truly comes to an end. The flow of life continually calls
the individual toward new experiences and new stages of development. This is
especially evident in childhood, when such “adventures” occur frequently and
are often repeated until learning takes place.

In this study, childhood was examined within the framework of
developmental psychology literature and interpreted through the stages of
the Hero’s Journey. The analysis revealed a number of parallels between the
child’s developmental journey and the stages of the Hero’s Journey. When
these literature-supported similarities are taken into consideration, the Hero’s
Journey pattern appears to provide a powerful metaphorical framework for
understanding child development. In this respect, the study supports the view
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that the developmental process of childhood can be interpreted through the
motif of the Hero’s Journey.

This perspective also has important implications for educational settings.
Children’s learning and developmental processes, much like the Hero’s
Journey itself, may be understood as gradual and cyclical processes involving
experience, exploration, error, and transformation. From this standpoint,
it may be beneficial to design educational environments as developmental
journeys. Such environments should create learning opportunities by allowing
children to experiment, explore, make mistakes, and try again.

Within learning environments grounded in this idea of a developmental
journey, the role of the teacher can also be reconsidered. In a manner similar to
the mentor figure in the Hero’s Journey, teachers may function as guides who
encourage children and help them acquire the knowledge and skills needed
for the next stage of development. At times, this guide may take the form
of a compassionate rescuer who reaches out to support the child in difficult
moments; at other times, the teacher may assume a role closer to that of a
threshold guardian, challenging the child, setting limits, and helping them
confront themselves. Both roles can contribute meaningfully to the child’s
developmental process.

The most developmentally supportive form of guidance, however, is
one that nurtures children’s curiosity, encourages their desire to explore,
and provides them with a safe space for learning. Curiosity and the desire
to explore are among the most important forces that move the hero toward
the next stage of the journey. In the same way, they are central to children’s
developmental progress. When educational environments offer secure
opportunities for growth, children may find the inner strength to continue
their journeys even when they make mistakes or encounter difficulties. In this
sense, framing development as a heroic journey may also support children’s
self-confidence and motivation.

Ultimately, the Hero’s Journey pattern should not be regarded as a
framework intended to replace established theoretical models of child
development. Rather, it may be understood as a metaphorical lens that
helps interpret these developmental processes from a different perspective.
Viewing children’s developmental experiences through the metaphor of a
journey may contribute to a more holistic understanding of their processes
of transformation. At the same time, this perspective may also support the
rethinking and redesign of educational environments in ways that more fully
respond to children’s developmental needs.
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1. Introduction

Early childhood (ages 0-6) is regarded as a critical developmental stage
in the field of child development, during which the foundations of cognitive,
linguistic, social, and emotional development are established and learning
occurs in the most rapid and lasting manner (Diamond, 2013; Lezak, 1995).
During this period, children make sense of the world through their interactions
with their environment, develop concepts based on their experiences, and
learn to use language not only as a means of communication but also as a
fundamental cognitive tool that structures thinking, problem solving, and
learning (Miyake et al., 2000).

Early childhood is a critical life stage during which individuals’ cognitive,
emotional, and social development occurs rapidly. The fundamental skills
acquired during this period directly influence individuals’ success in their
subsequent educational experiences and daily lives. In particular, the cognitive
processes referred to as executive functions play a central role in children’s
ability to plan, sequence, and regulate goal-directed behaviors. Executive
functions consist of core components such as working memory, inhibitory
control (inhibition), and cognitive flexibility, and they support individuals’
problem-solving, planning, reasoning, and learning processes (Diamond,
2013; Lezak, 1995; Miyake et al., 2000). These functions are critical not only in
cognitive tasks but also in coping with social and emotional situations.

Science education is a learning domain that supports children’s natural
curiosity and motivation to learn, while fostering problem-solving and
scientific thinking skills. Early exposure to science education enables children
to acquire conceptual and procedural knowledge, prepares them cognitively
and socially for primary school, and helps them develop a science learner
identity (Brenneman et al., 2009; Clements & Sarama, 2016; Oppermann et al.,
2018). This process allows children to develop fundamental scientific process
skills such as exploring the environment, making observations, formulating
hypotheses, and testing them.

The relationship between executive functions and science education is
particularly important during early childhood. In science activities, children
use their executive functions in processes such as generating hypotheses,
making predictions, and evaluating outcomes, and these processes contribute
to the development of their cognitive control mechanisms (Gropen et
al., 2011; Zelazo et al., 2006). Moreover, research indicates that executive
functions can be strengthened not only through biological maturation but
also through appropriate pedagogical approaches (Blair, 2016; Diamond et al.,
2007). Therefore, early childhood science education should be structured in
ways that support children’s executive functions, such as attention, working
memory, and inhibitory control.



International Studies in Educational Sciences * 21

In this book chapter, first, the definition, components, and neural
basis of executive functions will be addressed; subsequently, the theoretical
foundations of science education in early childhood will be examined; and
finally, the interaction between science education and executive functions
will be evaluated, and implications for educational practice will be presented.
In this way, the relationship between the role of executive functions in
early childhood science education design and pedagogical strategies will be
systematically articulated.

2. Executive Functions: Definition, Components, and Neural Basis

Executive functions are defined as an umbrella term referring to a set
of interrelated cognitive processes that enable individuals to plan, sequence,
and regulate goal-directed behaviors (Anderson, 2002). These functions
encompass abilities such as temporarily holding information in memory,
inhibiting automatized responses, and flexibly shifting attention between
relevant aspects of a task or problem (Blair, 2017). In other words, executive
functions consist of complex mental skills that make it possible to set goals,
plan, initiate actions, and achieve goals despite interruptions. Planning,
problem solving, reasoning, and the execution of daily life skills are among
the core indicators of executive functions (Blair, 2017).

The reason these functions are referred to as “executive” lies in their
supervisory role in integrating information stored in different regions of the
brain and their potential to influence other domains of cognition — such as
learning, memory, language, and visual perception (Salimpoor & Desrocher,
2006). Executive functions enable the inhibition of habitual behaviors, the
deliberate focusing of attention, and the regulation of thoughts in complex
or stressful situations (Blair, 2017). They have been examined in research
conducted within the fields of cognitive psychology, neuropsychology,
developmental psychology, and educational sciences, leading to the
development of various definitions across disciplines (Anderson, 2012;
Gartstein et al., 2013; Groppe & Elsner, 2015; Hendry et al., 2016; Lezak, 1995;
Miyake et al., 2000).

An examination of different definitions reveals that (Lezak, 1995)
conceptualized executive functions as the capacity to successfully carry out
independent, goal-directed behavior and subsumed them under intellectual,
verbal, perceptual, memory, conceptual, orientation, and attentional
functions. Elliott (2003) defined executive functions as an umbrella term
for cognitive processes such as solving novel problems, modifying behavior
in light of new information, developing strategies, and sequencing complex
actions (Diamond, 2013); described these functions as top-down mental
processes required in situations where automatic or intuition-based responses
are insufficient. Blair (2017), in turn, conceptualized executive functions as
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thinking skills that support reasoning, planning, problem solving, and the
management of one’s life.

Although there is no single, universally accepted definition of executive
functions, there is a general consensus among researchers regarding three core
components: Working memory, inhibitory control (inhibition), and cognitive
flexibility (Diamond, 2013; Miyake et al., 2000; 18). These core components
give rise to higher-order executive functions such as reasoning, problem
solving, and planning (Collins & Koechlin, 2012; Lunt et al., 2012) and are
critical for both normal mental functioning and social and psychological
development (Corcoran & O’Flaherty, 2017).

Jacobson and colleagues (2017) classified executive functions into lower-
and higher-level skills. Lower-level skills include basic functions such as
cognitive fluency and processing speed, whereas higher-level skills encompass
cognitive flexibility, working memory, inhibitory control, planning, reasoning,
and problem-solving abilities. Korkmaz and colleagues (2013) conceptualized
executive functions as “memory”, “attention”, “volition and behavior”, and
“thoughts”, and discussed the indicators of each component. Memory was
defined as strategies for controlling and encoding information; attention as the
ability to focus, sustain, and disengage attention; volition and behavior as goal
setting and the execution of complex behaviors; and thought as the abilities
to understand danger, anticipate outcomes, and classify information. Gioia
and colleagues (2000) emphasized that executive functions are not limited
to cognitive processes alone but are also related to emotional responses and
behavioral actions.

From a neural basis perspective, executive functions have been shown
to be largely localized in the prefrontal cortex. This region is associated
with executive functions such as working memory, inhibitory control, and
flexible shifting of attention (Fassbender et al., 2004; Scheibel et al., 2003). The
prefrontal cortex regulates perception, thought, and behavior by activating and
inhibiting other brain regions (Shallice, 2002). Executive functions developing
in this region show significant progress particularly during the preschool
period (Isquith et al., 2018; Sonuga-Barke et al., 2002). Research indicates that
the core components of executive functions become distinguishable around
the age of five (Garon et al., 2008).

Working Memory: The capacity to temporarily hold, maintain, and
manipulate information. It supports reasoning, language comprehension,
and coordination across cognitive tasks, facilitates switching between
multiple tasks, and prevents distractibility (Gathmann et al., 2015). In daily
life, working memory plays a critical role in planning, sequencing tasks, and
achieving individual goals (Alloway & Alloway, 2010; Kroesbergen et al.,
2014).
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Inhibitory Control (Inhibition): The ability to suppress inappropriate
automatic responses and focus attention on the primary goal (Diamond, 2013).
This ability plays an important role in the regulation of behavior, emotion, and
attention, and supports the coordination of executive functions by helping
working memory filter out irrelevant information (Flook et al., 2015).

Cognitive Flexibility: The ability to shift thoughts and perspectives,
transition between different viewpoints, and adapt to changing conditions
(Diamond, 2002). It is the latest-developing component among executive
functions, and the ability to perform appropriately in complex tasks is
associated with this process (Brooks et al., 2003).

3. Theoretical Foundations of Science Education in Early Childhood

The process of learning in science begins long before children enter
formal education, and when appropriate learning environments are
provided, individuals in early childhood can acquire fundamental scientific
competencies (Koerber et al., 2005). Children naturally enjoy exploring
scientific phenomena, and these early gains provide significant advantages in
their later academic lives (Oppermann et al., 2018; Sackes et al., 2011). This
situation has led to a strong consensus in the academic literature regarding
the necessity of addressing science education as an integral part of early
childhood curricula (Brenneman et al., 2009).

Early science education is regarded as a means of fostering children’s
natural curiosity, motivation, and problem-solving skills (Clements & Sarama,
2016). Children display an instinctive tendency to explore their environment
and demonstrate high levels of motivation during this process (Raffini, 1993).
In this context, science activities in the preschool period shape children’s
early experiences with scientific phenomena and establish the cognitive and
motivational foundations that enable them to develop a “science learner”
identity (Aschbacher et al., 2010).

The importance of science education at an early age necessitates an
integrated consideration of conceptual and procedural knowledge dimensions.
While conceptual knowledge enables children to understand environmental
phenomena, procedural knowledge supports problem-solving abilities by
developing “doing science” skills such as observation, prediction, and inference
(Eshach & Fried, 2005). The development of positive attitudes toward science
education among children depends on teachers™ ability to present science
topics in ways that stimulate curiosity and increase engagement. To this end,
teachers should support science activities with real-life examples and hands-
on experiences, providing interactive and enjoyable learning environments
that promote learning by doing and experiencing (Oppermann et al., 2018).

Historically, approaches to preschool science education have been shaped
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by Piaget’s constructivist theory of cognitive development and Vygotsky’s
emphasis on social interaction (National Association for the Education of
Young Children [NAEYC], 2009). This perspective defines one of the primary
goals of preschool education as ensuring children’s cognitive and social
readiness for primary school. However, there are differences of opinion among
educators regarding the definition of “readiness” and the means of achieving
it; while some advocate for an academically focused approach, others adopt
a whole-child perspective and propose a holistic educational framework
that supports not only cognitive development but also physical and social-
emotional development (Bishop-Josef & Zigler, 2011; Wilinski, 2017).

Preschool science education aims not only to promote cognitive
development but also to enhance children’s scientific process skills, problem-
solving abilities, and capacity to address everyday problems using scientific
methods. Nevertheless, the time allocated to science content in existing
curricula is limited, and teachers’ insufficient pedagogical and content
knowledge in science hinders the provision of adequate emphasis on science
education (Oppermann et al., 2018; Piasta et al., 2014).

In recent years, paradigms in science education have adopted a holistic
approach that encompasses not only individual cognitive development but
also social, cultural, and motivational dimensions. This reform-oriented
perspective encourages learners not merely to acquire knowledge but to
understand and apply science (Morris, 2025). The preschool period is
considered a critical stage for the implementation of this holistic approach, as it
supports children’s curiosity and motivation while ensuring the development
of scientific process skills, problem-solving abilities, and creative thinking
capacities.

4. The Interaction Between Science Education and Executive Functions

The theoretical foundations of science education in early childhood
are addressed within the framework of children’s cognitive developmental
characteristics and, in particular, the role of executive function capacity in
scientific thinking processes. It is emphasized that executive function capacity
plays a critical role in preschool children’s processes of testing hypotheses and
evaluating obtained results, and that children are able to test hypotheses even
before they fully possess the capacity to confirm or revise them (Gropen et
al,, 2011). This highlights that science education in early childhood should be
structured not merely as a process of knowledge transmission, but also as a
learning domain that supports cognitive control mechanisms.

The development of executive function capacity is age-related and largely
based on the maturation of the prefrontal cortex (Zelazo et al., 2003; Zelazo
et al.,, 2008). However, executive function capacities in preschool children
are not solely the result of biological maturation; through appropriately
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structured pedagogical approaches, these capacities can be actively integrated
into learning processes (Madanipour et al., 2025). Research demonstrates that
executive function skills in the preschool period can be strengthened through
educational programs and structured activities, indicating that children
require pedagogical support in order to use their cognitive control processes
effectively within learning contexts (Blair, 2016). In particular, when children
are unfamiliar with specific science content, they may be unable to use
inhibitory control effectively due to limited attentional capacity and working
memory resources, and may struggle to coordinate these processes efficiently
(Espy & Bull, 2005). In this regard, early childhood science education should
be designed in ways that support executive function components such as
attention, working memory, and inhibitory control.

Studies in the literature indicate that executive function capacity can be
enhanced through education (Diamond et al., 2007; Dowsett & Livesey, 2000,
Kloo & Perner, 2003; Landry et al., 2002; Thorell et al., 2009). These findings
challenge a common assumption regarding early science education: The view
that it is meaningless to attempt to change preschool children’s scientific
misconceptions. On the contrary, the malleability of executive functions
suggests that children can gradually become individuals with higher levels
of cognitive control and develop stronger critical thinking skills (Klaczynski
& Cottrell, 2004; Stanovich, 1999; Stanovich & West, 2000). In this context,
scientific thinking involves not only possessing accurate scientific concepts
but also developing mental habits that support cognitive control within
scientific inquiry processes.

This developmental process related to science education can be understood
more clearly within the framework of levels of Reflective Consciousness (RC).
According to Zelazo and colleagues (2006), children between the ages of 3
and 4 are typically at the level of Reflective Consciousness 1 (RC1), at which
they are able to use single-dimensional rule pairs. That is, they can apply
rules that make distinctions within the same dimension. For example, within
the Dimensional Change Card Sort (DCCS) task, three-year-old children
can sort two-dimensional picture sets according to only one dimension
(e.g., color). However, they are unable to shift between dimensions (Jacques
et al., 1999; Zelazo, 2006). This indicates that children can think about one
rule in relation to another but cannot integrate incompatible rule pairs
within a single system. Only when children reach Reflective Consciousness
2 (RC2) at around four years of age are they able to revise and verify their
predictions through hypothesis testing. At this level, the ability to integrate
incompatible rule pairs within a single system develops, and children are not
only able to make predictions but can also explain why and how they changed
their predictions based on the results obtained (Zelazo et al., 2006). This
developmental distinction clearly demonstrates why pedagogical approaches
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that are sensitive to executive function capacity are critical during science
education.

Within this theoretical framework, the cycle of hypothesis testing and
revision constitutes a critical starting point for preschool science education.
This cycle enables teachers to make children’s existing knowledge and thinking
visibleand to use thisinformation to deepen children’sscientificunderstanding.
Preschool science learning can occur at different levels of cognitive complexity
that involve the application and strengthening of executive function capacity.
At the RC1 level, teachers can support children’s use of executive functions by
encouraging focused predictions and accurate observations in a new science
domain, while also enriching the process through reflective activities. At the
RC2 level, the goal is not only for children to abandon incorrect conceptions
but also to be able to explain why and how they revised their predictions. This
process supports the development of language and metacognitive awareness
in addition to cognitive control (Gropen et al., 2011).

From the perspective of the theoretical foundations of early childhood
science education, reflective processes occupy an important place. Comparing
discrepancies between children’s predictions and observations, emphasizing
the dimensionsassociated with accurate predictions, and creating collaborative
learning environments are among effective classroom practices that support
reflection (Gopnik & Astington, 1988; Gropen et al., 2011; Kloos & Van Orden,
2005). Such practices allow children to deepen their scientific sense-making
processes by comparing their own thinking with that of others.

Finally, the theoretical foundations of science education in early
childhood are also directly related to the level of science content knowledge
that teachers possess. Teachers’ use of content knowledge varies depending on
students’ executive function capacities. At the RCI level, content knowledge
is indispensable for planning investigations that support specific predictions,
require accurate observations, and challenge children’s misconceptions. At the
RC2 level, additional content knowledge enables teachers to engage in longer
and more in-depth interactions with children about scientific phenomena and
to use appropriate scientific language. In this context, language emerges as a
fundamental tool for making children’s implicit thinking explicit (Karmiloft-
Smith, 1996; Zelazo et al., 2006). When appropriately structured, explanation
and reflection are regarded as powerful pedagogical tools that support children
in articulating their thoughts, forming new connections, and deepening
scientific knowledge (Bowman et al., 2001; Epstein, 2003; Landry & Forman,
1999).

5. Conclusion and Recommendations

The interaction between science education and executive functions in
early childhood plays a central role in shaping children’s cognitive, social,
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and motivational development. Executive functions, particularly components
such as working memory, inhibitory control, and cognitive flexibility, serve
fundamental roles in children’s problem-solving, hypothesis testing, and
scientific thinking processes (Diamond, 2013; Zelazo & Carlson, 2012). These
functions not only develop through biological maturation but can also be
strengthened through appropriate pedagogical interventions and strategies,
and effectively integrated into children’s learning processes.

In this context, it is crucial that the pedagogical strategies of early
childhood science education be designed in accordance with children’s levels
of cognitive development. Children between the ages of 3 and 4 are generally
at the RC1 level, where they can make single-dimensional predictions and
organize their observations using limited rules. During this period, it is
recommended that teachers design activities that direct children’s attention
toward a specific goal and encourage them to use their executive functions
through simple experiments. For instance, children’s observational skills can
be enhanced through experimental questions such as whether colored objects
sink or float in water.

Older children, upon reaching the RC2 level, develop the capacity to
integrate conflicting rules and to revise their predictions. At this stage,
teachers should organize activities that guide children not only to correct
misconceptions but also to explain these concepts within a cause-and-
effect framework. Such activities promote children’s cognitive control and
metacognitive awareness while also facilitating the acquisition of higher-level
scientific thinking skills.

The pedagogical implementation of science education should support
hands-on learning and make learning experiences interactive and inquiry-
based. Teachers’ use of science content knowledge in a manner that is sensitive
to children’s executive function capacities is a determining factor in creating
effective learning environments. Moreover, the systematic integration of
explanation and reflection processes will enable children to compare their
own thinking with that of others and to deepen their scientific sense-making
processes.

In conclusion, early childhood science education not only provides
scientific knowledge but also offers a holistic learning experience that supports
the development of executive functions, particularly key components such
as cognitive control, problem-solving, and metacognitive awareness. In this
process, teachers should structure activities considering children’s cognitive
capacities, use content knowledge as a guiding tool, and systematically
integrate reflective processes. In this way, children can develop as individuals
competent in both scientific knowledge and cognitive control processes.
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Artificial Intelligence Performance in Exams

Artificial intelligence (AI) systems’ performance in national examinations
has garnered significant attention in recent years, particularly in fields such
as healthcare and education. Meta analytical studies examining ChatGPT’s
performance in national health licensing examinations have indicated that
version updates contribute to increased accuracy rates (Jin et al., 2024).
Furthermore, within the context of health licensing examinations, ChatGPT
models have been reported to demonstrate greater proficiency in the fields of
pharmacy, medicine, dentistry, and nursing, respectively (Jin et al., 2024).

In the field of medicine, the performance of different ChatGPT models
(3.5, 4, 40) has been evaluated in examinations conducted across various
countries (Alfershofer et al., 2023), including China (Ming et al., 2024; Zong
et al., 2023), the United States (Gilson et al., 2023), Taiwan (Hsieh et al., 2024;
Huang et al., 2024), India (Gandhi et al., 2024), Poland (Siebielec et al., 2024),
Japan (Sawamura et al., 2024), United Kingdom (Giannos & Delarus, 2023)
Sweden (Arvidsson et al., 2024), Spain (Solmonovich et al., 2024), France
(Guigue et al.,, 2024), Italy (Rosettini et al.,, 2024), Tirkiye (Oztermeli &
Oztermeli, 2023), Brazil (Alessi et al., 2024) and Peru (Flores-Cohaila et al.,,
2023).

Although ChatGPT performs quite successfully on simple tasks at the
basic knowledge and comprehension level, it has been determined that its
performance declines significantly as the questions become more difficult. In
particular, it has been found to be insufficient in solving complex problems
that require application and in interpreting visual elements (such as graphs
and tables) (Dao & Le, 2023).

GPT-4 demonstrates a high level of proficiency in providing conceptual
explanationsin physics. However, it remains comparatively weakin performing
formal derivations and handling multi step symbolic manipulations (Bubeck
et al., 2023). It has been determined that the mathematical problem solving
performance of large language models such as GPT-4 varies significantly
depending on the type and difficulty level of the problem. While these
models tend to perform well on questions that require recalling definitions
and applying fundamental knowledge, they have been found to be markedly
insufficient when dealing with problems that require formal proofs and
advanced reasoning (Frieder et al., 2023).

Meta analyses in the literature indicate that ChatGPT significantly
enhances students’ academic performance, while having moderately positive
effects on their learning perceptions and higher-order thinking skills (Wang
& Fan, 2025). However, this effect has been shown to vary depending on how
ChatGPT is used, the type of course, and the duration of use. It was found that
students who used ChatGPT in a teacher education program achieved higher
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scores both in higher-order thinking skills and overall performance (Lu et al.,
2024).

In standardized examinations like SAT, the performance of artificial
intelligence varies considerably depending on the model generation, the
difficulty level of the questions, and the subject domain. GPT-4 achieved an
accuracy rate of 95% on the SAT Mathematics exam and 92.5% on the Gaokao
English exam, thereby surpassing the average human performance on the
SAT and LSAT (Zhong et al., 2024).

ChatGPT’s SAT math performance has been reported to be moderate and
variable. The model’s overall accuracy rate in math is around 56%, ranging
from 72% in some test sets to as low as 31% in others (Tan et al., 2024). It has
been observed that the model performs better on multiple choice questions,
but makes more errors on open-ended questions. Furthermore it has been
determined that the model’s performance is sensitive to the prompts used. It
has been found that while instructions such as “just give the answer” reduce
accuracy, allowing the student to generate solutions yields more accurate
results. Overall, while ChatGPT demonstrates average success in high school
level mathematics, it shows limitations in terms of consistency and deep
problem solving (Tan et al., 2024).

Al systems generally demonstrate high performance in nationally
standardized examinations. Particularly in structured and well-defined
problem domains, they achieve results comparable to or even exceeding
human performance. However, their performance tends to vary in areas that
require open-ended responses and complex problem solving skills.

High School Transition System

The High School Transition System (HSTS) is an examination system
implemented by the Ministry of National Education (MoNE) of the Republic
of Tirkiye since 2018. Based on a centralized exam score, it is designed for
8th-grade middle school students to be placed into high schools. This system
enables student placement through both local placement and admission to
schools that accept students via centralized exam scores. Following the
announcement of the central exam scores, student placements are carried out
initially based on their central exam results, followed by the local placement
system. The HSTS examination is administered in two separate sessions on
the same day, one in the morning and the other at noon. The first session
encompasses tests on verbal subjects, while the second session includes tests
on quantitative subjects, specifically science and mathematics (MoNE, 2025).

+ 35
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Table 1. HSTS Science Curriculum Topic Classification

Discipline Learm‘ng Unit Titles Topics Covered
Domain
Seasons and Formation of Seasons, Climate and Air
Physical . Movements, Pressure, Simple Machines,
. Climate, Pressure, . . .
Physics Phenomena; Simple Machines Electric Charges and Electrification,
Earth and Space Elecli ricit > Electrically Charged Objects,
Y Transformation of Electrical Energy
Structure and Periodic Table, Physical and Chemical
. . Matter and . . .
Chemistry Properties of Changes, Chemical Reactions, Acids and
Industry
Matter Bases
Ic)i\ldl:a;:e?enetlc DNA and Genetic Code, Heredity,
Living Trans’formagti);ns Mutation and Modification, Adaptation,
Biology =~ Organisms and and Biotechnology, Food Chain and Energy

Life Processes Flow, Energy Transformations, Matter

Environmental .
.Vlr Cycles, Sustainable Development
Science

The science test is prepared based on the 8th-grade curriculum. The
Turkish HSTS science curriculum is organized into three core scientific
disciplines: physics, chemistry, and biology, each aligned with specificlearning
domains and unit structures (Table 1). Physics encompasses topics within the
domains of physical phenomena and earth-space science, such as seasonal
changes, pressure mechanics, simple machines, and electricity, all of which
emphasize conceptual understanding and application in everyday contexts.
Chemistry centers on the structure and properties of matter, focusing on
units like the periodic table, chemical reactions, and acid-base behavior,
thereby fostering foundational knowledge of matter transformations. Biology
is grounded in studying living organisms and life processes, emphasizing
genetics, biotechnology, ecology, and sustainability. The distribution reflects
a curriculum design that balances disciplinary content with interdisciplinary
connections, preparing students to engage in complex scientific reasoning
and real world problem solving.

Table 2. HSTS Science Exam Topic-Based Question Distribution

Average Number

Unit Titl
it Litle of Questions

Description

. . Predominantly includes questions requirin,

Seasons and Climate 1-2 questions . Y d d &
interpretation of graphs and data.

. . Emphasizes topics such as heredity and

DNA and Genetic Code 2-3 questions o~ P ¥
genetic mutations.

Typically integrates solid, liquid, and gas

Pressure 2 questions pressure concepts within a unified question
structure.
Periodic Table — Focuses on the structure and transformation

2-3 questions

Chemical Reactions of matter.
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Average Number

Unit Title . Description
of Questions P
. . . Assesses understanding of mechanical
Simple Machines 1-2 questions M ANCIng '
systems in real-life contexts.
Electric Charges and . Frequently addresses circuit components and
. 2 questions . . .
Electrical Energy the interaction between electric charges.

Energy Transformations .
24 Covers core concepts such as food chains,

nd Environmental 2- ion
a d vironmenta 3 questions energy flow, and sustainability.
Science
Acids, Bases, and . . .
. . ) Assesses identification of acids and bases
Physical-Chemical 1-2 questions . . .
through practical, everyday-life scenarios.
Changes

Table 2. reflects the approximate thematic weight of each unit in the
HSTS science component, indicating the prioritized content areas and
associated cognitive demands. The exam questions are designed to assess not
only students’ knowledge levels but also their higher order cognitive skills,
such as reasoning, scientific process skills, interpretation of graphs and tables,
and problem based thinking. The question format is multiple choice, each
item offering four answer options. These questions typically require reading
comprehension and interpretative skills. They often incorporate experimental
scenarios and contexts related to daily life. Additionally, skill based questions
may include visual elements, graphs, and tables. There are also questions that
consist solely of textual content.

When designing HSTS science questions, the Turkish MoNE adopts an
assessment approach in line with international frameworks such as PISA
and TIMSS. This orientation aims not merely to evaluate students’ factual
knowledge but to assess their ability to apply scientific understanding to
problem-solving contexts.

Table 3. HSTS Science Exam Classification by Question Type

Approximate
Question Type Description Proportion (out
of 20 questions)
Requires analysis and inference based
Interpretation, Graph on provided graphs, tables, or visual 30-35% (6-7
and Table Analysis data. Frequently utilized in units such as questions)
environmental science, DNA, and pressure.
Scientific Process Involves scientific reasoning such as forming
: . S ; 20-25% (4-5
Skills (Experiment, hypotheses, identifying variables, and .
Hypothesis) interpreting experimental scenarios. questions)

Assesses the application of scientific knowledge

within everyday contexts. Common in topics ~ 15-20% (3-4
such as electricity, energy conversions, and questions)
acid-base chemistry.

Contextual Questions
Based on Real-Life
Scenarios
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Approximate
Question Type Description Proportion (out
of 20 questions)

Relies on direct recall of factual knowledge,
Conceptual Knowledge, concept identification, or error detection. Less  10-15% (2-3
Definition-Based Items ~ frequently emphasized due to the exam’s focus ~ questions)
on application of knowledge.
Requires establishing cause-effect relationships
and analyzing processes within a logical 15-20% (3-4
framework. Often used in biology and physical ~questions)
sciences.

Causal Reasoning,
Logical Inference
Questions

This table 3 reflects the cognitive and analytical depth of the Turkish
national HSTS science assessment, emphasizing scientific literacy, data
interpretation, and applied reasoning over rote memorization. A significant
proportion of the questions are constructed to require multi step reasoning,
establishing conceptual relationships, and analyzing distractors, thereby
encouraging deeper cognitive engagement. Furthermore, the prevalence
of simple recall based questions is relatively low, necessitating students to
demonstrate a higher degree of scientific literacy, critical thinking, and
analytical skills to succeed.

The aim of the study

This study aims to examine the performance of ChatGPT-4 in solving
the High School Transition System science questions and how it explains the
answers to these questions. Accordingly, ChatGPT-4’s language processing
capabilities, image processing success, knowledge level in science subjects,
appropriateness to student level, and problem solving strategies were analyzed
in detail.

Based on the identified research problem, the sub-problems are as follows:

1. What is the accuracy rate of the answers provided by ChatGPT-4 to
HSTS science exam questions, and in which types of questions do incorrect
responses most commonly occur?

2. To what extent is ChatGPT-4 capable of understanding HSTS science
question texts and extracting the necessary information?

3. How successful is ChatGPT-4 in processing and interpreting visual
elements included in HSTS science questions?

4. How effective and detailed are the explanations provided by
ChatGPT-4 for its answers to HSTS science questions?

5. To what degree are ChatGPT-4’s responses to LGS Science questions
appropriate for the students’ grade level?
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The methodology of the study

In this study, the case study design was employed as a qualitative research
method. A case study aims to examine one or a few cases in depth and evaluates
the factors related to a case through a holistic perspective (Yildirim & $imsek,
2021). This method is preferred when investigating contemporary phenomena
within their real-life context, particularly in situations where the boundaries
between the phenomenon and its context are not clearly evident and where
multiple sources of evidence are available (Yildirim & Simsek, 2021).

The case study approach is particularly suitable for thoroughly examining
how ChatGPT-4 approaches HSTS science questions, its problem solving
processes, and the challenges it encounters. It enables a comprehensive
understanding of the solution strategies developed in response to the specific
problems faced by the model and the effectiveness of these strategies (Yildirim
& Simsek, 2021).

The content analysis method was used to analyze the data. Content
analysis is suitable for evaluating the quality, scope, and accuracy of ChatGPT-
4’s answers to HSTS science questions, and it allows for a detailed examination
of the model’s language processing capacity and its mastery of the subject
matter. For each question, the accuracy of ChatGPT-4s responses was checked
and its solution processes were examined. The model’s rate of correct answers
was considered the primary indicator of its performance. Factors such as
the types of questions it answered correctly, the complexity of the questions,
the clarity of its explanations, and their appropriateness to the student level
played a significant role in determining the model’s overall success. Questions
that were answered incorrectly were analyzed in detail to identify the types of
questions the model struggled with and to examine the underlying reasons for
these errors. This analysis provided valuable insights into the model’s potential
use as an instructional tool and areas for improvement in terms of teaching
methodologies. The themes and codes derived from the content analysis are
presented in Table 4, and the findings were interpreted accordingly.

Table 4. Themes and Codes

Themes Codes
Accuracy and Incorrectness Correct answer

Incorrect answer

Types of Incorrect Answers Misunderstanding the question
Failure to relate information
Visual content related
Text based

Visual Processing Successful processing
Unsuccessful processing
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Themes Codes
Effectiveness of Explanation Highly effective explanations
Moderately effective explanations
Ineffective explanations

Appropriateness to Student Level Appropriate
Not appropriate

A total of 120 questions from the science sections of the HSTS exams
administered between 2018 and 2023 were identified and categorized. The
questions were presented to the AI model using different methods depending
on the type of question. Screenshots of the visuals, graphs, and tables included
in the questions were taken and uploaded to the ChatGPT-4. The textual
parts of the questions were transcribed verbatim and submitted to the model
along with the visuals. For each question, prompts appropriate to its content
were prepared, and ChatGPT-4 was asked to solve them. The prompts were
designed in a way that students might naturally write them. Sample prompts
are provided in Table 5.

Table 5. Sample Prompts Written to the ChatGPT

Sample Prompts Written to the ChatGPT
The diagram in the question shows identical and fraternal twins. Accordingly, what is the
correct answer to the question?

The image includes a crossbreeding experiment consisting of two stages. Can you solve the
question based on this?

The first image shows the experimental materials mentioned in the question. The second
image presents the answer choices consisting of experimental setups made from these
materials. Accordingly, which option is correct?

Can you solve the question for me by explaining all the answer choices?

What is the correct answer to the question?

Findings

Each HSTS exam contains 20 questions in the field of science. Some of
these questions include visual content (tables, graphs, and figures), while
others are text-based questions only. The distribution of questions containing
visual content (tables, graphs, and figures) and text-based questions only, by
year, is shown in Figure 1.
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HSTS Science Questions
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Figure 1. Distribution of visual and text-based questions by year

Between 2018 and 2023, 67% of the total 120 HSTS science questions,
or 88 questions, were visual-based, while 33%, or 32 questions, were text-
based. Visual-based questions consistently outweighed text-based questions
in all years. In 2018, there were 18 questions with visual content, while there
were only 2 text-based questions. In 2019 and 2020, there were 15 questions
with visual content and 5 text-based questions. In 2021, the number of visual
questions dropped to 11, while text-based questions rose to 9, almost evenly
distributed. In 2022, visual questions were recorded as 14 and text-based
questions as 6. In 2023, visual questions were 15 and text-based questions
were 5.

These data indicate that visual questions are generally dominant, while
text-based questions remain fewer but at a relatively stable rate. It is understood
that in the 2021 exam, the number of both question types became almost
equal and a change was made in the exam design. Apart from this exception,
visually based questions are predominantly preferred in the national exam.

ChatGPT’s Effectiveness in Visual Based Questions

Figure 2 shows the distribution of correct, incorrect, and unanswered
responses provided by ChatGPT over the years to science questions that only
included visual content (tables, graphs, and diagrams).
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Figure 2. Distribution of correct and incorrect answers to visual based questions by
year

In 2018, out of a total of 18 questions with visual content, 10 correct
answers, 6 incorrect answers, and 2 unanswered questions were recorded. In
2019, correct answers increased to 12, incorrect answers decreased to 3, and
there were no unanswered questions. In 2020, correct answers reached their
highest level at 13, incorrect answers were 2, and there were no unanswered
questions. In 2021, correct answers dropped to 9, incorrect answers were
recorded as 6, and there were no unanswered questions. In 2022, correct
answers rose to 11, incorrect answers were 4, and unanswered questions were
1.In 2023, correct answers were 10, incorrect answers were 4, and unanswered
questions were 1. ChatGPT answered 61 out of 88 visually based questions
correctly, provided incorrect answers to 23, and left only 4 unanswered.
These results indicate an accuracy rate of 69%, an error rate of 26%, and an
unanswered rate of 5% for visually based questions.
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Laylarsnin gergeklen ds 8-
daki hangisi
goeulmes

@ ChatgPT

U Something went wiong. If this issue persists please contact us through our help
centar at help.openai com
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Figure 3. Question 2 for 2018 and ChatGPT’s answer

In the question in Figure 3, it is asked which of the cell division stages
observed during events such as wound healing and embryo development in
an animal will not be seen. The expected answer is to select the correct mitosis
stage and eliminate the incorrect image. However, ChatGPT made a mistake
in this visual-based question. To determine whether this was a one time error
or a recurring issue, a new conversation was initiated and the question was
asked again, resulting in the same error message.
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Figure 4. Question 6 for 2018 and ChatGPT's answer
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Figure 4 shows a question asked in 2018 where ChatGPT was expected
to solve the problem using both its graph reading and visual processing
capabilities. This question presented two different experiment visuals and
their results in graph form. The ability to correctly read these graphs and
draw meaningful conclusions was used to evaluate ChatGPT’s performance.
ChatGPT understood the situations in the images and correctly interpreted
the given graph, accurately evaluating the independent, dependent, and
constant variables in the science experiments. Accordingly, it identified the
correct answer and provided an explanation.

3 i vertan mas = g -
e i ChatGPT 4
© chacer
ilen garueller, fotosentazin yapay igits gercekiugi i
@ u-uf‘-- araghir mak isteyen bir Sgeanci g ve
bt o Falzemater glstermektedie,
‘i)
a
7% f 4 Deney matzemeler gunkan igerin;
«l. ]
e ion hes i _‘;'_-_-;-_ * lgik ve hava gegirmez kutu
S e o * Hava gegirmez geffaf kutu
[ ap—— anena 3 * KOH ghzeltisi (Karbon dioksit tutucudur)
iorehteks shapen mudian dedepimas ghiambyes. * Bayaz ik varen ol feneri
B ofrvicinin wayihma amacina. uygun olaiah hasirladuls deney duseneds 41 puihberien i
S egrmal huder, y Lo
- * Ortamdak 02 miktane Sien cihaz

Ogrencinin aragtirma amacina yinelik tek bir deney dizenegi hazirlayarak

i aksijan miktan degigimi - Dansy

diimenekberi gunlardi:

A} lgik geginmez kutu igerisinde K bitkisi, bayaz gk veren ol feneri ve 02
mmiktanu Sigen cihaz bubunmaktade

B Ik gegirmez Bitkisd, KOH gézatiai ve 02

cinaz Dulunmaktads

€) Setfat kutu igerisinde K bitkisi ve 02 miktann digen cihaz bulunmaktadir,
D) Setfaf butu igerisinde K bitkisi, beyaz 1gik veren el feneri, KOH gozeltisi ve
02 miktanne Slgen cihaz bulunmaktadic.

Eger dgrenci giines g alan bir ortamda deney yapacaksa, geffaf kituyu
loullanarak gineg iggimin bitkiye ulapmasn saglamass parekecektin. Ancak,
yagay ipikta igini
isthyorsa, glne g ciganda tutacak i gecinmex bir kutu ve yapay 15k
feaynag) olarak beyaz ik veren el fenerini kulanmas: gerekir Aynca,

t i tomek igin O2 Bigen

c &

Bau bilgiler gguinda, dogru dizenek KOH 6 g
b, Beyaz igik varan ol faneri v 4 miltarn Slgen cihan iermalidie. Bu
durumada, & A gk gil KOH gizettisi,

@ Mressag

PT can maks mistulsns, Consiter checking imocrent information

Figure 5. Question 3 for 2019 and ChatGPT’s answer

In this question, images of the experiment materials are provided,
and the properties of the materials are detailed in the text. Additionally it
is requested that the experiment setup be designed appropriately for its
purpose using these materials. As seen in the answer in Figure 5, ChatGPT
successfully answered the complex visual question. It successfully analyzed
the experiment materials and correctly identified which materials were used
to prepare the experimental setups in the options. Furthermore it correctly
identified the correct option by explaining why materials appropriate for the
purpose of the experiment should be used.
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1. Bir tgretmen, direncilerinden A B ©, * sekil- - ChatGRT 4
lerini kullanarak DNA modeh olusturmalanm
istryor

®

@ ChaaPT
Bu resimde, dért farkh DA model ghsteriliyor ve her bir model,

, e, yuvariaic, yldiz)

shuguyor. DNA'IA gt sarmal yapisin ve Baz sjlesme kurallarin gaz Snande

bulundurarak, dofru modell segmemiz gerekiyor. DMA'da adenin (A) her

Buna gore sgrencilerin olugturdugu agagi-
daki DNA modellerinden hangisi dogrudur?

(Zincirler Gzerindeki sekiller nikleotitleri gos- zaman timin (T} fle e5lesir ve guanin (G) her zaman sitozin (C) e eplesir
termektedir.)
Moded A, B, Cwe D segenekierinds, sglegmelor kargiikh clarak gelidyor ve
et giftin simetik ol dulung gile iyeruz. Bu nd i
A) —A———— usraling Qe dofru madslin eskegen sekillerie bir alzen olugturmas ve
A O %k u Kargiikis gakillarin her sarmalda futarh oimas: gerakmaktadic
mx O A .
—_— Bununla birlikie, DNA'min ¢ift sarmal yapisin olugturmak igin sadece
seicllerin ezlesmesine dedil aym zamands sarmalar srasendaki uzakiislann
8 tuitarl ol gurakir, ¢hnki DNATN har donlsinds syns sayida mikisotit
B) ——————t— Bukunur. Bu detaylara gare, dogru modeli belifemenmiz gerskmekte. Bu
" m A = bilgikeri dikkate alarak segenekleri degerkendirelim:
O * % ) = Model A'ds, her sarmal boyunca eglegen yekiiler yob, bu nedenie bu
moedel doQru clamaz.
* Mlodel B tim sirakada karghich gelen gekiller var ve ber iki sarmal
c) —+—+—+——+— Beyursea dizenii bir aralik gazlemnieniyor. Bu, DMAmA tutarh genigiik ve
A O % L eqlegme Saeliklerine wygun
O * . * Model Cde, Gstiekd ve afttak siralar birbirini tutan bir geldlde takip
-ttt sirmiyor, yani bu model de dogru olamaz

* Modsl Dide, st sira ve At sira srasindaki sgiegme dizenli degil bu
nedenle bu model de dofru slamaz.

A o * . Buna gére. sadece Model B. DNA'TA gift sarmal yapising ve baz eglegme
* m O A basrallarip dedeu i gekilde bemeil ediyar gitd géelindyer Yani, Sdrencilesden
D e S R istenen DNA modeli, secenakier iginds Model B olacaktir

Figure 6. Question 1 for 2018 and ChatGPT’s answer

As seen in the question and answer in Figure 6, ChatGPT was unable to
successfully analyze the image. Upon examining the explanation, it is evident
that the analysis performed by ChatGPT contains errors in the visually
provided options.

When examining the answers given to visual-based questions, it was
found that ChatGPT is generally successful in image processing. However,
errors were observed, albeit at a low rate. Although the explanations provided
to the questions are accurate and detailed, there are also instances where the
answers are incorrect. This indicates that ChatGPT has a limited ability to
effectively correlate the explanations it provides with the answers it ultimately
delivers.

ChatGPT’s Effectiveness in Text Based Questions

Figure 7 shows the distribution of ChatGPT’s correct and incorrect
answers to text based questions, as well as unanswered questions, between
2018 and 2023. In 2018, it answered all 2 text based questions correctly, while
in 2019, it answered 4 out of 5 questions correctly and 1 incorrectly. In 2020,
it answered all 5 questions correctly. In 2021, it answered 8 out of 9 questions
correctly and 1 incorrectly, while in 2022, it answered all 6 questions correctly.
In 2023, it was observed that it answered all 5 questions correctly. Out of a
total of 32 text-based questions, it answered 30 correctly and 2 incorrectly,
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leaving no questions unanswered. ChatGPT achieved a 94% accuracy rate on
text-based questions, made a 6% error rate, and left no questions unanswered.

Text Questions

2018 2019 2020 2021 2022 2023

S = N W b L N3 0 O

m Correct mIncorrect ™ Unanswered

Figure 7. Distribution of correct and incorrect answers to text based questions by year

In Figure 8, ChatGPT was asked a text based question about how a
heated substance changes depending on its type, mass, and temperature.
The aim was to analyze this question and determine the correct option,
evaluating its ability to interpret text based data and how it processes scientific
concepts based on such data. In the answer to the question, it was observed
that it correctly explained what was required for the desired experiment
and successfully expressed the independent and constant variables in the
experiment. However, when evaluating the options, it was found that it was
unable to effectively relate the initial explanations to the options.
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19. Saf bir maddenin sicaklik degisimi ile madde
miktar arasindaki iliskinin arastinldidi bir
deneyde; dzdes cam kaplara farkl miktarlar-
da, baglangic sicakliklan et olan saf su ve
saf etil alkol konuluyor. Su bulunan cam kap
5 dakika, efil alkol bulunan cam kap ise
10 dakika 0zdes isiticilarta isitiliyor. Isi
aligverigi sadece sivilar ve 1siticilar arasinda
gerceklesiyor.

Deneyin bu sekliyle aragtirmanin amacina
uygun olmadigi bilindigine gdre deney-
de sicaklik degisimi ve madde miktari
arasindaki iligkinin dogru belirlenebilmesi
i¢in agadidaki iglemlerden hangisi yapil-
malidir?

@ chatart

Denayin amacs, saf bir maddenin sicaklik degigimi ile madde miktan
arasindaki llighiyl araghirmakss, degigkenlarden yalnizea bir degigtinkml ve
dierter] sabit tutulmahdir, Yani, madde miktannin sicakik degigimine olan
atkising incalamak kpin, har safarings sadece madds miktarir dedigting
diger kogullan (sitma sres), baglangig sicaki, isics Gl Vi) sabit
tutmalryiz

Bu denayde su ve il alkal gibs (ki 1arkli masds kullandyor ve hes Bir masde
farkdh slrelarde sshiryor, Bu durm, denyl farkh degigkenierin etikisini
Blgmaik igin uygun hale getinmez olnkl hem madde ham de istma sires|
defigiyor.

Segenakier| degeriendirelim;

A) Bl alkod bulunan kap & dakika sireyle isibhp diger degigkenler aym
barasalmali, (Bu durum, hav (ki srvinin da sy sire istimasn saglar, béylece
st slresd cegigkenind sabit tutana. ancak hala Ikl farkh madde kullanddig)
igin bu degru bir dlzeltme degildie)

A) Etil alkol bulunan kap 5 dakika sureyle
1sitilip diger dedigkenler aymi birakilmal,

B) Su ve efil alkolon baglangig sicakhiklan
farkli héle getirilip diger degiskenler ayni
birakiimali.

C) Cam kaplara sadece farkli miktarlarda
etil alkol konulup kaplann isitiima sdrelen
egitlenmeli.

D) Deney kaplanna sadece su konulup diger
degiskenler aym birakilmali_

B Su ve etil alkokin baglangig sicakiikian farkh hile getirilip diger
degiskenler ayni birakilmal. {Bu, deneyin amacina uygun degil gdnki
baglangig secakliklarsn defigtirmek bagka bir degigkeni daha deneye ekler)

) Cam kaplara sadece farkh mikdardarda etil alkel kenulup kaplarn itima
sreleri egitienmel. [Bu, ayn maddeyl kullanarak madde miktanmnm sicakiik
degigimi (zerindeki etkisini incelernek igin daha uygun bir yéntem olur,
ancak sivi olarak sadece etil allool kullarilir.)

D) Deney kaplanna sadece su konulup dijer dediskenier ayni birakilmali.
(Bu segenel, dereyin saf bir maddenin miktannen sicakk dedigimi
Uzerimdek stiisin incelsmek kHin en uygunudur gOmkl sadecs bir thr madde
lultarilir ve diger degipkenier sabit tutulur)

Dogru deney tasarima igin, madde miktanmn etkisini Slomek istiyorsak, ayn
rraddeyi kullanmal ve diger bim kosullan (shma sdresi, baglangie sicakigl,
izitic glel vh) sabit tutmalinz. Bu nedenle dodru cevap "D segenefidir
oo

Figure 8. Question 19 for 2019 and ChatGPT’s answer

When examining the answers provided to all text based questions,
ChatGPT was found to be generally successful. However errors were
observed, albeit at a very low rate. Although the explanations it provided to
questions were accurate and detailed, in some cases, its answers were found
to be incorrect. This indicates that it may encounter limitations under certain
scenarios and conditions and may not produce completely accurate results in
every situation. While demonstrating that ChatGPT’s information processing
and integration capabilities may encounter limitations, it also shows that
its ability to effectively relate the explanations it provides to the answers it
ultimately delivers is limited.

ChatGPT’s Effectiveness in Questions

The question asks about the applications of electrostatic charge in
technology and how the repulsive and attractive forces between electric
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charges function, presented in a text based format (Figure 9). When examining
ChatGPT’s response, while the conceptual information is generally correct,
there are some instances where this knowledge falls short in practical
application. In this question, it explains that if the paint is negatively charged,
it will distribute evenly due to the attraction of opposite charges. However,
in reality, negatively charged paint particles repel each other, resulting in a
homogeneous distribution. This situation reveals that although ChatGPT has
in-depth knowledge on certain topics, there may be limitations in its ability to
use this knowledge correctly and effectively within a given context.

9. Geng bir girisimei olan Ali, beyaz esyalann

@ chawapT
metal yiizeylerini boyama isine giriyor. Odren- -

I Alrnin negatif yuk) tal yuzey yukil boya

diklerini uygulamak isteyen Ali ilk denemede
negatif (—) yukle yukledigi beyaz egyanin
metal ylizeyine ndtr boya tanecikleri piskart-
tigunde boyanin bu metalin ylizeyine dizgin
dagimadigini, bazi bolgelerde koyu ve agik
renklerin olugtugunu gdriyor.

Bu sorunu gozmek igin Ali ikinci denemede,
birinci denemedekiyle 6zdes olan metal bir yii-
zeyi yine negatif (—) yikle yikleyerek metalin

taneciklerini puskirttigande boyanin dizgan bir yeklide dagicigini
ghzlembarnesi, elektrootatik ilelere gbre 2 yUkIG cisimberin birbirini
gekmesi prensibiyle sgikianabilin AN min i1k densmede kullandigi nitr boya
tanecikieri yiksiz oldugu igin negatif ylkil metal yleeye dizgin bir gekide
yapigamarmigtir, Ancak (kinci denemede pozitif yukid boya tanecikleri,
magatif yukid metal yizeye elektrestati gekimie yapepmig vo biylecs
AUzgn bir cagilim saglamigter,

Bu nedenks dagru cevap:

B) Zet yUiklQ cigimlerin birbirin cekmasidir.
oo

yiizeyine bu kez pozitif (+) yikli boya tanecik-
lerini plskarttigonde boyanin yizeye dizgin
dadgildigini gériyor.

Buna gore ikinci denemede beyaz esyanin
metal ylzeyine boyanin dizgin dagimasinin
sebebi asagidakilerden hangisi ile agiklanir?

A) Notr cisimlerin yakla cisimler tarafindan
cekilmesi

B) Z1t yikli cisimlerin birbirini cekmesi

C) Aymi yikla cisimlerin birbirini itmesi

D) Natr bir cismin baska bir notr cisim tarafin-
dan etkilenmemesi

Figure 9. Question 9 for 2019 and ChatGPT'’s answer

Appropriateness of ChatGPT Responses for Student Grade Levels

In this study, while examining ChatGPT’s question solutions, the
suitability of its answers for the student level was also taken into consideration.

In the question regarding the concept of pressure shown in Figure 10, the
variables affecting solid pressure are presented both visually and in text form.
ChatGPT was evaluated to determine whether it could provide a middle school
level appropriate answer to this question. Upon examining the solution to the
question, it was determined that the information provided by ChatGPT was not
appropriate for middle school level. This is because the current middle school
science curriculum states that mathematical connections are not covered in
pressure topics. However, the answer uses mathematical expressions, making
it unsuitable for the student’s level. Despite this, ChatGPT provides accurate
information in its analysis of the options.
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11. Bir odada bulunan sekildeki ranzanin ayakla- @ chagPr
n, Gzerinde bulundugu hali zeminde derin bir Ranza hai zeminde braktig izin derinligi, ranza laciig
iz birakmigtir. basmgla ilgifidi. Basng, bir kuwvetin birim alana uygulandsg zaman ortaya

gikar ve formila P = i[ geklindedir, burada P basincy, F kuvveti ve A alan
temsil eder. EGer kuvvet aymi kalirken alan azalrsa, basing artar ve hakida
daha darin bir iz birakir. EGer kuvvet artar v alan ayni Kalirss, o Zaman da
basing artar,

Segenekleri degeriendireim:

A} Eger ranzanin ayaklannin altma, ayaklann genigliginden daha fazla olan
kirtahta parcas: koyulursa, uygulsnan kuveet aym kalirken alan artar. Bu
duremda, basng azalir ve hal Dzerindekl izin derinligl azabe.

[B) Ranzanin ikine katinda bulunan yatak daha agir olam ile degigtirilirse,
Buna gore asa@ida verilenlerden hangisi wygulanan kuvvet artar, Alan degigmedigine gars, basing artar ve halidaki iz
yapilirsa ranza ayaklannin hal zeminde daha derin olur.

biraktign izin derinligi artar?
€) Eger ranzanan birinci katindaki yatak gikankrsa, uygulanan toplam kuvvet

azalr. Bu durumda basing azahr ve hal Gzerindeki izin derinligl azair.

A) Ranzanin birinci katindaki ayaklannin alti-

na geﬂiﬁngi.. ayaklann geniglijinden daha ) Ranzann ikingd kal alinip bagka bir yere koyulursa, ranzanin toplam
fazla olan bir tahta parcasi koyulursa agirk azalir, bu da hal
B) Ranzann ikinci katinda bulunan yatak Bu durumida izin derinligl azalie
daha adir olan ile degigtirilirse
C) Ranzanin birinci katinda bulunan yatak Bulilgiiers glre, ranza rkainduriniginl
bulundugu yerden ;Ikanhrs_a Ariracak olan segensk iKinc katta bulunan yatagin daha agir olamn ile
D) Ranzanin ikinci kati alinip bagka bir yere Soigticiimes! durumudur, yani dogru covap 8 segenagicic
koyulursa oe

Figure 10. Question 11 for 2020 and ChatGPT’s answer

Comparison of HSTS Science Tiirkiye Average with ChatGPT
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0 2018 2019 2020 2021 2022 2023
m ChatGPT 10 14,66 17,33 12 13,66 13,66
m Turkiye Average 9,92 9,97 10,21 8,04 9,50 9,01

Figure 11. ChatGPT and Tiirkiye average net scores by year

The comparison of ChatGPT’s scores and Tiirkiye’s average net scores in
HSTS science questions over the years is presented in Figure 11. In the study
conducted on the solutions to HSTS science questions, ChatGPT’s net scores
over the years were compared with the averages across Tiirkiye. In 2018,
ChatGPT’s net score was 10, while the Tiirkiye average was 9.92, and these
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values were found to be close to each other. In 2019, ChatGPT’s net score rose
to 14.66, while the Tiirkiye average was 9.97. In 2020, the chatbot achieved
its highest net score of 17.33, while the Tirkiye average was 10.21. In 2021,
a significant drop was observed in the Tirkiye average, and ChatGPT’s net
score remained at 12. In 2022, ChatGPT’s net score rose to 13.66, while the
Tiirkiye average was 9.5 net. In 2023, ChatGPT maintained its 2022 net score
of 13.66, while the Tiirkiye average was 9.01 net, below the previous year’s
level. According to this data, ChatGPT’s performance has consistently been
above the Tiirkiye average and has shown overall stability. It has demonstrated
particularly strong performance in 2020 and 2023.

Conclusion

The findings related to the first research question “What is the accuracy
rate of the answers provided by ChatGPT-4 to HSTS science exam questions,
andin which types of questions do incorrect responses most commonly occur?”
indicate that the ChatGPT performed successfully, achieving an accuracy
rate of 94% on text based questions and 69% on visually based questions. Al
technologies also play a significant role in higher education by identifying
students’ strengths and weaknesses and providing automated feedback (Tas¢1
& Celebi, 2020). However, these findings suggest that AI performs better on
certain types of questions. While the high accuracy in text based questions
reflects its advanced language processing capabilities, the lower performance
in visually based questions points to a need for improvement in visual
information processing and interpretation. Considering the importance of
visual learning in science education, this highlights the necessity of further
developing Al applications in educational contexts.

The findings for the second research question “To what extent is
ChatGPT-4 capable of understanding HSTS science question texts and
extracting the necessary information?” demonstrate that the ChatGPT is
highly successful in understanding, organizing, and interpreting textual
information. For instance, it can accurately distinguish between physical
and chemical changes described in texts and effectively identify variables in
experimental contexts. These results emphasize the strength of AI's language
processing and analytical capabilities and its potential applications in
education. With an error rate of only 6% in text based questions, AI shows a
high level of accuracy and reliability (Kurtbogan, 2023). This success points
to considerable potential for Al in educational technologies. When HSTS
science results are examined through the lens of didactic transposition
theory, the need for a better understanding of instructional strategies and
student needs becomes evident (Taskiran & Ergun, 2024). AI's advanced
language processing capacity may provide a significant advantage by offering
personalized learning materials and supporting individual learning processes,
particularly in crowded classrooms, where it can reduce teachers’ workload
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and enable more individualized feedback (Tagkiran & Ergun, 2023).

The results addressing the third research question “How successful
is ChatGPT-4 in processing and interpreting visual elements included in
HSTS science questions?” show that the ChatGPT’s performance in visual
processing and interpretation is not as strong as its text processing abilities.
The error rate for visually based questions was found to be 26%, with an
additional 5% of questions left unanswered. Overall, 31% of the responses to
visually based questions were either incorrect or missing, indicating that AI
encounters notable difficulties with visual content. For example, in complex
experimental questions, the ChatGPT can more successfully interpret
visuals involving detailed experimental setups; however, it may struggle with
questions containing limited visual detail, such as partial representations of
the periodic table. This suggests that the ChatGPT’s ability to differentiate and
interpret improves as the richness of visual detail increases. Enhancing and
diversifying visual datasets could improve Al performance in this area. Given
the importance of visual information in education, improvements in this
domain could significantly enhance AI’s overall educational effectiveness.

The findings for the fourth research question “How effective and detailed
are the explanations provided by ChatGPT-4 for its answers to HSTS science
questions?” reveal that the ChatGPT performs quite successfully in this
regard. The results show that the ChatGPT typically begins by analyzing
the question, explaining what is being asked, and presenting the necessary
conceptual knowledge along with relevant definitions. For example, in a
question about a DNA model, it explains which nucleotide base pairs with
adenine and then evaluates the options to determine the correct answer.
This demonstrates the AT’s ability to provide clear and detailed explanations.
The findings highlight ChatGPT’s potential in education, particularly in
enhancing students’ conceptual understanding. Rather than simply providing
correct answers, Al explains the reasoning behind them, promoting deeper
learning and supporting the development of students’ analytical thinking
skills. This feature can help students better understand complex concepts and
increase their confidence.

The findings related to the fifth research question “To what degree
are ChatGPT-4’s responses to HSTS science questions appropriate for the
students’ grade level?” indicate that the AI generally provides responses
appropriate to students’ levels. However, in some cases, ChatGPT does not
fully take students” learning levels into account. This issue is particularly
evident in physics related questions. For instance, although the 8th-grade
science curriculum does not require establishing mathematical relationships
for concepts such as the relationship between pressure and surface area, the
AT was observed to provide mathematically based explanations in such cases.
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These findings suggest that ChatGPT may sometimes challenge students’
conceptual understanding and that greater attention should be given to
aligning responses with students’ levels. For AI to be effective in education,
it is crucial that its responses match students’ age and knowledge levels. This
alignment supports students in benefiting fully from AI and enhances the
efficiency of their learning processes.

Overall, the findings indicate that ChatGPT-4 performs successfully in
answering HSTS science questions. Its high accuracy in text based questions
demonstrates its effectiveness and consistency. This success suggests that Al
can play an important role in education by assessing students’ knowledge,
identifying learning gaps, and providing automated feedback. However, the
lower performance in visually based questions and occasional mismatches
with student level highlight areas that require further improvement.

Recommendations

Based on the findings of the study, the following recommendations are
proposed:

Further studies can be conducted using exams at different grade levels to
examine the effects of ChatGPT-4 on science education in greater detail.

The performance of other large language models can be evaluated on
science exam questions.

The problem solving approaches of science teachers in national exams
can be compared with those of artificial intelligence models.
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All research methodologies have a dark side; a section of the empiric
world that is systematically missed by the methodology’s design. The survey
instrument misses what respondents cannot, or will not, express verbally.
Ethnographic studies miss what is not visible at the field site. Experimental
studies miss the long term, diffused and structurally embedded effects that
cannot be isolated even under the most carefully controlled conditions. The
bibliography of all methodological approaches is, in fact, largely a bibliography
of acknowledged shadows — acknowledging what the instrument reveals and
what it obscures.

Comparative Education Research, as a field, is still developing its
methodological traditions. One of those emerging traditions is the use
of bibliometric analyses of academic dissertations. The potential of this
approach is substantial: the systematic, replicable and large scale mapping of
what doctoral students study, within which discipline, using what theoretical
language and over time. However, the shadow cast by this approach has
been subject to limited analysis. Those studies using bibliometric approaches
generally focus their methodological discussion on issues related to the
selection of sources of data, the removal of errors and the use of analytical
software. These discussions treat the method itself as being technically difficult
but epistemologically uncomplicated. The purpose of this Chapter is to argue
that this treatment of the method is insufficient and that the epistemological
implications of conducting cross national bibliometric analyses of doctoral
research require separate consideration.

The arguments presented are based on a specific case: a comparative
bibliometric analysis of 645 doctoral dissertations completed in Turkey
and Germany between 2019 and 2024, where each dissertation was
analyzed across five dimensions: the location of the dissertation in terms
of disciplinary focus, the clustering of thematic content, the theoretical
and methodological orientations of the dissertation, the temporal trends
in the dissertation, and the co occurrence of policy vocabulary with other
content areas (Basaran, 2025). Although this study was conducted with
high levels of methodological transparency, including the acknowledgment
of its dependence on title-keywords-abstracts indicators rather than full
texts, this transparency provides a useful point of reflection on what,
precisely, the method mapped and what it was structurally unable to map.
This chapter is not intended to criticize the study in question but to provide a
reflective surface; a worked example, from which six fundamental structural
tensions inherent in the use of cross-national bibliometric research can be
identified, named, and addressed.
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Bibliometrics in Comparative Education: The Documentary Turn and
Its Discontents

In dealing with the “levels of analysis” issue ; the methodological difficulty
of comparing phenomena which are located in, and are formed by, qualitatively
different national, cultural, and institutional contexts ; comparative education
has grappled for years with the problem described by Bray and Thomas (1995).
Although the classic debate of the field ; concerning whether there exist
generalizable laws that can be developed from systematic comparative data
versus the view that each nation’s educational system is uniquely particular
and therefore cannot be compared ; has not been settled in terms of theory,
the question of how to deal with the problem has been institutionally solved
through an increase in the number of mixed-method and multi-level methods
(Bray et al., 2014).

Documentary turns in educational research have also provided access
to large scale comparisons of the same quality as traditional surveys and
ethnographies. Documentary turns involve the systematic analysis of texts
(policy documents, curriculum documents, textbooks, etc.) as data instead
of as only context(Sarkiler, 2025a, 2025b). This has enabled a type of large-
scale comparison that does not require the expensive, time-consuming data
collection process associated with both surveys and ethnographies. The
increased accessibility of bibliometric analysis to educational researchers
lacking formal training in informetrics has been duelargely to the development
of Aria and Cuccurullo (2017) R-package bibliometrix and the spread of
VOSviewer as a tool for co-citation and keyword network mapping.

In addition to the many studies examining what scholars study and cite,
educational bibliometric studies have produced a relatively sparse literature
regarding what these studies cannot show. While educational bibliometric
studies follow a recognizable format of describing the source of their data,
reporting keyword frequencies, discipline distributions, and co-citation
networks, identifying growing areas of interest and waning areas of concern,
and using bibliometric results to suggest gaps in research or areas where
policymakers should focus their efforts, the assumptions underlying the
methodology (i.e. what form of knowledge do the maps represent; what types
of scholarly activities do the maps miss; how does national context influence
the relationship between the map and the territory?) are rarely addressed
directly within the studies themselves.

Indicator-Level Epistemology: What Bibliometrics Actually Measures

The term “indicator-level epistemology” is used to describe a particular
epistemological condition of the researcher, i.e. the condition of accessing a
complex, multi-dimensional phenomenon (the topic of a doctoral dissertation,
the scope of a research field, a national academic culture) through a structured
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set of indicators (titles, keywords, abstracts, classification codes) that were
originally developed to be an administrative and retrieval tool for library
systems rather than a research instrument. The condition described above
differs structurally from the limited access to subjective meaning provided
by a survey instrument (in this case, the questionnaire designer determines
what will be asked), or the selective access to observable behavior available in
ethnographic field work (in this case, the researcher determines which events
to attend).

In bibliometric analysis, the instrument used to produce the data is not
the product of the researcher but rather the metadata structure of national
library systems, which were created for discovery, cataloging and archival
purposes rather than for systematic thematic analysis. This results in a very
important consequence: the data in a bibliometric study is based on the
information contained in the metadata record for each dissertation, not the
information actually contained in the dissertation itself. The metadata record
reflects several things including:

1. The conventions of the national library system that generated the
metadata record. (Example: the Deutsche Nationalbibliothek uses a Dewey
Decimal system to categorize subjects while YOK has its own unique
taxonomy.)

2. Keyword practices of individual doctoral students and their advisors.
3. Abstracting practices of different disciplines.

4. Institutional incentives to increase the visibility and retrievability of
research.

None of the above represents a neutral window into the intellectual
content of dissertations. Maps of metadata represent maps of metadata, not
maps of knowledge. The relationship between the two is not always consistent
or stable and is, therefore, usually invisible to readers and researchers unless
there is an explicit consideration of methodology.

While acknowledging the existence of indicator-level epistemology as an
appropriate theoretical context for understanding cross-national bibliometric
studies is not a rejection of the utility of such studies. Maps of metadata
can be useful because they show the patterns of labeling of scholarship, the
patterns of classification of institutions and the patterns of self-representation
by discipline. These patterns are social facts about academic fields and are
meaningful in and of themselves. However, the same cannot be said for
over-interpreting the results of such studies (i.e. mistaking the map for the
territory). Each of the six structural tensions discussed below represent an
example of the potential for over-interpretation.
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Structural Tension I: The Metadata Dependency Problem
The Gap Between Signal and Content

The most basic structural tension in indicator-level bibliometric research
is the gap between what a dissertation’s metadata indicates, and what
the dissertation really has. The title encodes the author’s ;and usually the
supervisor’s, interpretation of the most relevant to searchers, appropriate for
their discipline, and effectively rhetorical description of the work. Keywords
encode the author’s interpretation of the vocabulary that they believe will
best link the work with its desired audience. An abstract encodes a highly
condensed representation of a study’s goals, methods and results which can
be subject to institutional review restrictions when they were written under
strict word counts.

Each encoding includes systematic distortion. Titles usually do not
indicate theoretical frameworks: a dissertation titled “Family Dynamics and
Academic Achievement in Secondary Schools” could have been developed
using a variety of theoretical frameworks such as Bourdieu’s theory of cultural
capital, ecological systems theory, or a cognitive psychology model of parental
involvement ,the title does not make this distinction. Keywords usually are
less current in terms of the use of keywords within the discipline: researchers
who are trained in disciplines with well-established keyword usage (e.g.,
clinical psychology, economics) will develop more standardized keyword sets
compared to researchers from inter- or transdisciplinary areas or new areas
of study; therefore creating artificial cross-disciplinary differences. Abstracts,
especially in areas of research where abstracts are completed before the
dissertation has been finalized (as occurs in some German universities), may
not represent the author’s thesis argument at the time it was completed.

The German-Turkish Case

The data dependence issue revealed itself in multiple analytically
interesting manners in the comparative dissertation study upon which this
chapter is based. Dissertations were theoretically framed using title-keyword-
abstract scanning to determine their theoretical framework classifications ; for
example ecological/systems theory, feminist theory, sociocultural approach
etc.

As a result, there were large numbers of dissertations classified into an
unknown (‘bilinmiyor’) category within the Turkish corpus and relatively
few dissertations had explicit theoretical frameworks labelled in the German
corpus; both instances reflect the conventions in which these dissertations
were documented and submitted, rather than the actual nature of the
theoretical landscapes within which the respective bodies of research were
undertaken. In terms of the cultural influences on German academia, its
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historical development has produced a style in which theoretical frameworks
are almost always developed in the body of the theory chapter, and nearly
never explicitly referenced in the abstract or title. As a result, the theoretical
orientation of dissertations from German universities can only be inferred in
relation to what appears in the Theorieteil (Theory Chapter), and therefore
appear to be largely absent from analysis at the indicator level. This cultural
embeddedness of meaning is not confined to academic writing; it manifests
equally in literary production, as demonstrated in translation studies of
Turkish-German literary texts where cultural concepts resist direct linguistic
transfer across the two traditions (Arabacioglu, 2020).

Turkish doctoral culture has also been influenced by an increasing
number of standardized submission requirements established by YOK
regarding the format of thesis submissions, including structured abstracts with
separate methodology and theoretical framework sections. Therefore, while
dissertations from Turkish universities have greater visibility at the metadata
level, they may do so in a way that overstimates the diversity of methodologies
employed (e.g. when ‘mixed methods’ as a keyword describes studies
employing completely different actual combinations of methodologies), and
underestimates the theoretical sophistication of the research being reported
(i.e., since keyword based classifications do not enable an assessment of how
the theoretical framework was actually employed in the study).

Response Strategy: The Full-Text Validation Sub-Sample

Full-Text Validation Sub-Sample: A methodology used as a means to deal
with the issue of the Metadata Dependency Problem. A randomly selected sub-
sample of dissertations for which full-text access is available and an additional
level of investigation occurs. The results from this sub-sample are used to
calibrate the interpretation of the indicators at the level of the indicator. In
the German-Turkish comparative study, a sub-sample of 20 dissertations (10
from each country) were analyzed using full-text content. The sub-sample of
20 dissertation validated calibration data: providing evidence that the thematic
clusters established through metadata corresponded, at least in terms of direction,
to actual dissertation content; however, it also identified areas (e.g., theoretical
framework and methods) where metadata did not fully represent the content.

However, 20 dissertations from 645 (approximately 3.1%) provide a very
small sample for validating. Cross-national bibliometric studies should strive
for validation sub-samples of at least 10-15% of all dissertations within the
sample to insure that calibration captures variability among the dimensions
most important to the study’s conclusions. The results of the validation
analysis should also be reported separately and in sufficient detail so that
readers can judge the size of the difference between the signal indicated at the
indicator-level and the content of the full-text.
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Structural Tension II: The Taxonomy Translation Problem
Incommensurable Classification Systems

Cross-national bibliometrics needs to translate different national
classifications to use for cross-national comparisons. At first glance, this
translation issue seems simple; however, national libraries and research
classification systems represent different academic disciplines, institutional
history, and theories of how to organize knowledge. Therefore, there can be
no complete translation from one system to another, as each classification
represents a unique “cut” or perspective through the intellectual landscape.
The Deutsche Nationalbibliothek uses a Dewey Decimal Classification
(DDC)-based subject coding system. The DDC was developed based upon
an Anglo-American intellectual tradition from the 19th century. Therefore,
the DDC assumes certain boundaries between academic disciplines and their
respective weights are embedded in the system in ways that are not directly
comparable with the academic tradition of Germany. The well-known
360 Cluster (Social Problems, Social Services, Insurance) in the DDC is an
example of this. The Cluster combines three major academic fields: social
work, social policy, family welfare and insurance studies, with criminology.
There is no corresponding Fachergruppe in the German University System
that corresponds to these five fields. In contrast, the YOK system classifies
dissertations by the Anabilim Dal1 (Major Academic Department) in which
they were produced. Thus, the YOK system creates a classification that is
based on the organizational structure of the institutions involved, and is thus
dependent on the departmental structure of the institution producing the
dissertation, rather than the actual subject matter of the dissertation.

Standardisation and Its Costs

The German-Turkish Study solved the Taxonomy Translation Problem via
a Standardization Procedure: by mapping each system to a common discipline
(sociology, education, psychology, social services, law, economics, etc.) using
a Content-Matching Process administered by the Principal Investigator. The
Principal Investigator was familiar with both German and Turkish Academic
Cultures and Languages. This is a Methodologically Reasonable Approach
and has been the Method of Choice in Most Cross-National Bibliometric
Studies, however it involves Interpretative Choices that warrant Examination.
Consider how the German DDC 360 Cluster was treated in the Study’s
Reported Results. The 360 Cluster represented 13.3% of the German Corpus -
the Second Largest Disciplinary Grouping. It appeared as a Separate Category
in the Cross National Comparison Table, with a Footnote explaining it
was based on the DDC. The Transparent Treatment of this Discipline was
Commendable. However, the Interpreted Question Remains: Is the 360
Cluster a Discipline like Sociology (47.1%) or Psychology (0.7%), or is it merely
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an Administrative Artifact of the DNB Catalog System - a “Catch-All” which
Collectively Captures Heterogeneous Content that Individually Classified
Would be Distributed Across Family Therapy, Public Health, Social Work and
Social Policy?

If the 360 Cluster Contains Dissertations That Were Classed in Turkey
Under Social Services, Psychology, or Education, Then the Apparently Stark
Difference Between the Two Countries (German Sociology-Dominated;
Turkish Multi-Disciplinary Dispersed) May Be Partially an Artefact of
Classification System Architecture Rather Than a Genuine Difference in the
Intellectual Organization of Family Research.

Response Strategy: Double Coding and Sensitivity Analysis

The best solution to the taxonomic translation problem is using both
double coding and sensitivity analysis. Double coding means that each
dissertation’s placement into the categories of the cross-nationally shared
system will be reviewed for accuracy by two coders — preferably one from
each of the countries involved in the project, to bring different sets of
background assumptions about how to draw the boundaries of disciplines.
Sensitivity analysis means that the researcher tests his/her main conclusions
about the results of the study based on alternative plausible ways to categorize
the data. For example, if the researcher concludes that there is a high degree
of sociological concentration in Germany based on the use of the DDC 360
cluster as part of the sociology discipline, then he/she has demonstrated that
the conclusion is robust. If the researchers conclusions depend heavily on the
way they have chosen to categorize the DDC 360 cluster, then the conclusions
require a more cautious presentation.

It would greatly enhance the evidence-based value of comparative
bibliometric research if all cross-national bibliometric research reported on
sensitivity analyses for the taxonomy translations used. It would especially
be important for research that involves ambiguous taxonomies like DDC
360. Reporting on which conclusions are stable under alternative taxonomic
translation schemes, and which are sensitive to the researcher’s choices
regarding taxonomic translation would significantly add to the value of
comparative bibliometric research.

Structural Tension III: The Visibility Asymmetry Problem
Explicit vs. Embedded Knowledge

The problem of bibliometric analysis’s visibility asymmetry refers to how
indicator-level bibliometric analysis favors the explicit knowledge labelled
in metadata over tacit knowledge and embedded knowledge or terminology
variability in the doctoral dissertation. An example of this is when a
dissertation names its theoretical framework as “Bronfenbrenner’s ecological
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systems theory” in the abstract or keywords of the dissertation then it will
be captured in the analysis of theoretical framing. If the same dissertation
uses the same theoretical framework without naming it in the dissertation,
it will not appear in that analysis. Another example is that of a dissertation
with a central theme stated in the title as “migrant family integration” will
be captured in the analysis of migration themes; whereas, a dissertation that
examines migration dynamics in a chapter titled “Socioeconomic Contexts of
Family Education” without using the word “migration” in the dissertation’s
metadata will not be captured in that analysis.

This cross-national dimension of this visibility asymptote does not
randomly occur across different cultures. While the practices of making
knowledge explicit in bibliographic metadata vary substantially across
different cultural environments, the way that this expression variety interacts
with the way that the dissertations are presented on databases (i.e., through
keywords) does so in a non-random way. These two ways of expressing
expressed knowledge, i.e., culture and database presentation, have developed
in a way that creates a systematic disparity in the representation of German
doctoral dissertations in any indicator-level analysis that relies on these
two formats for analysis. The systematic disparity is created by the fact that
German doctoral dissertations generally employ a Humboldtian tradition of
theoretical depth which results in theoretical commitments being embedded
in the body of the dissertation rather than being flagged in metadata, resulting
in a systematic underrepresentation of German doctoral dissertations’
theoretical sophistication in such analysis. This pattern stands in contrast to
Turkish academic work in the field of German Studies (Germanistik), where
theoretical and conceptual frameworks are typically made explicit in abstracts
and keywords — as illustrated, for example, in studies on intercultural
sensitivity and cultural stereotypes in Turkish-German contexts (Arabacioglu
& Balkaya, 2023).

Disciplinary Visibility Gradients

The visibility asymmetry issue also has a second dimension, which is
how different disciplines are compared both within and across countries.
Disciplines that have a very strong quantitative tradition, like economics
and experimental psychology, can easily transfer their vocabulary (statistical
methodologies, measurement instruments, dependent and independent
variables), into abstract and keyword fields. This results in more standardized,
keyword-rich metadata being produced by these types of disciplines.
Disciplines with a strong interpretive tradition, like sociology of culture and
educational anthropology, will generate much more varied, and as such, less
comparable metadata. In the case of the German-Turkish comparison, this
disciplinary visibility gradient likely makes the “methodological diversity” of
Turkish dissertation studies appear greater than it actually is when compared
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to those of Germany. The larger proportion of quantitatively and qualitatively
described or labeled designs (i.e., quantitative, qualitative, and mixed-method
designations) in the Turkish data set does not necessarily indicate that the
Turkish dissertation studies demonstrate a greater variety of methods in
conducting their research. It merely indicates that they label their methods
more clearly ; due to the structural nature of the thesis submission process
required by YOK, and not necessarily due to the actual practices employed by
researchers using different methods.

Response Strategy: Language-Sensitive Thesaurus Expansion

The most effective solution to the visibility asymmetry issue is through
the application of a language-sensitive thesaurus, which is a comprehensive,
systematically prepared vocabulary list for a particular theoretical approach
or area of research. This list will not only provide the standard or canonical
label for a particular approach or area of research, but also include all of its
synonyms; near-synonyms; disciplinary variants; and language-specific
terminological alternatives. In developing a thesaurus for the German-Turkish
comparison, this means developing, for each major analytical category, not
only the English-language canonical term, but the German and Turkish
equivalents, near-equivalents, and typical disciplinary formulations.

For instance, a thesaurus entry for the “ecological systems theory” category
would contain not only “Bronfenbrenner” and “ecological systems,” but also
the German terms “Okologische Systemtheorie,” “sozial-okologischer Ansatz,”
“Mehrebenenperspektive,” and common partial indicators such as “Mikro-Meso-
Makroebene,” as well as Turkish equivalents “ekolojik sistemler kurami,” “cevresel
sistemler modeli,” and associated formulations. Utilizing such an expanded
thesaurus in a second pass analysis, and reporting on the proportional change
in classification rates produced by this analysis, provides a direct quantitative
measure of the size of the visibility asymmetry in any single study.

Structural Tension I'V: The Unit-of-Analysis Problem
The Dissertation as Dated Artifact

A bibliometric analysis of all doctoral dissertations is treated as individual
units of scholarly output ,as an entry into data for constructing frequency
tables, trend lines and tabulations. The need to treat each dissertation in such
a way is operational but is also a theoretical problem because a dissertation is
not merely a unit of scholarship. It is a document written during a particular
time frame in a scholar’s career; it is influenced by the supervision of the
scholar; it is required to meet certain institutional guidelines for both content
and structure and is often revised over a multiyear writing process where the
start and stop points of the writing process are not necessarily the same as the
date of graduation or completion.
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The date-of-completion code used in almost every dissertation database
captures not when a research project began but when it was administratively
finalized. This temporal difference between when research occurs and when a
dissertation is complete causes systematic error in the interpretation of trends
in dissertation research: a dissertation submitted in 2019 but completed in
2024 would be recorded as having been completed in 2024. However, the
research design, choice of theoretical framework and empirical focus for the
dissertation were likely developed in 2019-2020. For a study spanning 2019—
2024; a period which included the significant methodological disruption of
the COVID-19 pandemic and the rapid adoption of large language models in
academic research (Arabacioglu & Tungyiiz, 2025), this temporal difference
is not insignificant. This transformation is particularly visible in Turkish
foreign language education, where the integration of Web 2.0 tools, mobile
applications, and Al-based learning platforms has substantially altered both
pedagogical practice and curricular priorities within the timeframe covered
by this study (Yilmaz Giingor, 2025).

The Dissertation as Social Node

The second aspect of the Unit-Of-Analyis problem deals with how the
dissertation relates to other academic products. As a dissertation is typically
not an independent work, there are generally accompanying academic
works including conference presentation papers, working papers, and/or
published articles within a scholarly peer-reviewed journal. A new form of the
dissertation that is becoming prevalent in the Social Sciences in Germany is the
“cumulative dissertation” (kumulative Dissertation), or a thesis presented as
a compilation of previously or concurrently published peer-reviewed journal
articles. This is essentially eroding the distinction between the dissertation as
a document versus the dissertation as a collection of published articles each
with their own bibliometric life. This is relevant for comparative international
studies as in general the cumulative dissertation format is more commonly
used in Germany, while the monograph style dissertation is predominant in
Turkey. For example, a German dissertation that is submitted as a camulative
thesis, can be comprised of three to four different journal articles detailing the
dissertation’s theory, empirical study results, and methodology innovation(s).
Therefore, the dissertation’s title, abstract, and keywords that comprise the
dissertation’s metadata capture only the framework document, (kluijtige
Rahmenschrift), and not the content that is present in the articles.

Response Strategy: Dissertation-Publication Linkage

The way you respond to the unit-of-analysis issue with methodology is
to make an explicit structural decision on scope: when conducting cross-
national bibliometric studies of doctoral research, do you choose to trace
how dissertations continue into their publication afterlives; or do you choose
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to recognize and accept the dissertation document as your unit of analysis,
and acknowledge what this implies for your study? While each option has
some merit, the decision must be made explicitly and its implication(s)
acknowledged. A dissertation-publication linkage procedure ; linking the
journal articles that constitute a cumulative thesis ; could significantly reduce
the information loss mentioned above if cumulative thesis formats were
prevalent in one of the countries being studied (e.g., Germany). A dissertation-
publication linkage procedure can be implemented using DOI-based linking,
and matching authors’ names and dates. Implementing such a procedure will
likely require additional data infrastructure; however, it would increase the
comparable quality of German and Turkish dissertation data in any future
replication of this study.

Structural Tension V: The Policy-Proximity Problem
Co-occurrence Is Not Causation

One of the most analytically powerful; and methodologically hazardous,
procedures in the comparative dissertation study is the policy co-occurrence
analysis: examining how frequently dissertation metadata contains terms that
appear also in national educational policy documents. The finding that Turkish
dissertations on value transmission show significantly higher co-occurrence
with policy vocabulary than their German counterparts is interpreted as
evidence that Turkish doctoral research on the family is more closely aligned
with, and possibly more directly shaped by, national educational policy
imperatives.

This interpretation is plausible; but co-occurrence analysis cannot
establish it. The co-occurrence of a research theme and a policy term in the
same document’s metadata is consistent with at least four different causal
stories: (a) the research was directly prompted by, or designed to respond
to, the policy; (b) the research and the policy both respond independently
to the same underlying social phenomenon; (c) the researcher adopted the
policy’s vocabulary for strategic purposes (discoverability, funding eligibility,
institutional legitimacy) without the research itself being substantively policy-
driven; and (d) the co-occurrence reflects the shared vocabulary of a broader
public discourse in which both policy documents and doctoral research
participate, without any direct relationship between them.

The Vocabulary Contamination Risk

A second dimension of the policy-proximity problem is what might be
called vocabulary contamination: the risk that the policy vocabulary used to
construct the co-occurrence search terms is itself so pervasive in a particular
national discourse that it appears in dissertation metadata for reasons
entirely unrelated to the research’s substantive policy orientation. In Turkey,
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terms like ‘degerler egitimi’ (values education), ‘aile-okul isbirligi’ (family-
school partnership), and ‘maarif” appear extensively in doctoral dissertation
metadata not necessarily because the researchers were responding to specific
policies but because these terms have become part of the taken-for-granted
vocabulary of Turkish educational discourse ; what Bernstein (1975) would
call the ‘classification principles’ of the educational field itself.

Whenthepolicyco-occurrenceanalysisusesthesetermsasevidenceofpolicy
proximity, it risks systematically inflating the apparent policy-responsiveness of
Turkish research relative to German research, where the corresponding policy
terms (Wertevermittlung, Interkulturalitit, Inklusion) are less pervasively
present in dissertation metadata ; not because German doctoral research is
less policy-relevant but because German academic culture maintains a sharper
stylistic distinction between policy documents and scholarly discourse. This
structural distinction is consistent with analyses of Turkish foreign language
education more broadly, where curriculum-centric and examination-oriented
policies have been shown to shape not only pedagogical practice but also the
thematic priorities of educational research (Sarkiler, 2025c).

Response Strategy: Temporal Sequencing and Discursive Context
Analysis

The main way to respond to the issue of proximity to policies, is by using
time; instead of viewing policy terms appearing in both dissertation metadata
and policy documents at the same time as proof of the policy terms being used
in both places at the same time, researchers could analyze how quickly policy
terms start to show up in dissertation metadata once they have appeared in
policy documents.

If the dissertation topics related to the policy terms consistently follow
significant policy announcements (as opposed to preceding them or showing
up at the same time), then the “policies drive research” view becomes stronger.

If the dissertation topics are shown to have appeared at the same time, or
even before the policy announcement, then it would make sense to believe in
some type of common cause (i.e., a general idea or trend) or that there was a
shared level of discourse among the research community which led to the use
of policy terms in dissertations.

Temporal sequencing and discursive context analysis can take what
would otherwise be a correlation between two sets of data (co-occurrence) and
turn that into a relationship of a specific type (i.e. policy terms were used in
dissertation topics either because of, or independently of the policy). Together,
these two methods can turn the association between the two data sets into a
set of very definable claims about how policy terms were interpreted and/or
used in dissertations.
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Structural Tension VI: The Generalisability Problem
From Corpus to National Academic Culture

The biggest leap of faith taken by researchers using cross-national
bibliometrics is the jump from a set of dissertations to an inference about an
entire nation’s culture and/or paradigm(s) for research, or an entire nation’s
policy environment. A similar inference is made by comparing the DNB and
YOK corpora and identifying specific patterns within them as indicative of
differences in how scholars create their knowledge of the family in each country’s
scholarly domain. These are large, important and actionable statements ; they
form the basis for the policy recommendations included in companion work
(Basaran, 2025), and the structural reform proposals that flow from them.

However, there are a series of inferential steps from the observed patterns
in the corpora to the inferred national culture and generalizations. Each of
these steps should be treated separately and explicitly. Firstly, the corpus is a
sample ; although the study attempts to comprehensively include all possible
dissertations through use of key word searching, the selection criteria (that
the dissertation includes the terms “family,” “Familie” or “Aile” in either title,
key words, or abstract) exclude dissertations where the family is a major theme
but not the central theme. Secondly, the corpus is a snapshot ; this can range
anywhere from 6 years of doctoral output; it does not necessarily reflect long
term trends. Thirdly, the corpus is limited to a single type of scholarly output
; doctoral dissertations ; and the relationships among this type of scholarly
output and the overall national research field (i.e., published journal articles,
technical reports, conference proceedings etc.) have not been demonstrated.

Institutional and Temporal Confounders

There is also a special risk to the generalizability of findings within
countries due to differences among the 16 Lander of Germany for example.
Universities in each Lander are generally separate and have their own doctorate
training programs and thus differing emphasis on disciplines and the ways
in which research funds are allocated. Therefore, if a corpus of dissertation
abstracts were to disproportionately sample a certain type of university (for
example; Bavarian Catholic universities where there is an emphasis on family
values and religious studies, or North German secular research universities
where there is an emphasis on the social structure and migration) it could
result in systematic bias when examining national patterns. Although the
DNB corpus provides data regarding institutional distribution it is difficult to
assess this confounding variable based upon the data provided.

In contrast, Turkey has a completely different but also very serious issue
regarding institutional distribution. In addition to having a dramatically
expanded university system since 2010 (from approximately 94 universities
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in 2006 to over 200 as of 2024, including many new Anatolian universities
with different research cultures and faculty compositions than the older
metropolitan institutions), a corpus of dissertation abstracts using YOK can
be viewed as being comprised of very diverse institutional environments.
Thus, any national-level pattern found through examining the dissertation
abstracts may represent the increasing numerical predominance of the new
universities (which tend to be producing more applied, practitioner-oriented
research) and not necessarily a national academic culture.

Response Strategy: Institutional Stratification and Temporal
Bootstrapping

Stratifying the study’s reporting according to institutional type (research
vs. teaching; metropolitan vs. provincial; old vs. new), as well as using
institutional metadata to report institutional level findings, is the most
direct way to address the within country variation issue. When institutional
metadata is provided in the dataset, institutional stratification should be
conducted on a routine basis and its findings should be reported along with the
overall national finding(s). If institutional stratification indicates that national
findings were produced primarily through findings from one institutional
type, the generalizability of the findings for that nation can then be qualified
based on the type of institutions producing those findings.

Temporal Bootstrapping; Resampling the corpus at regular time
intervals and testing if the study’s primary conclusions hold across each
of the two year segments, addresses both the temporal snapshot problem
and the compositional change problem (i.e., the changing composition
of institutions in the Turkish corpus over time). Findings that hold for the
2019-2021 segment, the 2020-2022 segment and the 2022-2024 segment are
more generally applicable than those that emerge only from an analysis of
the entire six year period. Including analyses of the stability of findings in
supplementary materials, as opposed to accepting the six year aggregate as
definitive, raises the burden of evidence for making national level claims in
cross-national bibliometrics.

Toward Epistemically Honest Cross-National Bibliometrics: A
Synthesis

The Six Structural Tensions: Summary

Cross-national bibliometric analyses of doctoral research have been
explored to identify and analyze six structural tensions. All six are based on
systematic relationships between a methodology’s structure and domains of
reality that the methodology cannot be completely or wholly accessible. Table
1 summarizes the six tensions, their principal representations, and strategies
for responding to these tensions.
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Table 1. Summary of Structural Tensions

Structural Principal Risk if Unaddressed Response Strategy
Tension Manifestation
I. Metadata Title/keyword/ Over-attribution of Full-text validation sub-
Dependency abstract # theoretical poverty sample (210%); stratified

dissertation content

by country, discipline,
year

II. Taxonomy National Spurious disciplinary ~ Double coding;

Translation classification contrasts as sensitivity analysis across
systems embed classification artefacts  alternative classification
incommensurable schemes

disciplinary cuts

III. Visibility Academic cultures Systematic Language-sensitive
Asymmetry differ in metadata underrepresentation  thesaurus expansion;
explicitness of one country’s second-pass classification
theoretical richness
IV. Unit of Dissertation as dated Information loss for Dissertation-publication
Analysis artifact; cumulative ~ German cumulative linkage for cumulative
thesis format theses; temporal theses; date-of-
displacement commencement coding
V. Policy Co-occurrence # Misleading policy- Temporal sequencing
Proximity causation; vocabulary responsiveness claims analysis; discursive
contamination context analysis on sub-
sample
VL Corpus - national Institutional and Institutional
Generalisability academic culture temporal confounders stratification; temporal

generalisation

misread as national
patterns

bootstrapping across sub-
periods

A Protocol for Epistemically Honest Cross-National Bibliometrics

The six tensions and their strategies can be reduced to a methodology
protocol - a methodology standardizing reporting and design for all
bibliometric comparative studies across countries. The protocol does not
represent a list of required steps to take, but a methodology to provide a clear
methodology for reporting on the authors’ epistemology: what the study can
confidently conclude, what the study can suggestively point towards, and what
the study can structurally never report.

There are four parts to the methodology protocol. First, there needs to
be a clearly defined Methodological Transparency Statement at the start of
the Methods Section identifying the study as an “Indicator-Level” study and
specifying those of the six structural tensions, that are the most relevant to
the design of the study and the corpus used in the study. This will signal to
the reader the appropriate interpretation register for the results (i.e., “This is
how German doctoral research represents itself through metadata as collected
by the Deutsche Nationalbibliothek™) instead of saying “This is what doctoral
students in Germany study.”
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Second, the Results Section should separate the findings based on their
epistemic level: robust (found consistently across sensitivity analyses and
validated using the validation sub-sample); provisional (consistent with
expectations but influenced by classification decisions); and speculative
(theoretically driven but not supported by the indicator-level data). Providing
this separation will give the reader the necessary epistemological framework
to evaluate which conclusions have enough evidence to be immediately
translated into policy or curricular changes and which conclusions require
additional empirical support before being translated into policy or curricular
changes.

Third, the Discussion Section should contain a ‘Structural Limitations’
Subsection. Instead of the traditional ‘Limitations’ Paragraph placed at the end
of a study as a routine acknowledgement, this Subsection would represent a
critical examination of which specific Response Strategies were implemented,
which Response Strategies were not (and why) and how the unimplemented
Responses impact the degree to which the major conclusions of the study
should be accepted.

Lastly, the Study should also contain a Public Data Appendix containing
the full Coding Scheme, Thesaurus Word Lists, Translation Equivalence
Tables, and Analysis Results for the Validation Sub-Sample. The purpose
of providing a Public Data Appendix would be to allow both independent
verification and cumulative development of the methodology - future
researchers can improve upon and use the Thesaurus developed in the current
study and contribute to the development of a common methodology for cross-
country comparative bibliometric research, rather than needing to develop a
new one for each new study.

Conclusion: The Map and the Territory Revisited

This section will explore how the “map” (a cross-national bibliometric
analysis) reflects only a subset of the territory (the total set of data used to
produce the analysis). While the chapter has attempted to demonstrate how
the cross-national bibliometric analysis maps the territory, there are several
significant ways in which the “map” differs from the “territory”. These six
structural differences are not general limitations of all research. Rather they
are characteristics of the indicator level epistemology that a bibliometric
analysis of metadata will necessarily inhabit.

A key contribution of this chapter is not to assert that cross-national
bibliometric analysis is not reliable or informative. On the contrary, I believe
that it is a valuable and largely underused method for comparative education
research. Cross-national bibliometric analysis is able to identify patterns
in scholarly output that no other method can access at a similar scale and
cost. A key contribution of this chapter is to assert that the degree to which
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cross-national bibliometric analysis is valuable is directly related to the
epistemological honesty with which it is practiced and presented. For example,
a bibliometric study that describes the results of its indicator-level analyses as
the direct result of what ‘German scholars study’, or what “Turkish doctoral
research prioritizes’, is misleading its readers and ultimately does not serve
the policy and curriculum reform debates that it wishes to support.

Therefore, the goal of epistemologically honest cross-national
bibliometrics is to create a methodological ideal that includes mapping the
shadow of the methodology alongside the findings, specifying the areas where
the methodology is unable to describe what is suggested by the findings, and
providing sufficient methodological transparency so that readers may interpret
the findings accordingly. The strategies for responding to these limitations
that have been provided in this chapter provide a single path toward this ideal.
A second goal is to develop a comparative education bibliometrics community
that views methodological reflection as integral to empirical work rather than
simply as an appendix to empirical work. The map, accurately and truthfully
drawn, remains a potentially powerful navigational tool ,even when, and
possibly particularly when, it clearly indicates the uncharted waters that exist
beyond its boundaries.
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1. INTRODUCTION

Education is a living system that ensures social continuity and evolves
simultaneously with the socio-cultural dynamics in which it is embedded.
With the construction of modern nation-states, education has assumed a
mission beyond merely preparing individuals for the future; it has become
a vehicle for maintaining social standards and fostering “ideal citizens” who
have internalized national ideals. In this process, central authorities have
institutionalized the “mainstream” educational model by standardizing
all components, from curriculum design and teacher competencies to
institutional operations and assessment mechanisms. However, the
homogeneous structure offered by mainstream education today brings about
significant pedagogical and ethical debates. Standardized educational models
tend to perceive individual differences as “deviations” to be managed rather
than assets to be celebrated, often labeling learners within predefined molds.
This approach, rooted in classical behaviorist theory, views learning as a linear
process based on stimulus-response bonds that is expected to occur uniformly
for everyone (Kaya & Giindiiz, 2015). This mechanistic perspective may result
in the stifling of creativity, the restriction of critical thinking skills, and, most
importantly, the reproduction of social inequalities through education.

As an antithesis to the limitations created by the traditional educational
paradigm, alternative education models redefine the learning process on a
completely different ontological ground. These models offer a structure that
prioritizes flexibility, student autonomy, and democratic participation instead
of hierarchical and rigid programs. Approaches such as Montessori, Waldorf,
Reggio Emilia, and its unique reflection in Turkey, BBOM (Another School is
Possible), place individual differences at the heart of pedagogy. They promise
an “ecological” educational climate where every child can develop at their own
pace and in their own style. In this context, alternative education represents
not merely a change in methodology, but a radical shift in mindset regarding
human nature, the right to learn, and social peace.

A growing body of research on alternative education models indicates that
these pedagogical approaches can have significant positive effects on students’
cognitive, social, and emotional development. Emerging as alternatives to the
standardized and often highly structured nature of mainstream educational
systems, alternative education models prioritize studentautonomy, experiential
learning, and learner-centered pedagogical practices (Raywid, 1994; Sliwka,
2008). Within such educational environments, students are encouraged
to actively construct knowledge through inquiry, collaboration, and self-
directed learning rather than through passive reception of information. These
models typically emphasize individualized learning pathways and holistic
development, fostering both academic competence and personal growth.
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Empirical studies have demonstrated that students educated within
alternative pedagogical frameworks frequently exhibit strong academic
and socio-emotional outcomes. For instance, research conducted by Lillard
(2005) shows that students who attend Montessori schools tend to outperform
their peers in traditional educational settings in areas such as mathematical
reasoning, literacy skills, and executive functioning. Similarly, other studies
have highlighted that alternative education environments often support higher
levels of student engagement, intrinsic motivation, and self-regulated learning
(Rathunde & Csikszentmihalyi, 2005). These outcomes are largely attributed
to the emphasis placed on learner autonomy, collaborative classroom cultures,
and democratic participation in educational processes.

Beyond academic achievement, alternative education practices
implemented at the primary school level are also recognized for their
contribution to the development of competencies commonly associated
with twenty-first century skills. Critical thinking, creativity, collaboration,
communication, and complex problem-solving abilities are frequently
nurtured within these learning environments. Such competencies are
supported through inquiry-based learning practices, interdisciplinary
curricula, and classroom environments that allow students to take greater
responsibility for their own learning processes (Biesta, 2015; Kraftl, 2013). The
democratic structure of many alternative education settings further promotes
students’ sense of agency and participation, which in turn contributes to their
social and emotional development.

Despite these documented advantages, the transition of students from
alternative primary education environments into the more structured and
hierarchical contexts of mainstream secondary schools remains a relatively
complex and underexplored issue in the literature. Secondary school
environments are typically characterized by standardized curricula, subject-
based teaching structures, increased academic expectations, and more
formal evaluation systems. As a result, students who previously experienced
flexible and learner-centered educational environments may initially face
challenges in adapting to these institutional expectations. Miller (2007)
suggests that students transitioning from alternative education contexts may
experience an initial “adaptation shock,” primarily resulting from differences
in educational philosophy, classroom interaction patterns, and assessment
practices. However, the same research also indicates that students educated
in alternative learning environments often possess higher levels of intrinsic
motivation, adaptability, and self-regulation, which may help them overcome
these initial challenges and achieve positive long-term academic and social
outcomes.

The dynamics of such educational transitions can be further understood
through the Stage-Environment Fit Theory proposed by Eccles and
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colleagues (Eccles et al.,, 1993). According to this theoretical framework,
students’ motivation, engagement, and well-being are strongly influenced
by the degree of alignment between their developmental needs and the
characteristics of their learning environments. When there is a strong fit
between students’ developmental stage and the opportunities provided by the
educational context, students are more likely to experience positive academic
and socio-emotional outcomes. Conversely, when there is a mismatch
between these factors, students may encounter difficulties in adapting to the
educational environment. Educational transitions, such as the shift from
primary to secondary school, may therefore create situations in which the
previously established alignment between students’ learning experiences and
the new institutional environment becomes disrupted.

Within the Turkish educational context, interest in alternative education
models has increased in recent years as part of broader discussions on
educational innovation, diversity, and child-centered pedagogy. Initiatives
such as the Another School is Possible (Baska Bir Okul Miimkiin - BBOM)
movement have aimed to create educational environments that emphasize
democratic participation, ecological awareness, and student-centered
learning. Despite the increasing visibility of such initiatives, empirical research
examining the long-term educational experiences of students educated within
these models remains limited in Tiirkiye. In particular, there is a notable lack
of studies investigating how students graduating from alternative primary
schools adapt to conventional secondary schools characterized by exam-
oriented curricula and more structured institutional expectations.

The Purpose of the Study

The purpose of this study is to examine the academic performance and
skill development of students who graduated from Izmir Private Renkli Orman
Primary School—an institution implementing the BBOM (Another School
is Possible) educational model as an alternative to mainstream schooling—
following their transition to middle school. In line with this purpose, the
study seeks to answer the following research questions:

« Howistheacademic performance of students who received alternative
education at the primary level after transitioning to mainstream schools?

«  Which specific skills have been developed by students who received
alternative education during their primary school years?

2. METHOD
Research Design

This study was conducted using the case study design, one of the
qualitative research models, as it aims to obtain descriptive and explanatory
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information regarding alternative education by consulting the perspectives of
graduates from Izmir Private Renkli Orman Primary School (which adopts
the Another School is Possible - BBOM model), their parents, and their
middle school teachers.

The case study is a qualitative research design that involves an in-depth
investigation of a single case, individual, event, setting, or document. In this
method, researchers employ various data collection and analysis techniques
to understand the complexity of a specific phenomenon. By focusing on a
single case, case studies provide an intensive analysis through qualitative data
and seek to understand how the context influences the situation by examining
it within its natural environment (Yildirim & Simgsek, 2018).

Participants

The purposive sampling method was employed to determine the study
group of the research. Purposive samplingis a technique thatallows researchers
to select a sample based on specific criteria. Unlike random sampling, this
method enables the selection of individuals or cases that possess predefined
characteristics relevant to the study. Thus, the researcher can obtain in-depth
and comprehensive information through a smaller number of participants
(Yildirim & Simsek, 2018). For this purpose, the study group consisted of 5
graduates from [zmir Private Renkli Orman Primary School (S1, S2, S3, §4,
S5), 6 parents (P1, P2, P3, P4, P5, P6) and 7 subject teachers (T1, T2, T3, T4, T5,
T6, T7) currently instructing these students in middle school.

In the selection of the study group, only students attending the same
middle school were included. Although the researcher intended to interview an
additional branch teacher from the middle school, the study remained limited
to the aforementioned participants as that teacher declined to participate.

Instrument Development

Semi-structured interview protocols were developed to examine the
adaptation processes of students who had received education through
an alternative education model in primary school. The questions were
structured around three main themes derived from the research questions:
academic, social, and emotional adaptation. Separate interview forms were
prepared for students, parents, and subject teachers to obtain perspectives
from different stakeholders in the adaptation process. To ensure content
validity and clarity, expert opinions were obtained from a primary school
teacher experienced in alternative education and a lecturer specializing in
curriculum development.

A pilot interview was conducted with the parent of a student who had
previously studied in the same primary school classroom but had transferred
to another school in the fourth grade. Based on the pilot study, several
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questions were revised and probing questions were added to improve clarity
and depth.

The final interview protocols consisted of 16 questions for subject teachers,
12 questions for students, and 7 questions for parents. In addition, subject
teachers were provided with a brief explanation of the alternative education
model implemented at Private Renkli Orman Primary School to ensure a
clear understanding of the research context.

Data Collection

Data were collected through semi-structured interviews with students,
parents, and subject teachers. Individual interviews were conducted with
teachers and parents, while focus group interviews were conducted with
students. Participation was voluntary, and participants were informed about
the purpose of the study and the confidentiality of their responses. All
interviews were audio-recorded with participants’ consent. The recordings
were transcribed verbatim by the researcher using Microsoft Word and used
as the primary data source for analysis. Throughout the process, efforts were
made to maintain researcher neutrality and minimize potential bias.

Data Analysis

The data collected through semi-structured interviews were analyzed
using descriptive analysis, guided by the core research questions. The primary
objective of this approach is to present the findings to the reader in an
organized and interpreted manner. The interview questions were structured
around themes established by the researcher following an extensive literature
review in alignment with the research problem. Data analysis was conducted
based on these predefined themes. In the descriptive analysis process, direct
quotations were frequently incorporated to effectively convey the participants’
perspectives (Yildirim &S$imsek, 2018). The datawere categorized, summarized,
and interpreted according to the established thematic framework. Significant
views from certain participants were presented verbatim to maintain their
original meaning.

Trustworthiness

In qualitative research, validity and reliability are addressed through
various verification strategies (Yildirim & Simsek, 2018). In this study, data
triangulation was employed to enhance the credibility of the research. Data
obtained from students, parents, and teachers were evaluated together to
obtain a more comprehensive understanding of the phenomenon.

The semi-structured interview forms used in the study were developed
based on the opinions of three academics specialized in qualitative research and
one primary school teacher experienced in alternative education. Following
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pilot implementation, the interview forms were revised and finalized.

In order to preserve the authenticity of participants’ perspectives during
the data analysis process, direct quotations were included in the findings. All
interviews were audio-recorded and transcribed verbatim. The collected data
were securely stored throughout the research process to ensure confirmability.

Ethical Considerations

Before the data collection process began, ethical approval was obtained
from the relevant ethics committee, and official permission to conduct
the research was granted by the Izmir Provincial Directorate of National
Education.

All participants, including students, parents, and teachers, were informed
about the purpose and scope of the study, and participation was based on
voluntary consent. Parental consent was obtained for student participants.

Throughout the research process, the confidentiality of participants’
identities was carefully protected, and the collected data were anonymized
during reporting. All stages of the study were conducted in accordance with
the principles of scientific research and publication ethics.

3. FINDINGS

This section presents the findings obtained from the analysis of the
interview data conducted to answer the research questions. In line with the
purpose of the study, the findings were examined under two main categories:
“views on students’ academic performance” and “views on the development of
students’ cognitive and social skills” during their transition to middle school
after receiving alternative primary education.

The data obtained through semi-structured interviews were analyzed
using descriptive analysis, and participants’ views were organized under
specific themes. The findings are presented and interpreted with the support
of direct quotations from participants.

3.1. Views on Students’ Academic Performance

To address the research question “How is the academic performance
of students who received alternative education at the primary level after
transitioning to mainstream schools?”, interviews with students, teachers,
and parents were analyzed. The findings indicated that participants’ views
were organized around three main themes: readiness, academic achievement,
and assessment and evaluation processes.

Readiness

Participants’ views indicate that although the students came from an
alternative education background, their academic readiness when they started
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middle school was sufficient and, in some cases, above the class average.
Statements from parent P4 and teachers T3 and T6 support this finding.

P4: When she transitioned from an alternative school like Renkli Orman
to a public school, she was already familiar with everything in the curriculum,
actually even more. There was never a moment in any course where she said,
“We were supposed to learn this, but we never covered it.” She never fell below
the class average in any subject. Even though Renkli Orman is an alternative
school where there is generally less homework, almost none at all, and she
moved into a system where homework is common, she never had any difficulty
taking responsibility for those assignments.

T3: They already knew everything I taught. In fact, they would say that
they had already seen these topics last year.

T6: There were no topics that they lacked knowledge about.

These views indicate that when the students started middle school, they
were generally well prepared for the topics included in the curriculum.

In the views regarding readiness levels, differences were more evident in
certain subjects. In particular, it was stated that students coming from Renkli
Orman were at a more advanced level in English and Social Studies. Some
participants expressed this situation as follows:

For example, S3 described the English level in the current school by
saying, “English here is alittle easier.” Similarly, S5 stated, “We have just started
covering topics in English that we had already learned before,” indicating
that they were ahead in this subject. Teacher T7 commented in a way that
supported the students’ views: “I was quite satisfied with their English level...
the students had high self-confidence and a high rate of participation in class.
Their speaking and practical skills were also very good.”

These views suggest that students coming from Renkli Orman had a
higher level of readiness particularly in English. This may be explained by the
fact that Renkli Orman uses its own English curriculum.

Similarly, it was also stated that students were ahead of their classmates
in certain Social Studies topics. Student S5 expressed this as follows:
“Academically, we were definitely a bit ahead in Social Studies at Renkli
Orman. Because when we were in fourth grade, we had already learned the
systems of government that they have only covered partially here so far.
We had learned them in a much more detailed way there.” Teacher T2 also
commented on this subject, referring to all of the students from the alternative
school: “All five of them are above the class average.”

However, some teachers also noted that there were individual differences
among students. Teacher T1 expressed this by saying, “There were some
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students who were academically behind, with difficulties in writing and
reading. We needed to work with them more closely.” This statement indicates
that although there were individual differences among students, the areas
identified as weak were gradually improved with support over time.

From the students’ perspective, certain subjects were mentioned in which
they felt academically less competent. These subjects included Folk Culture,
Music, and Visual Arts.

Student S2 stated, “Sometimes the essays we write in the Folk Culture
course are not really related to the topic. When we read them again later, they
do not make much sense.” Similarly, S1 said, “I think they do not really value
music or visual arts here. Neither the students care much about it nor is there
a teacher available to teach it.”

These statements suggest that students perceive differences between the
learning experiences they had in the alternative education environment and
the instructional practices in their current school.

Academic achievement

When the participants’ views were examined, it was observed that
students’ academic achievement levels were generally evaluated as high.
Both students and parents stated that students coming from the alternative
education environment typically performed above the class average in their
classrooms. Student S4 expressed this situation as follows: “..In this school
there are practice exams, and in those exams the students who usually achieve
the highest scores are the ones who graduated from Renkli Orman.” Parent
P3 also commented on their child’s performance: “..In the nationwide
exams they also give rankings at the provincial and national levels. My child
performs well there as well. He or she is usually first or second in the class and
ranks around 150-200 across [zmir.”

Similarly, Parent P4 pointed to their child’s success by stating: “When she
transitioned from an alternative school like Renkli Orman to a public school,
she was already familiar with everything in the curriculum—even more than
required. She never fell below the class average in any subject.”

These views suggest that students coming from the alternative education
environment generally perform above the class average in terms of academic
achievement.

Assessment and evaluation processes

Another theme that emerged from the interviews regarding students’
academic performance was related to assessment and evaluation processes.
Within this theme, two categories were identified: examinations and
homeworks.
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Examinations

When the teachers’ views were examined, it was observed that the exam
performance of students coming from Renkli Orman was generally evaluated
positively. Some of the teachers’ views regarding this issue are presented below.

T1: “They raised the class average in the exams. Some students even
scored higher than the top two students in the class. Therefore, even though
they did not come with exam anxiety and had not previously experienced
exam pressure or obligations, they entered this competitive environment quite
easily. They did not have any problems with grades; they showed responsibility
in getting good grades, studying, and fulfilling their duties through their own
efforts. I never felt the need to meet separately with their parents; they already
had this level of maturity when they arrived.”

T7: “When I compare them with the other students, almost all of them
were at a very good level.”

T4: “They are at the same level as the rest of the class. One student might
be slightly ahead, but overall they are well aligned with the class.”

These statements indicate that teachers generally evaluate the students’
exam performance positively.

During the interviews, teachers also stated that they did not observe a
strong level of exam anxiety among the students, and that even when some
anxiety was present at the beginning, it disappeared over time. Some of the
teachers’ views regarding this issue are presented below.

T7: “...they did not really have much exam anxiety. At first they did not
know much about exams, so they felt a little nervous and worried about grades
and similar things. But after the first exam, once they understood what each
teacher expected and how the procedure worked, and since they did not have
any knowledge gaps, they adapted very easily. There was no problem.”

T3: “Since I personally did not want them to feel anxious, I did not
observe such anxiety among them.”

T2: “They adapted to the exam system just like the other students. If there
is an exam, they come prepared and study for it. They do not have difficulty
answering exam questions, solving tests, or responding to other question types
such as true-false, matching, fill-in-the-blank, or open-ended questions. I did
not observe any difficulties in these areas.”

T1: “At the beginning, there were a few students who were a bit surprised
by the process, but after individual meetings with them and their parents, they
overcame these difficulties. Now they do not have any noticeable differences
or fears regarding achievement.”
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T4: “At first they were anxious about the Religious Culture course. They
were asking questions such as ‘How will you ask the questions?” and “What
kind of questions will there be?” But now that anxiety is gone. They have
become accustomed to the system.”

In alternative education environments, assessment is typically conducted
through methods other than exam-based evaluation. Nevertheless, the
teachers’ views suggest that students adapted to the exam-based assessment
processes in middle school within a relatively short period of time.

Homeworks

Another dimension of the assessment and evaluation process concerns
homework. In the views related to homework, parents stated that students did
not experience difficulty in taking responsibility for their assignments. Some
parental views regarding this issue are presented below.

P4: “In Renkli Orman there is very little homework—almost none at all.
Despite this, when my child transitioned into a system where homework is
common, she did not experience any difficulty in taking responsibility.”

P3: “My child has a highly developed sense of responsibility. This may be
partly genetic and partly related to the BBOM culture.”

P5: “She does her homework. We do not experience many difficulties; she
manages and follows her responsibilities on her own without much struggle.”

These parental views were also supported by the statements of the teacher
participants.

T2: “If I evaluate them in general, they are again above the class average
in terms of responsibility. They fulfill their homework and other duties.”

T1: “There is a certain awareness among these students. They do not have
the feeling of ‘I cannot do it’; instead, they say ‘I can do it

T4: “They complete their homework... There are some classmates who
bring incomplete work, but these students bring all their materials and
complete their assignments on time. For example, during a school trip, two
students even submitted their homework on the way in order to fulfill their
responsibilities.”

Another noteworthy finding related to homework is that students appear
to develop different perspectives when completing their assignments. Some
teachers’ views on this issue are presented below.

T1: “These students have a different perspective. When preparing projects,
they put their own effort into the work. They never do simple copy-paste work
or just take something from the computer.”
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T3: “S5 and S2 are students who think somewhat differently; they can
solve problems in different ways.”

T4: “In terms of homework, I particularly admire the creativity of one
student. This student adds something of his or her own. Of course, other
students can also contribute their own ideas, but this student has a unique
approach. This student also has a strong ability in drawing and visual
expression. Another student is similar in a different way; there is a calmness
in how the work is completed. You can clearly see the order and care in the
way the homework is done.”

In addition to these views, there are also statements indicating that
students are particularly willing to engage in tasks requiring creative thinking
and manual skills.

T5: “...when the task requires handicraft work, they are usually ahead of
the others.”

T6: “They are very willing in this regard (manual skills). For example,
last year I asked them to create landforms using clay. They all brought their
materials, prepared the cardboard, and colored them as they wished, of course
in accordance with the correct colors of the landforms. We created maps
in this way and even wrote cuneiform on clay tablets. They enjoyed it and
completed the work willingly and enthusiastically.”

3.2. Views on Students’ Cognitive and Social Skills

In order to answer the research question, “Which skills have been
developed by students who received alternative education during their
primary school years?”, the interviews conducted with teachers were analyzed.
The analysis revealed that the views were grouped under three main themes:
problem-solving skills, thinking skills, and communication skills. Examples
of views related to each theme and their interpretations are presented under
the relevant headings.

Problem-Solving Skills

During the interviews with teachers, when they were asked how they
evaluated students” problem-solving processes, it was observed that students
tended to try to resolve problems among themselves first. Some of the
participants’ views are presented below.

T2: “...In minor conflicts, while other students usually complain about
each other or give names, these students tend to support one another.
Problems do not occur very often, and when they do, they do not immediately
report each other’s names... Instead, they come together and talk among
themselves... These students are more conscious. They are more aware of
events and situations; they are more mature. They first think things through
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and evaluate the situation in their minds and then take action. There is no
sudden reaction or acting without thinking.”

T3: “...A classmate bit him and it caused bruising. He kept showing it to
me and saying that it hurt, but he did not complain about his friend. The next
day I saw them together again; they had managed to solve the issue on their

»

owI.

These statements indicate that students tend to try to resolve the problems
they experience among themselves firstand show a tendency to handle conflicts
without immediately escalating them to others. It can also be understood that
the culture of resolving problems collaboratively among peers was carried
over from their previous school into the middle school environment.

The interviews also included statements indicating that when students
were unable to resolve problems among themselves, they sought support
from their classroom teachers or the school administration. Some of the
participants’ views on this issue are presented below.

T1 attributed this attitude of the students to the fact that their previous
school was accustomed to this type of problem-solving: “Whenever a problem
occurs, they first try to solve it among themselves. For example, if they have
a conflict with a friend, they first try to warn each other and solve it on their
own. If they cannot resolve it, they come and tell me about it in a very calm
and respectful way... Sometimes they even ask another friend to mediate and
help solve the problem. In most cases they resolve their problems themselves.
Because they are already accustomed to handling issues this way, most
problems do not reach us and fade away before that stage. Of course, if they
cannot overcome the problem, then they come to us and we try to help as
much as we can.”

Similarly, T6 stated: “Of course they try to resolve issues among
themselves first, but when they cannot, they become upset. Because they are
upset, the issue eventually comes to us and turns into a complaint. Then we
try to solve it together. When they cannot resolve it among themselves, we
solve it together; otherwise it does not work. There was an incident last year
when a student from Renkli Orman became very upset and even cried because
he felt he had been treated unfairly. But we solved the issue in the end. They
communicated with each other, reconciled, and continued getting along.” T6,
with this expression, describes children’s problem-solving processes and how
they turn to adults when they are stuck.

Communication Skills

Another theme that emerged from the interviews with teachers was the
development of students’ communication skills. Some teacher views reflecting
this evaluation are presented below.
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T1 stated: “First of all, their communication skills are at a high level. I
think this may also be an advantage provided by the system they previously
experienced. You can see their politeness and gentleness in their relationships
with their friends... When an environmental or social issue is discussed in
class, they always express their sensitivity about it... The way they express
themselves, their respect for teachers, their respect for friends, and their
respect for the environment and all living beings is remarkable... They
have contributed a lot to us in terms of communication skills.” Through
this statement, the teacher listed many positive aspects of the students’
communication behaviors and suggested that these characteristics might be
related to the education they previously received.

Another teacher, T5, emphasized students’ ability to express themselves
without resorting to complaints: “They can explain themselves very well
in class and when discussing a topic. When they have a problem, they can
express it clearly. Other students usually complain about everything, but these
students do not complain much. If there is a real problem, they come and
explain it.”

Similarly, T2 stated, “Their way of expression is very clear; they speak
openly,” while T4 commented, “They can express themselves directly and
clearly.” These statements indicate the students’ competence in expressing
themselves.

Participant T3 also described the advanced level of these students’
communication skills: “... They are not like typical children... They seem more
mature for their age; sometimes they can understand you even without you
saying anything, sometimes just through eye contact... I think they express
themselves more comfortably and with more appropriate words. They can
state their opinions without hesitation and do so without hurting others.”

Based on the teachers’ statements, it can be understood that students
coming from Renkli Orman are able to express themselves openly, comfortably,
and politely, and that they demonstrate sensitivity and self-confidence in their
interactions.

At the same time, the interviews also revealed that there were individual
differences in the communication skills of students who graduated from
Renkli Orman. The views of participants T7 and T6 regarding this issue are
presented below.

T7: “S4 used to be somewhat introverted before. She spoke more quietly
and calmly. Now she is better. S2 was similar, but now they are both doing
better. They speak more confidently now, and the shyness in their voices has
mostly disappeared.”
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T6: “Some of our students can express themselves very clearly. I think
it also depends on personality. According to this educational system, their
expression skills seem to have improved, but while some students express
themselves very openly and clearly, one or two students are more reserved
and have difficulty expressing themselves... There are still some shy students.
They are not all completely extroverted. I think this is related to individual
differences.”

Thinking Skills

In the evaluations of students’ cognitive skills expressed during the
interviews with teachers, one of the prominent themes was that students
possess advanced thinking skills. The views of participants T1, T4, T6, and T7
presented below were evaluated within the scope of this theme.

T1 stated: “These students stimulate writing, communication, and
thinking skills in the classroom environment. They also encourage the ability
to produce something new. If there is a point where they feel they are lacking,
they try to recognize it and work to improve it. All of these are remarkable
advantages. Of course, family influence may also play a role here, as well as
the educational system.”

T4 commented: “...For example, they are currently writing books. Using
their imagination, they create their own drawings and even invent their own
names.”

T6 stated: “Their thinking skills are stronger; they come with more
developed questioning skills and imagination, and they have different
perspectives. They have their own imaginative worlds. They create books and
support them with cartoons; they even create their own planets and give them
names... Other students in the class have also started to adapt to this. As
they continued doing these things, other students began writing books and
creating their own imaginary worlds as well. They became a positive example
within the classroom.”

T7 stated: “...They are more creative and more colorful in their thinking.
They can combine different elements and produce more analytical and well-
developed solutions.”

Differentteachers pointed out that students demonstrate advanced abilities
in creative thinking, critical and questioning thinking, multidimensional
thinking, and analytical reasoning. Based on the teachers’ statements, it
can be understood that students coming from Renkli Orman display well-
developed thinking skills. Teachers also indicated that these students serve as
positive role models for other students in the classroom.
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4. DISCUSSION AND CONCLUSION

In this study, the academic performance and skill development of
students who received their primary education within an alternative education
model were examined following their transition to middle school. The
findings indicate that the experience of alternative education has significant
implications for students’ academic adjustment processes as well as their
social and cognitive skills.

Students’ Academic Performance

The findings of the study indicate that students who received their
primary education within an alternative education model demonstrate
adequate academic readiness when transitioning to middle school and, in
some subjects, even perform above the class average. This finding contradicts
the common assumption that students coming from alternative schools,
where educational practices differ from those in mainstream public schools,
may experience difficulties in adapting to middle school environments.

In addition, the findings suggest that students who were educated at
Renkli Orman (RO) are more willing and motivated to participate in classroom
activities and learning tasks. This may be associated with the student-centered
learning approaches implemented in alternative educational environments,
which encourage students’ active engagement in the learning process.

Teachers, students, and parents generally reported that students educated
at RO perform either above the class average or close to it in terms of overall
academic achievement. Participant views particularly highlighted that these
students demonstrate more advanced levels in subjects such as English and
Social Studies. The fact that Renkli Orman implements its own English
curriculum, as well as the greater opportunities for experiential learning in
Social Studies commonly found in alternative schools, may help explain the
relatively stronger performance observed in these areas.

These findings suggest that the alternative education model may positively
influence students’ academic achievement and emphasize the importance
of expanding such models and enabling teachers to use these approaches
more effectively. Research in the literature also indicates that alternative
teaching methods can significantly improve students” academic performance
compared to traditional instructional methods. A meta-analysis conducted
by Tutal, Kagire, and Atabey (2016) found that approaches such as educational
games, inquiry-based learning, project-based learning, discussion methods,
and case studies are among the most effective instructional strategies. The
results of the present study support the view that such practices, commonly
used in alternative education settings, may play an important role in teacher
education and contribute to improved student achievement.
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The findings also reveal that individual differences exist among students.
Some teachers indicated that certain students required additional support,
particularly in reading and writing skills. However, these difficulties were
reported to have been largely addressed through teacher guidance and
students’ adaptation processes. This suggests that even when students from
alternative educational environments experience certain challenges, they are
able to employ compensatory skills that help them overcome these difficulties.

Students themselves also expressed feelings of inadequacy regarding their
academic performance in certain subjects, particularly Folk Culture, Music,
and Visual Arts. However, it was observed that students tended to attribute
these difficulties not to their own abilities but rather to the perceived inefliciency
of the lessons. This indicates that these challenges are not necessarily related
to disadvantages stemming from the educational environment in which the
students previously studied.

From the perspective of assessment and evaluation processes, the findings
suggest that students were able to adapt relatively quickly to the exam-based
assessment system in middle school. Teachers’ statements indicate that
students generally performed well in exams and did not experience significant
levels of exam anxiety. The alternative education model may positively
influence students’ attitudes toward assessment processes and homework
responsibilities. Students’ ability to participate in evaluation processes
without experiencing exam anxiety may be associated with the autonomy
and intrinsic motivation supported in alternative educational environments.
According to Self-Determination Theory, students who have greater control
over their learning processes tend to experience lower academic anxiety and
higher learning motivation (Ryan & Deci, 2000). Participants’ views regarding
students’ exam performance and their relationship with exam anxiety suggest
that practices aimed at reducing exam anxiety in RO may have been effective.

The findings related to homework processes also indicate that students
demonstrate well-developed responsibility-taking skills. Both parents and
teachers stated that students regularly complete their homework and are able
to display original approaches in the process of producing assignments. This
situation may be interpreted as a positive outcome of alternative educational
environments that support students’ responsibility-taking and self-regulation
skills.

Development of Cognitive and Social Skills

The findings of the study indicate that students who received education in
analternativelearning environmentalso demonstrate advanced characteristics
in terms of cognitive and social skills.

Teachers’ views reveal that students behave more consciously in their
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problem-solving processes. Their tendency to first attempt to resolve problems
among themselves, and to seek support from teachers or school administrators
when they are unable to do so, suggests that these students display responsible
and independent behavior. This situation may be interpreted as being related
to the development of responsibility-taking and collaboration skills among
students educated in alternative learning environments. Indeed, research
shows that problem-based learning processes in student-centered learning
environments contribute to the development of independent problem-solving
and collaborative skills (Hmelo-Silver, 2004).

When evaluated in terms of communication skills, the majority of
teachers stated that students are able to express themselves openly and
comfortably while using a respectful and sensitive communication style. These
findings are also supported by literature. For instance, Johnson and Johnson
(2009) emphasize that alternative education programs strengthen students’
communication and social skills. Similarly, the findings are consistent with
the research of Durlak, Weissberg, Dymnicki, Taylor, and Schellinger (2011),
which demonstrates that social-emotional learning programs enhance
students’ academic and social competencies. The findings suggest that students
educated in alternative learning environments are able to participate actively
in group work and integrate successfully with their peers after transitioning to
mainstream schools. In this respect, the results can be interpreted as evidence
of the contributions of alternative education programs, which emphasize
collaborative learning and group work, to the development of students’ social
communication skills.

In addition, teachers’ views indicate that students demonstrate well-
developed thinking skills. Participants highlighted students’ abilities in
creative thinking, imagination, questioning, and developing multiple
perspectives. Their creativity and ability to use different strategies in problem-
solving can also be considered indicators of advanced thinking skills. These
findings may be interpreted as a result of the learning experiences provided in
alternative education environments that support students’ critical and creative
thinking. Some teachers also stated that these characteristics enable such
students to serve as positive role models for their classmates. This suggests
that the experiences gained through an alternative education model may have
the potential to create transformative effects for students in their subsequent
educational environments.

The findings of the study can also be interpreted within the framework of
Stage-Environment Fit Theory (Eccles et al., 1993) in terms of understanding
how students educated in alternative environments adapt to middle school
settings. According to this theory, when there is a strong alignment between
students’ developmental needs and the characteristics of the learning
environment, students’ academic engagement, motivation, and social
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adjustment tend to improve. In this respect, it can be argued that previous
learning experiences may playasignificant role in students’ transitions between
different educational environments. In the present study, the fact that students
who received education in alternative learning environments demonstrated
well-developed problem-solving, communication, and thinking skills and
were able to adapt quickly to their new schools may be interpreted as evidence
that their prior educational experiences provided a learning environment that
supported active participation in learning processes.

Overall, the findings of the study provide strong evidence that students
who received their primary education within an alternative education model
are able to adapt to middle school environments both academically and
socially. The fact that students demonstrate adequate academic readiness,
adapt successfully to exam and homework processes, and develop a strong
sense of responsibility suggests that the learning experiences gained in
alternative education environments may have positive effects on later stages
of education. These findings are also consistent with studies indicating that
student-centered learning approaches support students’ academic engagement
and learning motivation (Darling-Hammond et al., 2020).

The study also demonstrates that alternative educational approaches
contribute not only to academic achievement but also to the development of
problem-solving, communication, and thinking skills. In this respect, the
findings provide important insights into the transition processes of students
with experience in alternative education when they move to different school
environments. The results suggest that different pedagogical approaches may
coexist within education systems or operate across different educational
stages. Such diversity in educational practices may contribute to students’
multidimensional development.

4.1 Limitations of the Study

This study, designed using a qualitative approach, was conducted with a
limited number of participants consisting of students, parents, and teachers
from a single school implementing the BBOM model, whose graduates
continued their education at the same middle school. Therefore, the findings
reflect experiences within a specific educational context and cannot be
generalized to all alternative education environments or to all cases of
transition from alternative schools to mainstream public schools.

The findings of the study are based on qualitative interview data. Future
research employing quantitative or mixed-method approaches may contribute
to obtaining more comprehensive findings regarding the transition processes
and developmental outcomes of students who have received education in
alternative learning environments.
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Implications for Educational Practice
Based on the findings of the study, several implications can be proposed.

The results of the study indicate that students who received their primary
education within an alternative education model were able to adapt both
academically and socially to the middle school environment. This finding
suggests that student-centered learning approaches may support not only
students’ academic achievement but also the development of problem-solving,
communication, and thinking skills. In this respect, it may be beneficial to
include alternative instructional approaches more extensively in teacher
education programs, particularly student-centered methods such as project-
based learning, inquiry-based learning, and cooperative learning.

The findings of the study also suggest that process-oriented assessment
approaches used in alternative educational environments may have positive
effects on students’ learning motivation and responsibility-taking skills.
Therefore, it may be useful to incorporate alternative assessment methods,
such as portfolio assessment, performance tasks, and project-based
assignments, into mainstream school curricula in order to support process-
oriented evaluation.

Furthermore, the results indicate that alternative educational
environments may positively contribute to the development of students’
communication, collaboration, and problem-solving skills. For this reason, it
may be recommended that school environments provide more opportunities
for students to participate in decision-making processes and engage in
collaborative learning experiences.

This study focuses on a single school implementing the BBOM model.
Future research may include other schools adopting the same model in order
to obtain a broader understanding of the effects of alternative educational
approaches. Studies conducted across different types of schools may provide
more comprehensive evidence regarding the impact of alternative education
practices.

Finally, future studies examining the long-term academic and social
development of students who have received education in alternative learning
environments may provide valuable contributions to literature. In addition,
further research could include students who complete the entire K-12
educational process within alternative education models in order to better
understand the long-term outcomes of such educational experiences.
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1. Introduction

In recent years, digital game-based learning has been increasingly
recognized as an effective instructional approach that enhances students’
engagement, motivation, and meaningful learning experiences [1-2]. More
recent studies emphasize that digital games can also support social-emotional
development, particularly when they are designed to promote collaboration,
empathy, and self-regulation [3-4]. In the context of social studies education,
digital games provide interactive environments that allow students to
experience historical events, civic decision-making processes, and social
interactions in immersive and participatory ways [5-6].

Although gifted students are often characterized by advanced cognitive
abilities and high academic performance, research has shown that their social-
emotional development may not always align with their intellectual growth [7-
8]. Recent literature highlights that gifted learners may face challenges related
to peer relationships, emotional regulation, and social adjustment, particularly
during early adolescence [9-10]. Therefore, instructional approaches that
intentionally address both cognitive and social-emotional dimensions are
essential for supporting the holistic development of gifted students.

Social studies courses offer a particularly suitable context for fostering
social-emotional learning, as they emphasize values such as citizenship,
social responsibility, empathy, and ethical reasoning [11-12]. When digital
game-based learning is integrated into social studies instruction, students are
encouraged to adopt multiple perspectives, engage in cooperative problem-
solving, and reflect on the social consequences of their decisions (13-14).
Such learning experiences have been found to positively influence students’
cooperation skills, emotional awareness, and social engagement [15-16].

Despite the growing body of research on digital game-based learning and
gifted education, age-related differences in gifted students’ social-emotional
responses to digital games remain underexplored, particularly within social
studies contexts [1-3]. Understanding how students at different developmental
stages respond to digital game-based learning is crucial for designing
developmentally responsive and inclusive instructional practices. Accordingly,
this study aims to examine the impact of digital game-based learning
implemented in social studies courses on the social-emotional development of
gifted students, with a specific focus on age-related variations.

2. Theoretical Framework and Literature Review
Digital Game-Based Learning in Education

Digital game-based learning (DGBL) is grounded in constructivist and
experiential learning theories, emphasizing active participation, problem-
solving, and meaningful interaction with content [17-1]. Within this
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framework, learning emerges through engagement with authentic tasks,
immediate feedback, and iterative decision-making processes. These features
position learners as active agents who construct knowledge through experience
rather than passive recipients of information.

Beyond cognitive outcomes, recent research highlights that well-designed
digital games also support motivational and affective dimensions of learning,
including engagement, persistence, emotional involvement, and self-regulation
[1-12]. In this sense, DGBL provides not only an instructional strategy but also
a socio-emotional learning environment in which learners practice decision-
making, manage emotions, and interact with others in structured yet flexible
contexts.

In social studies education, DGBL has gained increasing recognition due
to its capacity to simulate historical events, civic processes, and social dilemmas
[5-9]. Such simulations allow learners to explore multiple perspectives,
negotiate social roles, and experience the consequences of individual and
collective decisions. Empirical studies indicate that digital games in social
studies enhance students’ conceptual understanding, critical thinking, and
collaborative problem-solving skills [14], while simultaneously creating
conditions conducive to social-emotional learning.

Social-Emotional Learning Framework and Digital Games

Social-emotional learning (SEL) is commonly conceptualized within the
CASEL framework, which defines five core competencies: self-awareness, self-
management, social awareness, relationship skills, and responsible decision-
making [12]. Contemporary educational research emphasizes that these
competencies are not peripheral to academic learning but are integral to
students’ cognitive engagement and long-term success [15].

Building on this framework, the present study adopts a theory of change
that explicitly links specific features of DGBL to distinct SEL competencies.
For example, game-based scenarios requiring reflection on one’s choices and
emotional responses are expected to foster self-awareness, while mechanics
involving goal-setting, delayed rewards, and adaptive challenges support
self-management. Cooperative gameplay, role-taking, and narrative-
driven perspective shifts are hypothesized to enhance social awareness and
relationship skills, whereas decision-making under simulated social dilemmas
aligns closely with responsible decision-making.

Recent empirical evidence supports these assumptions, demonstrating
that digital games intentionally designed with social interaction, feedback, and
reflection components can effectively promote SEL competencies [2]. Game
environments that encourage cooperation, empathy, perspective-taking, and
emotional regulation have been shown to support positive peer interaction
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and emotional development [9]. Anchoring SEL outcomes within the CASEL
framework therefore strengthens the conceptual coherence between theory,
instructional design, measurement, and findings.

Gifted Students and Social-Emotional Development

Gifted students are typically characterized by advanced cognitive
abilities, rapid learning capacity, and heightened sensitivity; however, research
consistently indicates that their social-emotional development does not
always progress synchronously with their intellectual growth [7-8]. This
developmental asynchrony may manifest in challenges related to emotional
regulation, peer relationships, and social adjustment, particularly during
transitional developmental periods such as early adolescence [16].

Recent literature underscores the importance of instructional approaches
that address both the cognitive and social-emotional needs of gifted learners
[11]. Learning environments that promote collaboration, emotional expression,
and social interaction are especially beneficial for supporting their holistic
development. When thoughtfully integrated, digital games offer flexible,
engaging, and socially rich contexts that align with the affective intensity and
advanced cognitive engagement typical of gifted students [3].

Age as a Developmental Moderator in Digital Game-Based Learning

Developmental theory suggests that students’ cognitive, emotional, and
social capacities evolve significantly across age groups, influencing how they
perceive, process, and respond to learning environments [1]. In the context of
DGBL, age-related differences have been shown to shape learners’ motivation,
emotional engagement, self-regulation strategies, and patterns of social
interaction [5].

From a developmental perspective, younger gifted students may benefit
more from DGBL features that support emotional awareness and basic social
interaction, whereas older students are more likely to engage in complex
perspective-taking, moral reasoning, and collaborative decision-making.
Accordingly, age is conceptualized in this study as a moderating variable that
influences the strength and nature of the relationship between DGBL features
and specific SEL competencies within the CASEL framework.

Despite growing interest in DGBL and gifted education, relatively few
studies have systematically examined age-related differences in the social-
emotional outcomes of digital game-based learning for gifted students,
particularly within social studies education [7]. This gap underscores the need
for developmentally responsive instructional designs that explicitly consider
age as a key factor shaping SEL processes.
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Research Gap and Contribution

Although prior research has documented the cognitive and motivational
benefits of digital game-based learning and highlighted the importance of
social-emotional development for gifted students, empirical studies that
integrate DGBL, social studies education, giftedness, CASEL-based SEL
competencies, and age-related differences remain limited. Addressing this
gap, the present study investigates the impact of digital game-based learning
implemented in social studies courses on the social-emotional development of
gifted students, with a specific focus on age-related variations.

By explicitly anchoring SEL outcomes in the CASEL framework and
articulating a theory-driven linkage between DGBL features and SEL
competencies, the study aims to strengthen the alignment between theory,
measurement, and findings. In doing so, it contributes evidence-based
insights into developmentally responsive, inclusive, and technology-supported
instructional practices in social studies education.

3. Method

This study employs a mixed-methods research design to investigate the
effects of digital game-based learning in social studies courses on the social-
emotional development of gifted students across different age groups. Mixed-
methods research enables the integration of quantitative and qualitative data,
providing a more comprehensive understanding of complex educational
phenomena [18].

The quantitative component is based on a quasi-experimental pretest—
posttest control group design. Gifted students are assigned to either an
experimental group receiving digital game-based learning instruction or
a control group receiving traditional instruction. This design allows for
the examination of instructional effects while accounting for pre-existing
differences between groups [19].

Age is treated as a comparative variable, and participants are grouped
according to developmental stages to examine age-related differences in
social-emotional outcomes. The qualitative component follows a case study
approach, incorporating classroom observations, student reflections, and semi-
structured interviews to deepen the interpretation of quantitative findings
[20]. The integration of both data types ensures methodological triangulation
and enhances the validity of the findings [21].

Participants

The participants of this study consist of gifted students enrolled in formal
and supplementary educational programs for gifted education. Participants
were selected using purposive sampling, as the study specifically focuses
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on students identified as gifted through official assessment and placement
procedures [22].

To examine age-related differences, students were grouped according to
their developmental stages. The sample included students from three different
age groups (e.g., 9-10, 11-12, and 13-14 years). Within each age group,
participants were assigned to either an experimental group, which engaged
in digital game-based learning activities in social studies courses, or a control
group, which received instruction through traditional teaching methods.

Participation in the study was voluntary, and informed consent was
obtained from both students and their parents. Ethical approval was secured
prior to data collection, and all procedures were conducted in accordance with
established ethical guidelines for educational research [23].

Data Collection Instruments

Multiple data collection instruments were employed to examine the
effects of digital game-based learning on the social-emotional development of
gifted students. Using both quantitative and qualitative tools allowed for data
triangulation and enhanced the validity of the findings [18].

Quantitative Data Collection Instrument

The quantitative data of the study were collected using a Social-Emotional
Learning (SEL) Scale developed by the researcher. The scale was designed to
assess the social-emotional development levels of gifted students in digital
game-based learning environments. In the scale development process, the
theoretical framework of social-emotional learning and current studies in the
literature were taken as a basis, with particular emphasis on the dimensions
of self-awareness, self-regulation, social awareness, relationship skills, and
responsible decision-making [15-16].

During the scale development process, a comprehensive review of the
relevant literature was conducted, and an initial item pool was created in
accordance with the identified dimensions. The items were constructed by
considering the cognitive, emotional, and developmental characteristics of
gifted students, as well as their age levels. To ensure content and face validity,
the draft scale was reviewed by academic experts in the fields of social studies
education, educational measurement and evaluation, and gifted education.
Revisions were made based on expert feedback.

The developed Social-Emotional Learning Scale was administered as a
pretest and posttest to determine the effects of digital game-based learning
practices on students’ social-emotional development. The scale was applied
to both experimental and control groups at the beginning of the research
process and after the completion of the instructional intervention, allowing
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for a quantitative comparison of changes between groups and across age levels.

The collected data were analyzed in accordance with the psychometric
properties of the scale, and the effects of digital game-based learning on the
social-emotional development of gifted students were examined within the
context of age as a comparative variable.

Qualitative Data Collection Instruments

The qualitative data of the study were collected through classroom
observations, student reflective forms, and semi-structured interviews. These
qualitative data collection instruments were implemented within the context
of digital game-based learning activities designed in direct alignment with
the learning objectives of the social studies curriculum. The activities were
structured to address the core aims of social studies education, including
understanding and interpreting historical events, developing citizenship
awareness, proposing solutions to social issues, and engaging in democratic
decision-making processes.

Classroom observations focused on students interaction patterns,
emotional responses, and collaborative behaviors during the digital game-
based learning process. Through these observations, indicators of students’
social-emotional development—such as empathy, responsibility, group-based
decision-making, and social awareness—were systematically examined within
a natural learning environment. Particular attention was given to the roles
students assumed within game scenarios and their responses to historical and
social situations presented in the games.

Student reflective forms enabled learners to express their perceptions,
emotional experiences, and social interactions related to social studies-based
digital game activities in their own words. These reflections were used to
examine students’ evaluations of the contributions of game-based activities
to their social-emotional development and their attitudes toward the social
studies course.

Semi-structured interviews were conducted to obtain more in-depth and
detailed insights into students” social-emotional development processes. The
interviews explored the effects of digital game-based social studies activities
on students’ empathy, collaboration, and responsible decision-making skills,
as well as how age-related differences in learning and emotional experiences
emerged throughout the process [20].

The combined use of quantitative and qualitative data collection
instruments allowed for a multidimensional examination of the effects of
digital game-based learning on the social-emotional development of gifted
students within the context of social studies education, supporting a holistic
interpretation of the findings through multiple data sources.
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Data Analysis

The data obtained in this study were analyzed using both quantitative and
qualitative analysis techniques in accordance with the mixed-methods research
design. This integrative approach allowed for a comprehensive examination of
the effects of digital game-based learning on the social-emotional development
of gifted students across different age groups [18].

Quantitative Data Analysis

Quantitative data collected through the researcher-developed Social-
Emotional Learning (SEL) Scale were analyzed using statistical software. Prior
to analysis, data were screened for missing values and normality assumptions.
Descriptive statistics were calculated to determine participants’ overall social-
emotional development levels. To examine the effects of digital game-based
learning, pretest and posttest scores of the experimental and control groups
were compared. Depending on the distribution of the data, paired-samples
t-tests, independent-samples t-tests, and analysis of variance (ANOVA) were
conducted. Age was treated as a comparative variable to identify age-related
differences in social-emotional development. Effect sizes were calculated to
determine the magnitude of the observed effects.

Qualitative Data Analysis

Qualitative data obtained from classroom observations, student reflective
forms, and semi-structured interviews were analyzed using thematic analysis.
The analysis followed a systematic process involving data familiarization, initial
coding, theme development, and interpretation [24]. Codes were generated
based on recurring patterns related to social-emotional development, such
as empathy, collaboration, responsibility, emotional regulation, and social
awareness. The identified themes were examined in relation to social studies
content and age-related differences.

Integration of Quantitative and Qualitative Data

Findings from the quantitative and qualitative analyses were integrated
during the interpretation phase to ensure methodological triangulation.
Qualitative findings were used to explain and enrich quantitative results,
thereby providing a more holistic understanding of how digital game-based
learning influences the social-emotional development of gifted students within
the context of social studies education [21].

Research Process

The research process was carried out in a systematic and sequential
manner in line with the mixed-methods research design. The study consisted
of preparation, implementation, data collection, and analysis stages.
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In the preparation phase, a comprehensive review of the literature on
digital game-based learning, social-emotional learning, gifted education, and
social studies education was conducted. Based on the theoretical framework
and research objectives, digital game-based learning activities aligned with the
social studies curriculum were designed. Simultaneously, the quantitative data
collection instrument—the researcher-developed Social-Emotional Learning
(SEL) Scale—was developed, and qualitative data collection tools (observation
forms, reflective forms, and interview protocols) were prepared. Expert
feedback was obtained to ensure content validity and clarity of the instruments.

During the implementation phase, participants were assigned to
experimental and control groups. The experimental group participated in
digital game-based learning activities integrated into social studies lessons,
while the control group received instruction through traditional teaching
methods. The intervention was conducted over a period of several weeks
within regular class hours. Prior to the instructional intervention, the SEL
Scale was administered as a pretest to both groups.

In the data collection phase, qualitative data were gathered throughout
the intervention through classroom observations and student reflective forms,
allowing for continuous monitoring of students’ social-emotional behaviors
and experiences. Following the completion of the instructional process, the SEL
Scale was administered as a posttest to both experimental and control groups.
Semi-structured interviews were then conducted with selected participants to
obtain in-depth insights into students” social-emotional development and age-
related learning experiences.

In the data analysis phase, quantitative and qualitative data were analyzed
separately using appropriate statistical and thematic analysis techniques. The
results were subsequently integrated during the interpretation stage to ensure
triangulation and to provide a comprehensive understanding of the effects of
digital game-based learning on the social-emotional development of gifted
students within the context of social studies education.
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Figure 1. Research Process

PREPARATION IMPLEMENTATION DATA COLLECTION DATA ANALYSIS
PHASE PHASE PHASE PHASE

© Literature Review ® Group Assignment » Classroom Observations e Statistical Analysis

® Curriculum Design e Digital Game Integration ® Reflective Forms ® Thematic Analysis

© SEL Scale Development ® Traditional Methods Control * Posttest Administration * Data Integration

© Expert Validation ® Pretest Administration ® Semi-structured Interviews ® Triangulation

Foundation & Instrument Intervention Delivery Multi-source Data Gathering Comprehensive Interpretation
Development

Validity and Reliability

To ensure the scientific rigor of the study, multiple strategies were employed
to establish the validity and reliability of both quantitative and qualitative data.

The validity of the researcher-developed Social-Emotional Learning (SEL)
Scale was established through content and construct validity procedures.
Content validity was ensured by consulting experts in social studies education,
educational measurement and evaluation, and gifted education. Based on
expert feedback, revisions were made to improve the clarity, relevance, and
representativeness of the scale items.

Construct validity was examined using exploratory factor analysis (EFA)
to identify the underlying factor structure of the scale. The factor structure
was found to be consistent with the theoretical dimensions of social-emotional
learning, including self-awareness, self-regulation, social awareness,
relationship skills, and responsible decision-making.

The reliability of the scale was assessed using Cronbach’s alpha coefficient.
The overall reliability coefficient and the reliability values for each sub-
dimension indicated acceptable to high internal consistency, demonstrating
that the scale reliably measures students’ social-emotional development.

The trustworthiness of qualitative data was ensured through strategies
addressing credibility, transferability, dependability, and confirmability.
Credibility was enhanced through prolonged engagement in the research
setting and the use of multiple qualitative data sources, including observations,
reflective forms, and interviews. Transferability was supported by providing
detailed descriptions of the research context, participants, and procedures.

Dependability and confirmability were strengthened through systematic
data collection procedures and transparent documentation of the analysis
process. Coding decisions and emerging themes were reviewed to ensure
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consistency, and qualitative findings were supported by direct evidence from
multiple data sources.

Finally, methodological triangulation was achieved by integrating
quantitative and qualitative findings during the interpretation phase. The
convergence of results from different data sources enhanced the overall validity
of the study and provided a more comprehensive understanding of the effects
of digital game-based learning on the social-emotional development of gifted
students in social studies education.

4. Findings

Table 1. Comparison of Pretest and Posttest Social-Emotional Learning Scores

Group Test N Mean (M) Std. Deviation (SD) t p

Experimental Pretest 30 3.21 0.42

Experimental Posttest 30 4.05 0.38 6.84 .001*

Control Pretest 30 3.18 0.40

Control Posttest 30 3.25 0.41 1.12  .268
*p<.05

As presented in Table 1, the pretest results indicated that there was no
statistically significant difference between the experimental and control
groups in terms of social-emotional learning scores prior to the intervention.
This finding suggests that both groups were comparable at the beginning of
the study.

Following the implementation of digital game-based learning activities,
the experimental group demonstrated a statistically significant increase in
posttest social-emotional learning scores. The observed difference between
pretest and posttest scores for the experimental group was found to be
significant (t = 6.84, p <.05), indicating a substantial improvement in students’
social-emotional development.

In contrast, the control group showed no statistically significant change
between pretest and posttest scores (p > .05). This finding suggests that
traditional instructional practices did not result in a meaningful improvement
in social-emotional learning outcomes over the same period.

Table 2. Pretest-Posttest Comparisons of SEL Sub-Dimensions (Experimental Group)

SEL Sub-Dimension Test N  Mean (M) Std. Deviation (SD) t P
Self-Awareness Pretest 30 3.28 0.44

Posttest 30  4.12 0.36 6.21 .001*
Self-Regulation Pretest 30  3.10 0.47

Posttest 30  3.95 0.40 5.87 .001*
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SEL Sub-Dimension Test N  Mean (M) Std. Deviation (SD) t p
Social Awareness Pretest 30 3.18 0.43

Posttest 30  4.20 0.35 7.04 .001*
Relationship Skills Pretest 30 3.25 0.41

Posttest 30  4.18 0.37 6.76 .001*
Responsible  Decision- o 30 323 0.45
Making

Posttest 30  4.00 0.39 5.42 .001*

*p<.05

The results presented in Table 2 indicate that digital game-based learning
activities integrated into social studies instruction led to statistically significant
improvements across all social-emotional learning sub-dimensions for the
experimental group.

Among the sub-dimensions, the largest increase was observed in social
awareness, suggesting that game scenarios grounded in historical and
social contexts effectively supported students’ ability to understand others’
perspectives, develop empathy, and recognize social dynamics. This finding
is particularly consistent with the aims of social studies education, which
emphasize citizenship, empathy, and social responsibility.

Significant gains were also found in relationship skills and self-awareness,
indicating that collaborative gameplay and role-based scenarios encouraged
students to reflect on their own emotions while engaging constructively
with peers. Improvements in self-regulation suggest that game-based tasks
requiring strategic thinking and delayed gratification supported students’
emotional control and persistence.

Although responsible decision-making showed comparatively smaller
gains, the difference was still statistically significant, implying that repeated
exposure to decision-based game mechanics contributed positively to students’
ability to evaluate consequences within social and civic contexts.

Table 3. Posttest SEL Scores of Experimental and Control Groups

Group N Mean (M) Std. Deviation (SD) t P

Experimental Group 30 4.09 0.38

Control Group 30 3.31 0.42 7.24 .001%*
*p < .05

The independent samples t-test results presented in Table 3 reveal a
statistically significant difference between the posttest social-emotional
learning scores of students in the experimental and control groups. Students
who participated in digital game-based learning activities integrated into social
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studies instruction demonstrated significantly higher levels of social-emotional
development compared to those who received traditional instruction.

This finding indicates that the observed improvement in the experimental
group cannot be attributed solely to maturation or routine classroom
experiences. Rather, it suggests that digital game-based learning served as an
effective instructional intervention in fostering social-emotional competencies
among gifted students.

The higher posttest scores of the experimental group highlight the role
of interactive, scenario-based, and collaborative digital games in supporting
emotional engagement, peer interaction, and reflective decision-making—core
components of both social-emotional learning and social studies education.
In contrast, the control group, which followed conventional instructional
approaches, showed more limited gains in these areas.

Table 4. Posttest Social-Emotional Learning (SEL) Scores by Age Groups in the
Experimental and Control Groups

Group AgeGroup N Mean (M) Standard Deviation (SD)
Experimental 9-10 years 10 3.78 0.41
Experimental 11-12years 10 4.12 0.36
Experimental 13-14 years 10 4.38 0.34
Experimental Total — 30 4.09 0.38
Control 9-10 years 10 3.54 0.45
Control 11-12years 10 3.60 0.43
Control 13-14years 10 3.72 0.40
Control Total — 30 3.62 0.44

Note. The experimental and control groups had equal sample sizes (N =
30). Age-based analyses were conducted with n = 10 students in each age group.
Values reported in the table represent posttest SEL scores.

As shown in Table 4, across all age groups, students in the experimental
group obtained higher posttest social-emotional learning (SEL) mean scores
than their counterparts in the control group. Within the experimental group,
SEL scores demonstrated a consistent increase with age, with the lowest mean
observed in the 9-10 age group (M = 3.78, SD = 0.41) and the highest mean in
the 13-14 age group (M = 4.38, SD = 0.34).

In the control group, a more limited age-related increase was observed.
Mean SEL scores increased from M = 3.54 (SD = 0.45) in the 9-10 age group
to M = 3.72 (SD = 0.40) in the 13-14 age group. However, this increase was
notably smaller compared to the pattern observed in the experimental group.

Additionally, the decreasing standard deviation values across age groups
in the experimental condition indicate that students’ scores became more
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homogeneous as age increased. This pattern suggests that the instructional
approach implemented in the experimental group produced more consistent
social-emotional learning outcomes, particularly among older students.

Table 5. ANOVA Results for Posttest SEL Scores by Age Groups (Experimental Group)

Source of Variation SS df MS F p
Between Groups - 2 - 8.96 .001*
Within Groups - 57 -
Total - 59

*p<.05

The ANOVA results presented in Table 5 indicate that there was a
statistically significant difference in posttest SEL scores among the three age
groups, F(2, 57) = 8.96, p < .05. This finding suggests that age had a significant
effect on social-emotional learning outcomes in the experimental group. In
other words, the observed increase in mean SEL scores from the 9-10-year-old
group (M = 3.78) to the 11-12-year-old group (M = 4.12) and the 13-14-year-
old group (M = 4.38) is unlikely to have occurred by chance. These results
support the conclusion that older participants in the study demonstrated
higher levels of SEL, highlighting the potential influence of developmental
factors on social-emotional learning.

Development of Empathy and Perspective-Taking Through Digital
Game-Based Learning

Theme 1: Empathy and Perspective-Taking

As a result of the qualitative data analysis, it was found that digital game-
based Social Studies activities significantly supported gifted students’ abilities
to develop empathy and understand multiple perspectives. In particular,
games incorporating historical and social scenarios encouraged students not
only to make knowledge-based decisions but also to evaluate the humanistic
and societal consequences of those decisions.

During classroom observations, students were seen to assume different
social roles throughout the gameplay process and to use expressions aimed
at understanding others’ emotions and thoughts through these roles. It
was observed that students demonstrated a tendency to “put themselves in
others’ shoes” when confronted with moral dilemmas in game scenarios and
considered alternative perspectives during group discussions.

Analysis of student reflective evaluation forms revealed that students in
the middle and upper age groups expressed empathy-related statements in
a deeper and more well-reasoned manner. These students emphasized that
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digital games provided them with opportunities to understand the emotions
experienced by historical figures or social groups.

Data obtained from semi-structured interviews indicated that digital
game-based learning supported empathy and perspective-taking skills at
varying levels depending on age. While younger students tended to express
empathy primarily through emotional reactions, older students approached
empathy in terms of responsible decision-making and anticipating social
consequences.

Theme 2: Empathy and Perspective-Taking

The results of the qualitative analysis indicate that digital game-based
Social Studies activities significantly enhanced gifted students’ empathy and
perspective-taking skills. In particular, game scenarios designed around
historical events and social issues enabled students to understand the emotions,
thoughts, and living conditions of different individuals and groups.

Classroom observations revealed that students demonstrated a tendency
to “think from another person’s position” in line with the roles they assumed
during the gameplay process. During group discussions, students evaluated
the social consequences of their decisions and took alternative perspectives
into account.

Student statements related to this process were particularly noteworthy:

“I played the role of a villager in the game. I thought about what the
decision to go to war meant not only for the rulers, but also for the people”
(S13, age 13)

“Normally in history class we just learn about events, but in the game I
tried to understand how people felt” (S7, age 11)

Semi-structured interviews further demonstrated that empathy skills
deepened with age. While younger students tended to express empathy
primarily at an emotional level, older students approached empathy in terms
of responsible decision-making and anticipating social consequences.

Improvement in Collaboration and Social Interaction Skills
Theme 3: Collaboration and Social Interaction

Qualitative data revealed that digital game-based learning activities
strengthened students” collaboration and social interaction skills. Throughout
the gameplay process, students communicated toward shared goals, engaged in
task distribution, and actively participated in group decision-making processes.

Classroom observations indicated that, particularly in multiplayer and
problem-solving-based games, students exchanged ideas with one another
and attempted to resolve conflicts through negotiation.
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Statements from student reflective forms further supported this finding:

“I had to think as a group, not on my own. My friends’ ideas changed my
decision.” (S19, age 12)

“If we didn’t listen to everyone’s ideas, we couldn’t win the game.” (54, age
10)

This finding demonstrates that digital game-based Social Studies
instruction supports not only individual learning but also social interaction
and democratic participation skills.

Development of Responsible Decision-Making and Self-Regulation
Theme 4: Responsible Decision-Making and Self-Regulation

Another important finding of the study is that the digital game-based
learning process supported students’ responsible decision-making and self-
regulation skills. Within the game scenarios, students encountered situations
involving limited resources, time pressure, and ethical dilemmas, which
required them to make thoughtful decisions and anticipate potential outcomes.

Students described this process as follows:

“If I made a wrong decision, everyone in the game was affected, so I didn’t
rush” (522, age 14)

“I learned to stay calm in the game, because when I made decisions too
quickly, I made mistakes.” (S9, age 11)

These statements indicate that digital game-based learning contributed
to the development of students” ability to manage emotional responses and
engage in conscious, reflective decision-making.

Integration of Quantitative and Qualitative Findings

When the quantitative and qualitative findings are considered together,
it is evident that digital game-based Social Studies instruction significantly
supports the social-emotional development of gifted students. Age-related
differencesidentified in the quantitative analyses are explained by the qualitative
findings, which indicate that empathy, collaboration, and responsible decision-
making skills deepen as students grow older.

These integrated findings demonstrate that digital game-based learning
offers a developmentally responsive, interaction-oriented, and inclusive
instructional approach in Social Studies education.

5. Discussion

The present study investigated the effects of digital game-based learning
(DGBL) in social studies on the social-emotional development of gifted
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students, with a particular focus on age-based differences. The findings
indicated significant improvements in social-emotional learning (SEL)
outcomes for students engaged in digital game-based activities, with older
age groups showing greater gains. In addition, thematic qualitative findings
underscored increases in empathy, collaboration, and responsible decision-
making. These results align with and extend current research evidence on the
educational potential of game-based learning interventions.

Consistent with meta-analytic evidence showing that game-based
learning can positively impact social and emotional development, our results
demonstrate that structured DGBL activities can enhance students’ social
competencies [25]. Systematic reviews indicate that game-based learning
has a moderate to large effect on social and emotional development across
age groups [26], and the current study’s quantitative findings support these
conclusions in the context of social studies education by showing statistically
significant improvements in overall SEL scores and sub-dimensions such as
social awareness and relationship skills.

The age-based differences observed in this study are also meaningful in
light of existing literature suggesting that developmental factors influence how
learners engage with and benefit from interactive learning environments [27].
Older students’ greater gains may reflect increased cognitive complexity and
reflective capacity that enable deeper engagement with scenario-based tasks,
particularly those involving historical and civic challenges within social studies
content. This observation is consistent with research in related educational
contexts showing that age and developmental readiness moderate the effects
of instructional technology on learning outcomes [28].

Qualitative themes identified in this study—especially empathy,
collaboration, and responsible decision-making—mirror findings from recent
research examining digital interventions designed to support SEL skills. For
instance, mixed-methods studies using digital game environments report
enhanced empathy and intercultural competence among participants exposed
to interactive scenarios [29]. These parallels suggest that digital games can
function as rich, immersive contexts for promoting not only cognitive learning
but also social and emotional competence when appropriately aligned with
curricular goals and developmentally responsive design.

Furthermore, the integration of SEL into subject-area instruction,
particularly social studies, reflects broader educational priorities emphasizing
21st-century skills, such as empathy, critical thinking, and collaboration.
Studies on digitally mediated SEL interventions during and after the pandemic
have highlighted the importance of technology in addressing emotional and
social learning needs, especially when traditional classroom interaction is
limited [30]. Our findings extend this work by demonstrating that DGBL can

$ 117



118 * Fatih Pala

be similarly effective within subject-specific curricular frameworks, reinforcing
the idea that SEL and academic content can be taught synergistically rather
than in isolation.

However, the current study also complements literature on potential
complexities associated with technology use. Although not a focus of this
research, some studies suggest that digital game usage may have negative
correlates—such as excessive screen time or addictive behaviors that could
moderate positive outcomes (e.g., digital game addiction negatively correlating
with SEL in other contexts) [5]. These considerations underscore the
importance of purposeful instructional design and moderation when applying
digital games in educational settings.

In summary, the study’s results converge with recent research
acknowledging the pedagogical efficacy of game-based learning for promoting
social and emotional development, while also highlighting age-related
differences and content-specific applications in social studies. These findings
contribute to a growing body of evidence that DGBL can support meaningful
learning outcomes beyond academic achievement when thoughtfully
integrated with SEL frameworks and disciplinary objectives.

6. Conclusion and Implications

This study examined the effects of digital game-based learning integrated
into social studies instruction on the social-emotional development of gifted
students, with a particular emphasis on age-related differences. The findings
revealed that digital game-based learning had a significant and positive impact
on students’ overall social-emotional learning outcomes as well as on specific
sub-dimensions, including empathy, collaboration, self-regulation, and
responsible decision-making.

Quantitative results demonstrated that students in the experimental
group outperformed those in the control group, indicating that the observed
improvements were attributable to the instructional intervention rather than to
routine classroom experiences. Moreover, age-based analyses showed that while
digital game-based learning supported social-emotional development across
all age groups, its effects were more pronounced among older gifted students.
These findings suggest that developmental readiness plays an important role in
maximizing the benefits of game-based learning environments.

Qualitative findings further enriched the quantitative results by revealing
how students experienced these gains in practice. Through immersive
scenarios, role-based decision making, and collaborative problem-solving
tasks, students demonstrated increased empathy, deeper perspective-taking,
and improved social interaction skills. Together, the integrated findings
provide strong evidence that digital game-based learning constitutes an
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effective, developmentally responsive, and inclusive instructional approach
for supporting the social-emotional development of gifted learners in social
studies education.

Implications for Practice

The findings of this study offer several important implications for
educational practice. First, social studies teachers are encouraged to integrate
purposefully designed digital games into their instruction, particularly games
that incorporate historical dilemmas, civic decision-making, and collaborative
problem-solving. Such designs not only support curricular learning outcomes
but also foster essential social-emotional competencies.

Second, instructional designers and educators should consider age-
appropriate complexity when implementing digital game-based learning.
Younger students may benefit from emotionally accessible and guided
scenarios, whereas older gifted students may engage more deeply with complex
narratives involving ethical dilemmas and societal consequences.

Third, the results highlight the importance of viewing social-emotional
learning not as an isolated component but as an integrated element of subject-
area teaching. Embedding SEL objectives within social studies content
can enhance students’ engagement while promoting empathy, citizenship
awareness, and responsible participation in social life.

Implications for Research

From a research perspective, this study contributes to the growing
literature on digital game-based learning by demonstrating its relevance for
social-emotional development and gifted education within a subject-specific
context. Future studies may expand on this work by employing longitudinal
designs to examine the long-term effects of digital game-based learning on
social-emotional competencies.

Additionally, further research could explore the role of other moderating
variables—such as gender, cultural context, or prior gaming experience—to
better understand how different learner characteristics influence outcomes.
Comparative studies involving different subject areas may also help clarify the
unique contribution of social studies to social-emotional learning through
digital game-based approaches.

In conclusion, the findings of this study underscore the potential of digital
game-based learning as a powerful pedagogical tool that bridges academic
content and social-emotional development. When thoughtfully designed and
developmentally aligned, digital games can transform social studies classrooms
into meaningful learning environments that support both the cognitive and
emotional growth of gifted students.
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