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Abstract

This paper presents a model for reimagining science learning during the early childhood
years through storybook reading. Much of the research on storybooks in early childhood has
emphasized how storybooks promote knowledge acquisition in literacy, social–emotional
learning, and science. This model proposes that shared science storybook reading, through
interactions with adults and society, integrates these domains and encourages the develop-
ment of skills critical to success in science fields such as persistence in the face of failure
and growth mindset. The model is situated within two theoretical frameworks: a social
interactionist framework that adult–child interactions during a shared storybook reading
can advance children’s learning and an ecological systems framework, which highlights
how early development occurs in informal and formal learning environments in preschool
through second grade, and within the context of larger societal values surrounding science.
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1. Introduction
In 2022, the Florida Department of Education reported that approximately 41% of

mathematics textbooks (71% were for grade levels K-5) submitted to the state were rejected
due to prohibited topics such as social emotional learning in mathematics, inclusions of Common
Core and references to critical race theory. Defending Florida’s rejection of the mathematics
textbooks, Governor Ron DeSantis argued that “math is about getting the right answer.
And we want kids to learn to think so they can get the right answer. It is not how you feel
about the problem” (New York Times). In the domain of science, the inclusion of science
topics like the theory of evolution and climate change in science textbooks and curricula
has been an area of controversy in the US for decades. Despite consensus among scientists
about these topics, they remain politically controversial (Schwartz, 2023). In recent years
there has been a spate of proposed state bills across the country that would force science
teachers to present both sides of controversial science topics, even though one side has
no scientific basis (Schwartz, 2023; Summers, 2024). Whether or not these bills become
law, these attempts by states to enforce a rigid pedagogical approach around science and
mathematics have implications for practices in all STEM (science, technology, engineering,
and mathematics) fields, as these fields have historically been grouped together and viewed
as requiring integrated skillsets (see Roehrig et al., 2021). In this paper, we focus on early
science education while recognizing that STEM fields are interconnected and that the
proposed framework may have implications across STEM fields. The goal of early science
learning is not solely about getting the right answer, but about developing 21st century
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skills such as critical thinking, creativity, and problem-solving that will prepare students to
enter an increasingly complex workforce (National Research Council, 2013). In a world of
misinformation, such scientific and critical thinking skills are foundational skills to prepare
children from a young age to be “critical consumers of knowledge” (e.g., evaluate evidence,
determine reliable and trustworthy source of information, make data-driven decisions) in
daily activities (National Academies of Sciences, Engineering, and Medicine et al., 2021).

The goal of this review paper is to present a model of children’s science learning via
storybooks during the early childhood years that acknowledges success in science as not
only an opportunity for knowledge acquisition, but also as a dynamic process that requires
social–emotional learning skills, literacy, and adult–child interactions. This review paper
aims to address three important ideas:

1. Young children can learn science through storybooks and conversations with adults
during scientific storybook interactions, which facilitate engagement in science.

2. There is more to science learning than just content knowledge: children’s sense of be-
longing, understanding of science as a process (and the relation between failure, effort,
and success in science) and motivation are important constructs when considering
how to engage young children in science.

3. Science storybooks are one tool for engaging all children (including children from
underrepresented groups in science fields) in science during the early childhood years
by integrating core literacy, science, and social–emotional skills.

2. Integrating Theory and Practice of Shared Science Storybook Reading
in Early Childhood

Our model draws on social interactionist and ecological systems frameworks as well
as growing literature in psychology and education to examine how children’s science
learning during the early childhood years occurs through scaffolded social interactions and
conversations during shared storybook reading sessions with more knowledgeable others
(Bronfenbrenner, 1977; Rogoff, 2003; Vygotsky, 1978). Arguably, the early childhood years
are a critical time to foster children’s engagement, learning, and interest in science, setting
the foundation for science education in formal schooling. From a young age, the language
in conversations with adults (including teachers and caregivers) during scientific storybook
reading interactions can enhance or diminish children’s science learning and the extent to
which they feel a sense of belonging in science (e.g., Haber et al., 2024; Leech et al., 2020;
McGuire et al., 2020; Miller-Goldwater et al., 2023, 2024; Rhodes et al., 2019; Shirefley et al.,
2020; Shirefley & Leaper, 2022). We highlight a few key reasons for why our paper focuses
on children’s science learning during the early childhood years.

First, from a young age, children are very curious individuals, and they can learn
a great deal of knowledge about the world around them through direct exploration, ex-
perimentation and play (e.g., Jirout & Newcombe, 2015), museum and zoo visits (e.g.,
Callanan et al., 2020), and storybook reading (e.g., Ganea et al., 2011; Haber et al., 2024;
Kelemen et al., 2014; Miller-Goldwater et al., 2024). However, in the science domain,
children may rely on information from others to learn about more complex scientific
processes such as electricity or how rainbows form (e.g., Haber et al., 2021; Haber et al.,
2022b; Leech et al., 2020). Although adults many spontaneously provide information to
young children, children often acquire knowledge from adults by asking questions (e.g.,
Butler et al., 2020; Chouinard, 2007). Indeed, children can acquire scientific information
by directing questions (e.g., “why do leaves change color?”, “why are there clouds in the
sky?”) to teachers and caregivers. Children’s early scientific conversations (adult–child
question–response follow-up exchanges) can foster children’s science learning during the
early childhood years (Butler et al., 2020; Haber et al., 2021; Haber et al., 2022a). However,



Educ. Sci. 2025, 15, 1361 3 of 18

research indicates that by the time children enter K-12 schooling, there is a significant
decline in the number of questions children ask, suggesting that the early childhood (pri-
marily the preschool years), is a critical timepoint for fostering children’s curiosity and
question-asking behavior in the science domain.

Second, despite children’s early interest in engaging in scientific activities during
the early preschool years, by middle childhood, children’s sense of belonging in science
declines, which is especially true among girls as well as children from racial and ethnic
minoritized or lower-socioeconomic status backgrounds (groups that are underrepresented
in STEM fields, e.g., Lei et al., 2019). Further, research indicates significant disparities in
children’s motivation to participate in science activities, which only grows with age in K-12
schooling and higher education (e.g., Bian et al., 2017; Curran & Kellogg, 2016; Curran &
Kitchin, 2019; Niu, 2017; Rhodes et al., 2020). Thus, the early childhood years are a critical
time for understanding children’s science learning. More specifically, we present a model
of exploring science learning through storybooks that acknowledges success in science as
more than knowledge acquisition, but as a dynamic process that requires social–emotional
learning skills, literacy, and adult–child interactions.

2.1. Social Interactionist Framework

The social interactionist framework provides a critical framework for understanding
how children acquire knowledge about the world (especially in the science domain) through
social interactions with learning partners during the early childhood years. According to a
social interactionist framework, children learn information not just from their own firsthand
experience, but through interactions and conversations with more knowledgeable social
others such as caregivers and teachers (Vygotsky, 1978). Through scaffolded interactions
and conversations, adults can activate their prior knowledge and guide children’s early
learning within their “zone of proximal development” (Callanan et al., 1995, 2020; Crowley
et al., 2001a, 2001b; Legare et al., 2017; Luce et al., 2013; Rogoff, 2003; Willard et al., 2019).
Drawing on this approach, learning is embedded in meaningful, guided interactions and
activities including shared storybook reading with others (Legare et al., 2017; Rogoff, 2003;
Siegel et al., 2007; Tenenbaum & Callanan, 2008).

We argue that storybooks can be one effective tool for scaffolding children’s science
learning by providing caregivers and teachers with developmentally appropriate and
scientifically accurate information that children may not encounter in everyday conver-
sations in home or classroom settings (Leech et al., 2020; Miller-Goldwater et al., 2023,
2024; Shirefley et al., 2020; Shirefley & Leaper, 2022). To date, storybooks have traditionally
been studied in relation to children’s literacy and mathematical learning. An extensive
body of research indicates that reading storybooks with adults (e.g., caregivers, teachers) is
associated with gains in children’s vocabulary development, emergent literacy and reading
comprehension skills, understanding of numerical concepts, and more generally speaking,
children’s school readiness skills (e.g., Anderson et al., 2005; Brown et al., 2020; DeBaryshe,
1995; Demir-Lira et al., 2019; Duncan et al., 2007; Farrant & Zubrick, 2013; Flack et al., 2018;
Fletcher & Reese, 2005; Frijters et al., 2000; Hendrix et al., 2019; Horst & Houston-Price,
2015; Leech et al., 2022; McNally et al., 2023; Mol et al., 2008; Raikes et al., 2006; Scarborough
& Dobrich, 1994; Sénéchal et al., 1996; Shahaeian et al., 2018; Uscianowski et al., 2020; Van
den Heuvel-Panhuizen et al., 2009, 2016; Wasik et al., 2016).

In the science domain, conversations and interactions during shared book reading
sessions with adult learning partners create opportunities for children to ask questions (pri-
marily “why” questions about the world) prompting adults to offer scientific explanations
(e.g., providing information regarding causal mechanisms) about scientific phenomena
or process that children cannot always learn through firsthand exploration, and in turn,
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this exchange may enhance or diminish children’s engagement in science during the early
childhood years (Callanan et al., 2020; Callanan & Jipson, 2001; Crowley et al., 2001a, 2001b;
Haber et al., 2021, 2022b; Haden, 2010; Haden et al., 2014; Leech et al., 2020; Leech, 2024;
Tenenbaum et al., 2005; Willard et al., 2019). In early childhood, adults play a significant
role in supporting children’s early literacy through shared storybook reading. Shared
storybook reading between adults and children can promote extratextual talk (language not
in the storybook) about science through, for example, the use of dialogic reading prompts
and talk focusing on scientific processes (e.g., questions, explanations), and can provide
opportunities for promoting a sense of belonging and science learning and contribute
to children’s literacy and language skills (e.g., Fletcher & Reese, 2005; Haber et al., 2024;
Haden et al., 2023; Leech et al., 2022; Miller-Goldwater et al., 2023, 2024; Purpura et al.,
2017; Shirefley & Leaper, 2022; Shirefley et al., 2020; Zevenbergen & Whitehurst, 2003). In
early childhood settings, adults read to children either in dyads, small groups, or a larger
classroom setting is common. Often, children are not yet reading or are just learning how
to read and therefore cannot access information directly from books on their own. Thus,
early childhood caregivers have an opportunity not only to read the story text, but also to
build on the content of the storybook via question-asking and explanation exchanges in
order to engage children and promote dialogue, vocabulary, social–emotional learning, and
science concepts (to list just a few of the relevant possibilities).

2.2. Ecological Systems Theory

Ecological systems theory (EST) provides another useful framework for understanding
how science storybooks impact young children’s science learning and motivation. EST
considers how a child’s development is influenced by the complex, dynamic interplay
of their environment with the people and places around them (Bronfenbrenner, 1977).
Bronfenbrenner (1977) defines four primary systems in a child’s environment that impact
their development: the microsystem (individual, family, and school-level interactions), the
mesosystem (the relations between microsystems such as a parent attending their child’s
school open house), the exosystem (indirect systems that may impact a child such as a
parent being laid off), and the macrosystem (broader socio-cultural values such as indi-
vidualism or patriarchy). Of these four systems, the most relevant to our proposed model
are the microsystems and the macrosystems. At the level of the microsystems, storybook
reading provides opportunities for interactions between parents, teachers, and children
surrounding storybook content. Prior work has used EST to examine how shared book
readings in the home learning environment relate to language development (Grolig, 2020).
These interactions are not limited to the words in the storybook, but can be built upon
through relevant question-response exchanges between adults and children. At the level
of the macrosystem, the production of science storybooks is impacted by prevailing socio-
cultural beliefs and values about who belongs in science and what skills are required to
succeed in science subjects in school and in the science workforce (e.g., Michell et al., 2018).
For example, some research has shown that children’s perceptions of science are broad-
ened after reading science storybooks featuring diverse characters, but other work has
reported that science picture books continue to feature primarily White, male characters
(Finson et al., 2018; Sharkawy, 2009; Sharkawy, 2012). These societal values can also trickle
down to the microsystems, impacting the ways in which adults and children talk about
science during a shared storybook reading (consider Grolig, 2020). Because science story-
books disproportionately feature White, male protagonists, the selection of diverse and
inclusive science storybooks is one way to guide adult–child conversation toward a broader
understan ding of what it means to be a scientist. Even if the storybook features a White,
male protagonist, adults can help guide the conversation by asking questions and prompt-
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ing discussion that promote all children’s science interest and engagement (see the next
section for specific details on inclusive conversational practices).

In expanding on EST, Bronfenbrenner (1986, 1994) added the chronosystem to his
model of an individual’s development. The chronosystem refers to an individual’s develop-
ment across the lifespan as well as to the changes in the environment over historical time.
In our model, we especially consider the latter aspect of the chronosystem. In particular, we
consider the ways in which societal values and beliefs about gender and race have changed
across decades and centuries, impacting the ways in which adults talk about what it means
to be a scientist.

The proposed model integrates social interactionist and ecological systems theories,
recognizing the importance of adult–child interactions to development and acknowledging
that these one-to-one interactions occur within the larger context of a given society. By
integrating the two frameworks (rather than relying on a single theoretical lens), we can
explore children’s learning at multiple levels: within larger contexts and at the level of one-
to-one interactions. Storybook reading is a particularly interesting interaction to explore
within this integrated framework because (a) the words and images in storybooks can
reproduce societal values of a given time and (b) adults have an opportunity to add to
the storybook’s message, by asking questions, making comments, and drawing children’s
attention to aspects of the story that they find most useful.

Importantly, we are not arguing that shared storybook reading experience are the
best or only way to further enhance children’s engagement in science during the early
childhood years. We acknowledge that there are situations where shared storybook reading
may be less accessible for families, particularly for families with limited literacy practice,
lower literacy levels or for whom shared reading does not adhere to cultural norms or
family values. For example, some research on Black families has demonstrated how
oral storytelling traditions focusing on narrative scaffolding contribute to children’s early
scientific thinking skills by making personal connections to scientific concepts and processes
in the natural world (e.g., Bang et al., 2014; Gardner-Neblett, 2024; Gardner-Neblett &
Alvarez, 2024). We acknowledge that are other ways to engage children during the early
years in science learning (see Wan et al., 2021 for review) including a focus on programming
robots (e.g., Kazakoff et al., 2013; Sullivan & Bers, 2016, 2018), engineering design (e.g.,
Malone et al., 2018; Tank et al., 2018), and digital games (e.g., Schroeder & Kirkorian, 2016).
However, a primary goal of storybooks in early childhood education is to convey content
knowledge to young children. We argue that scientific storybooks are one (underutilized)
way to build on practices that families may be engaging in to broaden our understanding
of science learning in early childhood. Researchers have explored the use of storybooks
in early childhood learning across many domains, including mathematics, literacy, social–
emotional learning, moral reasoning, and science (e.g., Dore et al., 2017; Ganea et al., 2011;
Purpura et al., 2023; Spencer et al., 2012; Strouse et al., 2018; Tare et al., 2011). Further,
findings from other work highlight how families from diverse backgrounds engaging in
book reading with young children at home (e.g., Bus et al., 1995; Haden et al., 2023; Nieto
et al., 2019; Shirefley et al., 2020). Thus, it is clear that researchers recognize the value of
storybooks as dynamic, accessible, and developmentally appropriate tools in fostering
children’s science learning during the early childhood years.

3. Scientific Storybooks as a Collaborative Tool for Enhancing Science
Engagement and Learning During the Early Childhood Years

The proposed model (see Figure 1) illustrates the mechanisms through which science
storybooks integrate core literacy, scientific, and social–emotional skills to foster children’s
engagement and learning in science. Our model aligns with and builds upon recent discus-
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sions about how children ‘learn through language’ (Rowe & Snow, 2020); social interactions
provide children with more than just language learning opportunities. Whereas children
in elementary school classrooms in 2019 spent over 90 min on English Language Arts
and nearly 60 min on math, fewer than 20 min per day were spent on science (National
Academies of Sciences, Engineering, and Medicine et al., 2021). We argue that such scaf-
folded, shared scientific storybook interactions create learning opportunities that integrate
core literacy, scientific and social–emotional skills. Because storybooks are accessible and
often cost-effective, they provide one way of engaging all children, including children from
underrepresented groups in science.

 
Figure 1. Model illustrating how shared science storybook reading impacts children’s early science
learning and is impacted by adult–child interactions and societal values over time.

First, as noted above, storybooks foster children’s early oral literacy and language
skills and introduce them to new vocabulary not found in everyday conversations in
home or school environments (e.g., Mol et al., 2008; Wasik et al., 2016). In the domain
of mathematics, research has shown that the incorporation of mathematical language,
quantitative and spatial words that represent key mathematical concepts (e.g., several,
fewer, above, between) in storybooks (Purpura & Reid, 2016; Purpura et al., 2017) fosters
children’s math learning. In the domain of science, storybooks can be particularly useful
as many science concepts cannot be learned through first-hand experience alone. For
example, researchers have explored storybooks as a method for helping young children
learn complex science topics such as balance, evolution, natural selection, and electricity
(e.g., Aydin et al., 2021; Brown et al., 2020; Emmons et al., 2018; Ganea et al., 2011; Kelemen
et al., 2014; Leech et al., 2020; Purpura et al., 2017, 2023). Indeed, Strouse et al. (2018) provide
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a comprehensive review of which features of storybooks have been shown to impact
young children’s learning in the domains of biology, physics, and general problem solving.
Through interactions during storybook reading sessions, adults, including caregivers and
teachers, can encourage children to make personal connections to the story as well as
activate their prior knowledge about a topic (Haber et al., 2024).

Second, science learning in K-12 schooling is grounded in eight core practices, includ-
ing asking questions, engaging in argument from evidence, and constructing explanations
(National Research Council, 2013). As important as it is to convey science content knowl-
edge to young children, it is also critical to engage young children in the process of science
and provide them with the tools they need to persist through that process (e.g., asking
questions, constructing explanations from evidence, developing multiple solutions to solve
problems). Caregiver-child interactions during shared scientific storybook reading create
opportunities to foster both children’s understanding of scientific content as well as foster
their understanding of the relation between effort, failure, and success in the science domain
(e.g., Haber et al., 2024; Leech et al., 2020; Shirefley et al., 2020; Miller-Goldwater et al., 2023,
2024). Although science fields are stereotyped as requiring innate intelligence to succeed,
the methods of science involve failure as a rule (Chestnut et al., 2018; Leslie et al., 2015).
In order to succeed, one must have the motivation to persist in the face of initial setbacks
and failure (Chestnut et al., 2018). Attribution theory provides a helpful framework for
understanding how failure in science could lead either to persistence or to quitting (Gra-
ham, 2020; Kumar et al., 2023). When a child fails in theory, their attribution of why they
failed impacts their near and potentially distant future decision-making. Determining these
attributions are complex and comprises many factors. As an example, if they attribute the
failure to a lack of innate intelligence (i.e., something they cannot change and that they
see as critical to success), then they may decide not to persist, whereas if they attribute
the failure to a lack of hard work or to being unlucky (both of which are malleable), they
may decide to persist. Additionally, attribution theory acknowledges the role of affect
in certain outcomes (Graham, 2020). If the outcome is a failed experiment, a child may
feel frustrated, angry, sad, or other negative emotions, coloring their attributions of the
failure. Adults can assist in two ways. First, by reframing what a failed experiment repre-
sents in the context of science such that the “failure” is seen as a part of the process and
even a part of the process that can be fun, exciting, and something that sparks curiosity.
And second, by helping children learn how to acknowledge negative feelings and then
work through feelings of frustration constructively. Recent work has begun to explore
science storybooks as a way to boost young children’s persistence and science interest (e.g.,
Haber et al., 2022a, 2024). Such practices highlight the importance of process (i.e., skills
necessary to effectively participate in science) in addition to content in science learning.

Third, social–emotional learning (SEL) can be defined as “the process through which
all young people and adults acquire and apply the knowledge, skills, and attitudes to
develop healthy identities, manage emotions and achieve personal and collective goals,
feel and show empathy for others, establish and maintain supportive relationships and
make responsible and caring decisions” (Collaborative for Academic, Social and Emotional
Learning, 2020). SEL has been linked to high academic achievement from preschool to
adolescence (e.g., Durlak et al., 2022). SEL is a broad topic and involves many intersecting
competencies and constructs. The Collaborative for Academic, Social, and Emotional Learn-
ing (CASEL) framework provides five core competencies for building SEL: self-awareness,
self-management, responsible decision-making, relationship skills, and social awareness
(Collaborative for Academic, Social and Emotional Learning, 2020). For the sake of clarity
and concision, in this paper, we are targeting two of these competencies: self-awareness
and relationship skills. Self-awareness encompasses a child’s emotional understanding and



Educ. Sci. 2025, 15, 1361 8 of 18

ability to identify their emotions and connect those emotions to their beliefs (Collabora-
tive for Academic, Social and Emotional Learning, 2020). Relationship skills include the
ability to collaborate, communicate, and problem solve in group settings (Collaborative for
Academic, Social and Emotional Learning, 2020). The ability to understand one’s emotions
in developmentally appropriate ways and to build positive relationships with peers and
adults is critical to children’s success in the world. It is also critical to children’s success in
the domain of science because in order to be successful in science, children must be able to
navigate the complex emotions that can emerge from failing at a science task and must be
able to engage in constructive problem solving and collaboration with peers and adults on
scientific topics.

The center of our model (represented by a star in Figure 1) illustrates what we argue
to be the impact of shared storybook reading on children’s early motivation and learning
in science. Children’s early engagement in science is often influenced by their approaches
to learning. The goal of this paper is not to present an exhaustive list of approaches to
learning, but to highlight a few approaches that we argue are the foundation of science
learning and engagement during the early childhood years. In particular, we focus on
several approaches to learning at the center of the model, including children’s beliefs about
success and failure, achievement motivation, persistence, and sense of belonging in science.

3.1. Beliefs About Success and Failure Impact Motivation and Persistence

How do children respond to setbacks and failure during science activities? How
might their beliefs about failure and success in science impact their motivation to pursue or
interest in science activities? Imagine a child who is attempting to balance a scale (exploring
about scientific concepts such as weight, cause and effect, balance, simple machines), it
might take them multiple attempts to correctly place objects of varying weights on the scale
before it is straight. Importantly, if a child becomes frustrated that the scale is not straight
after trying the first objects, the child might decide that they are no longer interested
in the activity. Children’s achievement motivation, which is conceptualized here as a
“constellation of beliefs and behavior” impacting multiple facets of children’s early learning
including their performance, the extent to which they decide to engage in challenging tasks,
and their beliefs about success and failure (Bempechat & Mirny, 2005).

In the domain of science, there is a pervasive view that success requires innate bril-
liance to succeed and this stereotype influences children’s decision-making and beliefs
about themselves and others (e.g., Chestnut et al., 2018; Master et al., 2016). It also impacts
their motivation to engage in activities where innate brilliance is seen as the key to success.
For example, prior work has found that six-year-olds girls are more likely to choose to play
a game designed for children who “work very hard” (emphasizing effort) over a game
designed for children who are “very smart” (emphasizing brilliance; Bian et al., 2017).
Related work demonstrates that when 4- and 5-year-old children hear a story about a
famous scientist who achieved success through effort (rather than brilliance), they were
more likely to persist longer on a challenging task (Haber et al., 2022a, 2024). Thus, science
storybooks integrating science topics with social–emotional learning can impact children’s
approaches to learning and their early motivation to engage in science activities.

Motivation is also influenced by an individual’s beliefs about and attributions for
success, failure, and intelligence (Dweck, 2008; Graham, 2020). For example, imagine
Sage, a child in a second-grade classroom who, as part of a science lesson, has been asked
to develop a vehicle that will move from one point to another as fast as possible using
everyday materials that her teacher has provided to her. Her teacher has remarked that all of
the students are being scientists. Sage has attempted to create three vehicles so far, but all of
them have fallen apart or stopped before the finish line. Returning to attribution theory as a
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framework, Sage’s response to this failure is related to her attribution for why she failed. On
one hand, Sage may develop a belief that she is bad at science. She may very well attribute
her failure to lack of ability, an attribution that tends to be viewed by children as internal,
stable, and uncontrollable, which in turn is likely to foster a fixed view of her science ability
(Dweck, 2008; Weiner et al., 1987; Weiner, 2010). Alternatively, she may attribute her failure
to lack of effort, which tends to be interpreted as something that is internal, unstable, and
controllable, which would likely foster a view of her science ability as malleable fostering
more of a growth mindset (Dweck, 2008; Weiner, 2010). These early attributions for success
and failure can lay a foundation for future self-perception of science, ability, decision
making, and academic success (e.g., Graham, 2020; Tang et al., 2024). Indeed, some work
on mindset has shown that middle school and college students with a growth mindset,
who viewed intelligence as a malleable trait, scored higher in science classes than students
with a fixed mindset, who viewed intelligence as immutable (Blackwell et al., 2007; Grant
& Dweck, 2003; Schmidt & Shumow, 2020).

Recent work suggests that mindset in science is malleable in early childhood, making
early childhood a key time to intervene (Haber et al., 2024; Law et al., 2021). For example,
Law et al. (2021) presented 5- to 12-year-old children with a one-shot growth mindset
intervention at a science museum. Children who received the growth mindset intervention
heard a brief paragraph connecting the exhibit to growth mindset, including stating that if
children want “to strengthen your brain and be smarter,” they can (Law et al., 2021, p. 4).
Children in the growth mindset condition had lower stereotype awareness (i.e., more
equitable beliefs about men and women in STEM) than children in the control condition
(Law et al., 2021). This finding was especially meaningful for participants in early childhood
(ages 5- to 8-years) because they started off with a higher stereotype awareness than older
participants (Law et al., 2021). Returning to the example of Sage, if she attributes her early
failure in science to a lack of innate mathematics aptitude, she might begin to view herself
as “not a science person.” This view may lead to a cycle of feeling excluded from science
spaces, which could be further exacerbated by the fact that Sage is a girl, and as such,
subject to societal stereotypes around science success as the province of males only, an issue
we take up below.

3.2. Sense of Belonging and Group Membership

It has been clearly established that women and people of color are underrepresented in
some science fields, including chemistry, mathematics, physics, and engineering (National
Science Foundation & National Center for Science and Engineering Statistics, 2023). Part
of this gender gap may be due to the fact that some of these fields are stereotyped as
the province of masculine, nerdy, innately brilliant geniuses (Cheryan et al., 2017). As
developmentalists, we recognize that these gaps do not merely appear from thin air, but
emerge beginning in early childhood (e.g., Cvencek et al., 2011; Levine & Pantoja, 2021;
Master, 2021). In the domain of math, for example, gender differences in mathematics
attitudes and achievement are well documented (see Levine & Pantoja, 2021 for a review).
In the domain of science, work on ameliorating gender differences in science is growing.

What factors/mechanisms might impact children’s perceptions of scientists and sense
of belonging in science? One mechanism that may impact children’s sense of belonging in
science is the language to which children are exposed during the early childhood years. In
considering EST, the language that adults use when talking about science is impacted by
current cultural norms and ideologies. Indeed, even the language that researchers use to
study children’s perceptions of scientists has changed over time. One way that researchers
study children’s perceptions of scientists is by asking them to explicate their image of a
scientist, either via drawings, verbal or written descriptions, or a combination of these



Educ. Sci. 2025, 15, 1361 10 of 18

methods (e.g., Chambers, 1983; Miller et al., 2018). In an early study on students’ images of
scientists, Mead and Metraux (1957) asked students about their perceptions of scientists
using language that reflected the patriarchal, heteronormative, and rigid gender roles of
the time. For example, one item said,

“If you are a boy, complete the following statement in your own words. If I were
going to be a scientist, I should like to be the kind of scientist who [blank] If you are
a girl, you may complete either the sentence above or this one. If I were going to
marry a scientist, I should like to marry the kind of scientist who [blank].”

The formulation of this item reflects the social and cultural norms of the period,
reflecting that it was unlikely that a woman would be a scientist and more likely that
a woman would marry a scientist (and so unlikely as not to be mentioned that a man
would marry a scientist). These questions are entirely hypothetical, illustrating how deeply
embedded these gender roles were in the minds of the researchers and participants in the
study. The irony that Mead and Metraux were themselves female scientists demonstrates
the social mores of the time. It is possible that including the caveat that a female participant
could complete either sentence was an inclusive step for the time period. Regardless, this
example demonstrates how the time in which we live impacts our cultural and social norms,
filtering down into how we communicate with others, including with children.

As societal values shift and change, so does the way that we talk. For example, today
it would be virtually unheard of for researchers to ask girls to imagine being the wife of a
scientist on a Draw-A-Scientist task. Research can also shed light on what types of language
encourage children’s engagement and interest in science. A growing body of work has
examined the use of action-based versus identity-based language on children’s persistence
in science. For example, prior research indicates that girls (aged 5–7) demonstrate greater
interest in science and persist longer on a scientific task when an adults describes the
activity in terms of activity-based (“we are going to do science”) rather than identity-based
language (“we are going to be scientists”). Rhodes et al. (2019) argue that young girls may
not identify as being part of the “scientist” group and this identity-based language may
diminish motivation in science during the later years. Emphasizing actions and the process
of science is important and can be especially useful in early childhood prior to the onset of
formal schooling, when there is less focus on science as a labeled course to take but more
focus on the science that exists in the everyday world. However, it is also important for
children to view “scientist” as a viable future career path.

One way to provide children with opportunities to see themselves as scientists is to
introduce children to scientific role models (e.g., Master et al., 2016; Master, 2021; Gladstone
& Cimpiant, 2021). Recent research emphasizes that in science, role models who are
competent, whose success is attainable, and who come from underrepresented groups can
be particularly effective in promoting engagement and feelings of self-efficacy in science
(e.g., Gladstone & Cimpiant, 2021; Master et al., 2016; Shachnai et al., 2022). Relatedly, it
is important to move toward emphasizing science fields as collaborative and community-
relevant domains, as this contextualization of science in relevant contexts can encourage
students’ interest and participation (e.g., Elliott, 2015). Little of the work on children’s
perceptions of role models has focused on early childhood, so this is an area ripe for future
study (Gladstone & Cimpiant, 2021; Kumar et al., 2023; Shachnai et al., 2022). In early
childhood, science storybooks present an easy and accessible way for researchers as well
as parents and teachers to introduce scientists to children. When selecting these science
storybooks, adults should consider how effective the role model is (i.e., Are they portrayed
as competent? Is their success attainable or not?; Gladstone & Cimpiant, 2021). It is worth
noting that even if the storybooks do not follow guidelines for effective science role models
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to a tee, adults can use storybook reading time as an opportunity to add inclusive and
effective language to the dialogue surrounding the topic.

We argue that one way to introduce young children to science in a way that empha-
sizes inclusivity and encourages participation of children from underrepresented groups
is through storybook reading. Science storybooks featuring scientists from diverse back-
grounds have been shown to broaden young children’s perceptions of who can be a scientist
(Sharkawy, 2012). These storybooks can also provide evidence when children are deter-
mining how to attribute failure in the domain of science. Diverse science storybooks can
help adults and children move away from a narrative where only the few, homogeneous
individuals with innate intelligence succeed in science toward a narrative where success
in science is dependent on malleable traits like hard work. However, given that science
storybooks recommended to educators have been found to feature primarily White and
male characters (Finson et al., 2018), there remains a pressing need for storybooks that
portray a diverse and representative picture of science and scientists.

3.3. Intersection of Literacy, Science, and Social–Emotional Learning in Storybooks

Arguably, motivation, mindset beliefs about success and failure and sense of belonging
(approaches to learning) are a critical part of literacy, science, and social–emotional learning.
Our proposed model highlights the intersection of these domains, an issue that has been
little studied. In our model, we argue that storybooks are one way to connect and integrate
learning in these three domains:

1. Storybook reading can encourage children to make connections between their
personal life experiences and the content of the story. For early readers, teachers and
caregivers can draw on their knowledge of individual children’s lived experiences to
help children relate to the characters or main themes in the story. In the domain of
science, encouraging children’s feelings of relatedness may be particularly important
for fostering an early sense of belonging. For example, prior research has found
that storybooks about famous scientists that emphasize that their success was due
to their hard work and effort rather than their innate intelligence elicited caregiver-
child conversation connecting children’s experiences to those of the protagonist’s and
emotion language such as how the scientist feels when their experiment fails (e.g.,
“the scientist feels sad because her experiment did not work”; see Haber et al., 2024).

2. Scientific storybook reading can also integrate literacy and science learning by
introducing children to more complex, technical vocabulary targeting scientific
phenomena that is not found in everyday conversation at home or school (National
Research Council, 2013). At the intersection of early literacy and early science learn-
ing, shared science storybook reading with adults can encourage children to make
predictions about what will happen next and encourage children to communicate
ideas about the story with others. For example, children can talk with teachers and
caregivers about the steps in a science investigation, cause, and effect relationships,
and using evidence to support arguments (see National Research Council, 2013 for
a list of coordinated science standards, English Language Arts, and math state stan-
dards). Such conversations during storybook interactions can also create opportunities
for children to develop skills around communicating effectively with others, skills
which are a critical part of their socio-emotional learning (Collaborative for Academic,
Social and Emotional Learning, 2020).

3. Storybook reading is an inclusive practice that can encourage a sense of belonging
in the classroom, within a family, and across domains of learning. We argue
that the methods of science require SEL skills, and that these are optimally fostered
during the preschool years. For example, failure, which is inherent to the methods of
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science, can elicit an understandable emotional response such as anger, frustration,
or sadness. Responding to these emotions in a healthy way that promotes early
learning and resilience requires critical socio-emotional learning skills such as labeling
and identifying emotions, as well as adopting a growth mindset (Collaborative for
Academic, Social and Emotional Learning, 2020). These early socio-emotional skills are
aligned with critical constructs of early science and English Language Arts including
“engagement, motivation, persistence and self-identity” (Collaborative for Academic,
Social and Emotional Learning, 2020). Caregivers and teachers can leverage shared
storybook reading to build children’s awareness and understanding of the emotions
they may face during scientific exploration and provide them with a template for
working through those emotions productively. Reading stories about characters that
children can relate to and engaging in conversations that underscore the importance of
learning from your mistakes and persisting in the face of challenges can help children
realize that such experiences are normal, part and parcel of scientific and mathematical
learning. In turn, when children face challenges in their own science and mathematics
learning, they will understand that others like them have also experienced setbacks,
have recovered from them, and that these experiences are part of the process of
learning in science fields, creating a greater sense of belonging these domains.

4. Limitations of the Model and Future Directions
It is important to note that there are several limitations and future directions of our

proposed model for how storybooks can be viewed as a collaborative tool for fostering
knowledge, vocabulary and critical 21st century skills that would enhance science engage-
ment and learning during the early childhood years.

First, it is important to acknowledge that although the price of storybooks can be low,
using storybooks effectively in educational settings or at home often requires resources
for (1) professional development workshops and training for teachers and (2) family
engagement for caregivers at home. Although this would require funding, we argue, that
such investment in understanding how children’s science learning occurs via storybooks
(including an integration of emotional learning skills, literacy and science) would foster
critical 21st century skills that are needed for children to be successful in the world today.

Second, as we highlight above, SEL is a broad topic that incorporates several constructs.
Our model focuses on two of the five competencies described in the CASEL framework:
self-awareness and relationship skills (Collaborative for Academic, Social and Emotional
Learning, 2020), which we believe align best with the integration of SEL, literacy and
science learning during the early childhood years. Importantly, there are other three other
competencies for building SEL: self-management, responsible decision-making, social
awareness (Collaborative for Academic, Social and Emotional Learning, 2020). Although
addressing all five competencies for building for SEL is outside the scope of the current
paper, we believe this could be an interesting direction for future research.

Third, although some research explores children’s early science learning, more em-
pirical, longitudinal data is needed to understand how science interventions during the
preschool and elementary school years impact engagement, persistence and interest in
science in higher education and the workforce.

Fourth, an important future direction for researchers examining children’s early science
learning and engagement is to consider integrating multiple frameworks. As we describe
in the beginning of the paper, our model draws on social interactionist and ecological
systems frameworks. To date, much of the research this field often focuses on one of three
theoretical perspectives: constructivism, social interactionist theory, and ecological systems
theory (Kumar & Haber, 2025). However, to consider how storybooks can integrate science,
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literacy and SEL (learning outcomes across domains), we need more empirical data that
draws on connections between such theoretical frameworks (Kumar & Haber, 2025).

Finally, to date, most of the research on science learning and engagement focuses K-12
schooling (often middle and high school students) and higher education. However, as
we argue throughout the paper, the early childhood years, especially the preschool years,
present an optimal time for developing interventions to foster children’s early interest,
persistence and engagement in science, before the beginning of formal schooling. Thus, an
important next step for this work is to focus research on the early childhood years.

5. Conclusions
Research demonstrates that reading storybooks with adults is critical for fostering

children’s vocabulary development, reading comprehension skills, mathematical learning,
and more generally speaking, children’s school readiness skills. To this discussion, we
have added how storybooks can also serve additional functions; they can encourage
young children’s engagement, motivation, persistence, and interest in science. In our
model, we argue that children’s science learning via storybooks acknowledges success in
science as more than knowledge acquisition, but as a dynamic process that additionally
requires social–emotional learning skills, literacy, and adult–child interactions. This model
underscores the importance of viewing science learning as not only getting the right answer,
but developing 21st century skills including critical thinking and problem-solving that will
prepare students to be successful in the complex workforce today.

Author Contributions: Conceptualization, A.S.H. and S.C.K.; Funding, A.S.H. writing—original
draft preparation, A.S.H. and S.C.K.; writing—review and editing, A.S.H. and S.C.K. All authors
have read and agreed to the published version of the manuscript.

Funding: SCK was funded by the Purdue University Research Program on STEM Education
(PURPOSE) postdoctoral training program, National Science Foundation in Science Education
Award #222206.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: No new data were created or analyzed in this study.

Acknowledgments: We would like to thank Janine Bempechat for invaluable feedback on our model.
We would also like to thank Claudia Romano for her graphic design work on Figure 1.

Conflicts of Interest: The authors declare no conflicts of interest.

References
Anderson, A., Anderson, J., & Shapiro, J. (2005). Supporting multiple literacies: Parents’ and children’s mathematical talk within

storybook reading. Mathematics Education Research Journal, 16(3), 5–26. [CrossRef]
Aydin, E., Ilgaz, H., & Allen, J. W. P. (2021). Preschoolers’ learning of information from fantastical narrative versus expository books.

Journal of Experimental Child Psychology, 209, 105170. [CrossRef]
Bang, M., Curley, L., Kessel, A., Marin, A., Suzukovich, E. S., III, & Strack, G. (2014). Muskrat theories, tobacco in the streets, and living

Chicago as Indigenous land. Environmental Education Research, 20(1), 37–55. [CrossRef]
Bempechat, J., & Mirny, A. (2005). Achievement motivation. Encyclopedia of Education and Human Development, 3, 433–443.
Bian, L., Leslie, S.-J., & Cimpian, A. (2017). Gender stereotypes about intellectual ability emerge early and influence children’s interests.

Science, 355(6323), 389–391. [CrossRef]
Blackwell, L. S., Trzesniewski, K. H., & Dweck, C. S. (2007). Implicit theories of intelligence predict achievement across an adolescent

transition—A longitudinal study and an intervention. Child Development, 78(1), 246–263. [CrossRef] [PubMed]
Bronfenbrenner, U. (1977). Toward an experimental ecology of human development. American Psychologist, 32(7), 513–531. [CrossRef]
Bronfenbrenner, U. (1986). Recent advances in research on the ecology of human development. In Development as action in context:

Problem behavior and normal youth development (pp. 287–309). Springer.

https://doi.org/10.1007/BF03217399
https://doi.org/10.1016/j.jecp.2021.105170
https://doi.org/10.1080/13504622.2013.865113
https://doi.org/10.1126/science.aah6524
https://doi.org/10.1111/j.1467-8624.2007.00995.x
https://www.ncbi.nlm.nih.gov/pubmed/17328703
https://doi.org/10.1037/0003-066X.32.7.513


Educ. Sci. 2025, 15, 1361 14 of 18

Bronfenbrenner, U. (1994). Ecological models of human development. International Encyclopedia of Education, 3(2), 37–43.
Brown, S. A., Ronfard, S., & Kelemen, D. (2020). Teaching natural selection in early elementary classrooms: Can a storybook intervention

reduce teleological misunderstandings? Evolution: Education and Outreach, 13(1), 12. [CrossRef]
Bus, A. G., van Ijzendoorn, M. H., & Pellegrini, A. D. (1995). Joint book reading makes for success in learning to read: A Meta-analysis

on intergenerational transmission of literacy. Review of Educational Research, 65(1), 1–21. [CrossRef]
Butler, L. P., Ronfard, S., & Corriveau, K. H. (Eds.). (2020). The questioning child: Insights from psychology and education (1st ed.).

Cambridge University Press. [CrossRef]
Callanan, M. A., & Jipson, J. L. (2001). Explanatory conversations and young children’s developing scientific literacy. In Designing for

science: Implications from every day, classroom, and professional settings (pp. 21–49). Lawrence Erlbaum Associates Publishers.
Callanan, M. A., Legare, C. H., Sobel, D. M., Jaeger, G. J., Letourneau, S., McHugh, S. R., Willard, A., Brinkman, A., Finiasz, Z., Rubio,

E., Barnett, A., Gose, R., Martin, J. L., Meisner, R., & Watson, J. (2020). Exploration, explanation, and parent–child interaction in
museums. Monographs of the Society for Research in Child Development, 85(1), 7–137. [CrossRef] [PubMed]

Callanan, M. A., Shrager, J., & Moore, J. L. (1995). Parent-child collaborative explanations: Methods of identification and analysis. The
Journal of the Learning Sciences, 4(1), 105–129. [CrossRef]

Chambers, D. W. (1983). Stereotypic images of the scientist: The draw-a-scientist test. Science Education, 67(2), 255–265. [CrossRef]
Cheryan, S., Ziegler, S. A., Montoya, A. K., & Jiang, L. (2017). Why are some science fields more gender balanced than others?

Psychological Bulletin, 143(1), 1–35. [CrossRef] [PubMed]
Chestnut, E., Lei, R., Leslie, S. J., & Cimpian, A. (2018). The myth that only brilliant people are good at math and its implications for

diversity. Education Sciences, 8(2), 65. [CrossRef]
Chouinard, M. M. (2007). Children’s questions: A mechanism for cognitive development. Monographs of the Society for Research in Child

Development, 72(1), vii–ix. [CrossRef]
Collaborative for Academic, Social and Emotional Learning (CASEL). (2020). What is the CASEL framework? CASEL.
Crowley, K., Callanan, M., Jipson, J. L., Galco, J., Topping, K., & Shrager, J. (2001a). Shared scientific thinking in everyday parent—Child

activity. Science Education, 85(6), 712–732. [CrossRef]
Crowley, K., Callanan, M. A., Tenenbaum, H. R., & Allen, E. (2001b). Parents explain more often to boys than to girls during shared

scientific thinking. Psychological Science, 12(3), 258–261. [CrossRef] [PubMed]
Curran, F. C., & Kellogg, A. T. (2016). Understanding science achievement gaps by race/ethnicity and gender in kindergarten and first

grade. Educational Researcher, 45(5), 273–282. [CrossRef]
Curran, F. C., & Kitchin, J. (2019). Early elementary science instruction: Does more time on science or science topics/skills predict

science achievement in the early grades? AERA Open, 5(3), 2332858419861081. [CrossRef]
Cvencek, D., Meltzoff, A. N., & Greenwald, A. G. (2011). Math–gender stereotypes in elementary school children. Child Development,

82(3), 766–779. [CrossRef]
DeBaryshe, B. D. (1995). Maternal belief systems: Linchpin in the home reading process. Journal of Applied Developmental Psychology, 16,

1–20. [CrossRef]
Demir-Lira, Ö. E., Applebaum, L. R., Goldin-Meadow, S., & Levine, S. C. (2019). Parents’ early book reading to children: Relation to

children’s later language and literacy outcomes controlling for other parent language input. Developmental Science, 22(3), e12764.
[CrossRef] [PubMed]

Dore, R. A., Smith, E. D., & Lillard, A. S. (2017). Children adopt the traits of characters in a narrative. Child Development Research, 2017,
1–16. [CrossRef]

Duncan, G. J., Dowsett, C. J., Claessens, A., Magnuson, K., Huston, A. C., Klebanov, P., Pagani, L. S., Feinstein, L., Engel, M., Brooks-
Gunn, J., Sexton, H., Duckworth, K., & Japel, C. (2007). School readiness and later achievement. Developmental Psychology, 43(6),
1428–1446. [CrossRef]

Durlak, J. A., Mahoney, J. L., & Boyle, A. E. (2022). What we know, and what we need to find out about universal, school-based social
and emotional learning programs for children and adolescents: A review of meta-analyses and directions for future research.
Psychological Bulletin, 148(11–12), 765–782. [CrossRef]

Dweck, C. S. (2008). Mindset: The new psychology of success. Random House Digital, Inc.
Elliott, K. (2015). Broadening participation-making science learning relevant and rigorous for all students. CADRE Brief. Community for

Advancing Discovery Research in Education (CADRE).
Emmons, N., Lees, K., & Kelemen, D. (2018). Young children’s near and far transfer of the basic theory of natural selection: An

analogical storybook intervention. Journal of Research in Science Teaching, 55(3), 321–347. [CrossRef]
Farrant, B. M., & Zubrick, S. R. (2013). Parent–child book reading across early childhood and child vocabulary in the early school years:

Findings from the longitudinal study of Australian children. First Language, 33(3), 280–293. [CrossRef]
Finson, K. D., Farland-Smith, D., & Arquette, C. (2018). How scientists are portrayed in NSTA recommends books. The Hoosier Science

Teacher, 41(1), 47–63. [CrossRef]

https://doi.org/10.1186/s12052-020-00127-7
https://doi.org/10.3102/00346543065001001
https://doi.org/10.1017/9781108553803
https://doi.org/10.1111/mono.12412
https://www.ncbi.nlm.nih.gov/pubmed/32175600
https://doi.org/10.1207/s15327809jls0401_3
https://doi.org/10.1002/sce.3730670213
https://doi.org/10.1037/bul0000052
https://www.ncbi.nlm.nih.gov/pubmed/27732018
https://doi.org/10.3390/educsci8020065
https://doi.org/10.1111/j.1540-5834.2007.00412.x
https://doi.org/10.1002/sce.1035
https://doi.org/10.1111/1467-9280.00347
https://www.ncbi.nlm.nih.gov/pubmed/11437311
https://doi.org/10.3102/0013189X16656611
https://doi.org/10.1177/2332858419861081
https://doi.org/10.1111/j.1467-8624.2010.01529.x
https://doi.org/10.1016/0193-3973(95)90013-6
https://doi.org/10.1111/desc.12764
https://www.ncbi.nlm.nih.gov/pubmed/30325107
https://doi.org/10.1155/2017/6838079
https://doi.org/10.1037/0012-1649.43.6.1428
https://doi.org/10.1037/bul0000383
https://doi.org/10.1002/tea.21421
https://doi.org/10.1177/0142723713487617
https://doi.org/10.14434/thst.v41i123186


Educ. Sci. 2025, 15, 1361 15 of 18

Flack, Z. M., Field, A. P., & Horst, J. S. (2018). The effects of shared storybook reading on word learning: A meta-analysis. Developmental
Psychology, 54(7), 1334–1346. [CrossRef] [PubMed]

Fletcher, K. L., & Reese, E. (2005). Picture book reading with young children: A conceptual framework. Developmental Review, 25(1),
64–103. [CrossRef]

Frijters, J. C., Barron, R. W., & Brunello, M. (2000). Direct and mediated influences of home literacy and literacy interest on prereaders’
oral vocabulary and early written language skill. Journal of Educational Psychology, 92, 466–477. [CrossRef]

Ganea, P. A., Ma, L., & DeLoache, J. S. (2011). Young children’s learning and transfer of biological information from picture books to
real animals. Child Development, 82(5), 1421–1433. [CrossRef] [PubMed]

Gardner-Neblett, N. (2024). Becoming fictional storytellers: African American children’s oral narrative development in early elementary
school. Child Development, 95(4), 1218–1236. [CrossRef] [PubMed]

Gardner-Neblett, N., & Alvarez, D. L. (2024). Sharing stories versus explaining facts: Comparing African American children’s
microstructure performance across fictional narrative, informational, and procedural discourse. Journal of Speech, Language, and
Hearing Research, 67(11), 4431–4445. [CrossRef] [PubMed]

Gladstone, J. R., & Cimpiant, A. (2021). Which role models are effective for which students? A systematic review and four rec-
ommendations for maximizing the effectiveness of role models in SCIENCE. International Journal of Science Education, 8(1), 59.
[CrossRef]

Graham, S. (2020). An attributional theory of motivation. Contemporary Educational Psychology, 61, 101861. [CrossRef]
Grant, H., & Dweck, C. S. (2003). Clarifying achievement goals and their impact. Journal of Personality and Social Psychology, 85(3),

541–553. [CrossRef]
Grolig, L. (2020). Shared storybook reading and oral language development: A bioecological perspective. Frontiers in Psychology,

11, 1818. [CrossRef] [PubMed]
Haber, A. S., Kumar, S. C., & Corriveau, K. H. (2022a). Boosting children’s persistence through scientific storybook reading. Journal of

Cognition and Development, 23(2), 161–172. [CrossRef]
Haber, A. S., Kumar, S. C., Leech, K. A., & Corriveau, K. H. (2024). How does caregiver–child conversation during a scientific storybook

reading impact children’s mindset beliefs and persistence? Child Development, 95(5), 1739–1753. [CrossRef]
Haber, A. S., Kumar, S. C., Puttre, H., Dashoush, N., & Corriveau, K. H. (2022b). “Why can’t I see my friends and family?”: Children’s

questions and parental explanations about Coronavirus. Mind, Brain, and Education, 16(1), 54–61. [CrossRef]
Haber, A. S., Puttre, H., Ghossainy, M. E., & Corriveau, K. H. (2021). “How will you construct a pathway system?”: Microanalysis of

teacher-child scientific conversations. Journal of Childhood, Education & Society, 2(3), 338–363. [CrossRef]
Haden, C. A. (2010). Talking about science in museums. Child Development, 4(1), 62–67. [CrossRef]
Haden, C. A., Jant, E. A., Hoffman, P. C., Marcus, M., Geddes, J. R., & Gaskins, S. (2014). Supporting family conversations and children’s

science learning in a children’s museum. Early Childhood Research Quarterly, 29(3), 333–344. [CrossRef]
Haden, C. A., Melzi, G., & Callanan, M. A. (2023). Science in stories: Implications for Latine children’s science learning through

home-based language practices. Frontiers in Psychology, 14, 1096833. [CrossRef]
Hendrix, N. M., Hojnoski, R. L., & Missall, K. N. (2019). Shared book reading to promote math talk in parent–child dyads in low-income

families. Topics in Early Childhood Special Education, 39(1), 45–55. [CrossRef]
Horst, J. S., & Houston-Price, C. (2015). Editorial: An open book: What and how young children learn from picture and story books.

Frontiers in Psychology, 6, 1719. [CrossRef]
Jirout, J. J., & Newcombe, N. S. (2015). Building blocks for developing spatial skills: Evidence from a large, representative U.S. sample.

Psychological Science, 26(3), 302–310. [CrossRef] [PubMed]
Kazakoff, E. R., Sullivan, A., & Bers, M. U. (2013). The effect of a classroom-based intensive robotics and programming workshop on

sequencing ability in early childhood. Early Childhood Education Journal, 41(4), 245–255. [CrossRef]
Kelemen, D., Emmons, N. A., Seston Schillaci, R., & Ganea, P. A. (2014). Young children can be taught basic natural selection using a

picture-storybook intervention. Psychological Science, 25(4), 893–902. [CrossRef]
Kumar, S. C., & Haber, A. S. (2025). Extending cognitive development research to create more equitable science learning contexts.

Frontiers in Developmental Psychology, 3. [CrossRef]
Kumar, S. C., Haber, A. S., Ghossainy, M. E., Barbero, S., & Corriveau, K. H. (2023). The impact of visualizing the group on children’s

persistence in and perceptions of STEM. Acta Psychologica, 233, 103845. [CrossRef] [PubMed]
Law, F., McGuire, L., Winterbottom, M., & Rutland, A. (2021). Children’s gender stereotypes in science following a one-shot growth

mindset intervention in a Science Museum. Frontiers in Psychology, 12, 1602. [CrossRef] [PubMed]
Leech, K. A. (2024). Family science capital moderates gender differences in parent–child scientific conversation. Journal of Experimental

Child Psychology, 247, 106020. [CrossRef] [PubMed]
Leech, K. A., Haber, A. S., Jalkh, Y., & Corriveau, K. H. (2020). Embedding scientific explanations into storybooks impacts children’s

scientific discourse and learning. Frontiers in Psychology, 11, 12. [CrossRef]

https://doi.org/10.1037/dev0000512
https://www.ncbi.nlm.nih.gov/pubmed/29595311
https://doi.org/10.1016/j.dr.2004.08.009
https://doi.org/10.1037/0022-0663.92.3.466
https://doi.org/10.1111/j.1467-8624.2011.01612.x
https://www.ncbi.nlm.nih.gov/pubmed/21679177
https://doi.org/10.1111/cdev.14075
https://www.ncbi.nlm.nih.gov/pubmed/38380984
https://doi.org/10.1044/2024_JSLHR-23-00579
https://www.ncbi.nlm.nih.gov/pubmed/39392911
https://doi.org/10.1186/s40594-021-00315-x
https://doi.org/10.1016/j.cedpsych.2020.101861
https://doi.org/10.1037/0022-3514.85.3.541
https://doi.org/10.3389/fpsyg.2020.01818
https://www.ncbi.nlm.nih.gov/pubmed/32982820
https://doi.org/10.1080/15248372.2021.1998063
https://doi.org/10.1111/cdev.14107
https://doi.org/10.1111/mbe.12309
https://doi.org/10.37291/2717638x.202123117
https://doi.org/10.1111/j.1750-8606.2009.00119.x
https://doi.org/10.1016/j.ecresq.2014.04.004
https://doi.org/10.3389/fpsyg.2023.1096833
https://doi.org/10.1177/0271121419831762
https://doi.org/10.3389/fpsyg.2015.01719
https://doi.org/10.1177/0956797614563338
https://www.ncbi.nlm.nih.gov/pubmed/25626442
https://doi.org/10.1007/s10643-012-0554-5
https://doi.org/10.1177/0956797613516009
https://doi.org/10.3389/fdpys.2025.1613929
https://doi.org/10.1016/j.actpsy.2023.103845
https://www.ncbi.nlm.nih.gov/pubmed/36706700
https://doi.org/10.3389/fpsyg.2021.641695
https://www.ncbi.nlm.nih.gov/pubmed/34040559
https://doi.org/10.1016/j.jecp.2024.106020
https://www.ncbi.nlm.nih.gov/pubmed/39098253
https://doi.org/10.3389/fpsyg.2020.01016


Educ. Sci. 2025, 15, 1361 16 of 18

Leech, K. A., McNally, S., Daly, M., & Corriveau, K. H. (2022). Unique effects of book-reading at 9-months on vocabulary development
at 36-months: Insights from a nationally representative sample of Irish families. Early Childhood Research Quarterly, 58, 242–253.
[CrossRef]

Legare, C. H., Sobel, D. M., & Callanan, M. (2017). Causal learning is collaborative: Examining explanation and exploration in social
contexts. Psychonomic Bulletin & Review, 24(5), 1548–1554. [CrossRef]

Lei, R. F., Green, E. R., Leslie, S., & Rhodes, M. (2019). Children lose confidence in their potential to “be scientists”, but not in their
capacity to “do science”. Developmental Science, 22(6), e12837. [CrossRef]

Leslie, S. J., Cimpian, A., Meyer, M., & Freeland, E. (2015). Expectations of brilliance underlie gender distributions across academic
disciplines. Science, 347(6219), 262–265. [CrossRef]

Levine, S. C., & Pantoja, N. (2021). Development of children’s math attitudes: Gender differences, key socializers, and intervention
approaches. Developmental Review, 62, 100997. [CrossRef]

Luce, M. R., Callanan, M. A., & Smilovic, S. (2013). Links between parents’ epistemological stance and children’s evidence talk.
Developmental Psychology, 49(3), 454–461. [CrossRef]

Malone, K. L., Tiarani, V., Irving, K. E., Kajfez, R., Lin, H., Giasi, T., & Edmiston, B. W. (2018). Engineering design challenges in
early childhood education: Effects on student cognition and interest. European Journal of STEM Education, 3(3), 1–18. [CrossRef]
[PubMed]

Master, A. (2021). Gender stereotypes influence children’s science motivation. Child Development Perspectives, 15(3), 203–210. [CrossRef]
Master, A., Cheryan, S., & Meltzoff, A. N. (2016). Computing whether she belongs: Stereotypes undermine girls’ interest and sense of

belonging in computer science. Journal of Educational Psychology, 108(3), 424–437. [CrossRef]
McGuire, L., Mulvey, K. L., Goff, E., Irvin, M. J., Winterbottom, M., Fields, G. E., Hartstone-Rose, A., & Rutland, A. (2020). STEM gender

stereotypes from early childhood through adolescence at informal science centers. Journal of Applied Developmental Psychology,
67, 101109. [CrossRef]

McNally, S., Leech, K. A., Corriveau, K. H., & Daly, M. (2023). Indirect effects of early shared reading and access to books on reading
vocabulary in middle childhood. Scientific Studies of Reading, 28, 42–59. [CrossRef]

Mead, M., & Metraux, R. (1957). Image of the scientist among high-school students: A Pilot study. Science, 126, 384–390. [CrossRef]
[PubMed]

Michell, D., Szabo, C., Falkner, K., & Szorenyi, A. (2018). Towards a socio-ecological framework to address gender inequity in computer
science. Computers & Education, 126, 324–333. [CrossRef]

Miller, D. I., Nolla, K. M., Eagly, A. H., & Uttal, D. H. (2018). The Development of children’s gender-science stereotypes: A Meta-analysis
of 5 decades of U.S. draw-a-scientist studies. Child Development, 89(6), 1943–1955. [CrossRef]

Miller-Goldwater, H. E., Cronin-Golomb, L. M., Hanft, M. H., & Bauer, P. J. (2024). The influence of books’ textual features and
caregivers’ extratextual talk on children’s science learning in the context of shared book reading. Developmental Psychology, 59(2),
390–411. [CrossRef]

Miller-Goldwater, H. E., Hanft, M. H., Miller, A. G., & Bauer, P. J. (2023). Young children’s science learning from narrative books: The
Role of text cohesion and caregivers’ extratextual talk. Journal of Cognition and Development, 25(3), 323–349. [CrossRef] [PubMed]

Mol, S. E., Bus, A. G., de Jong, M. T., & Smeets, D. J. H. (2008). Added value of dialogic parent–child book readings: A meta-analysis.
Early Education and Development, 19(1), 7–26. [CrossRef]

National Academies of Sciences, Engineering, and Medicine, Honey, M., Schweingruber, H., Brenner, K., & Gonring, P. (2021). How far
are we from this vision for all students? In Call to action for science education: Building opportunity for the future. National Academies
Press (US). Available online: https://www.ncbi.nlm.nih.gov/books/NBK573820/ (accessed on 17 September 2025).

National Research Council. (2013). Next generation science standards: For states, by states. National Academies Press. [CrossRef]
National Science Foundation & National Center for Science and Engineering Statistics. (2023). Women, minorities, and persons with

disabilities in science and engineering. Available online: https://ncses.nsf.gov/pubs/nsf21321 (accessed on 17 September 2025).
Nieto, A. M., Leyva, D., & Yoshikawa, H. (2019). Guatemalan Mayan book-sharing styles and their relation to parents’ schooling and

children’s narrative contributions. Early Childhood Research Quarterly, 47, 405–417. [CrossRef]
Niu, L. (2017). Family socioeconomic status and choice of STEM major in college: An Analysis of a national sample. College Student

Journal, 51, 298–312.
Purpura, D. J., Napoli, A. R., Wehrspann, E. A., & Gold, Z. S. (2017). Causal connections between mathematical language and

mathematical knowledge: A dialogic reading intervention. Journal of Research on Educational Effectiveness, 10(1), 116–137. [CrossRef]
Purpura, D. J., O’Rear, C. D., Ellis, A., Logan, J. A., Westerberg, L., Ehrman, P., King, Y. A., Vander Tuin, M., Nordgren, I., Anderson, K.,

Cosso, J., Zippert, E., Napoli, A. R., Hornburg, C. B., Schmitt, S. A., & Dobbs-Oates, J. (2023). Unique and combined effects of
quantitative mathematical language and numeracy instruction within a picture book intervention: A registered report. Journal of
Educational Psychology, 116(1), 1–19. [CrossRef]

Purpura, D. J., & Reid, E. E. (2016). Mathematics and language: Individual and group differences in mathematical language skills in
young children. Early Childhood Research Quarterly, 36, 259–268. [CrossRef]

https://doi.org/10.1016/j.ecresq.2021.09.009
https://doi.org/10.3758/s13423-017-1351-3
https://doi.org/10.1111/desc.12837
https://doi.org/10.1126/science.1261375
https://doi.org/10.1016/j.dr.2021.100997
https://doi.org/10.1037/a0031249
https://doi.org/10.20897/ejsteme/3871
https://www.ncbi.nlm.nih.gov/pubmed/40870189
https://doi.org/10.1111/cdep.12424
https://doi.org/10.1037/edu0000061
https://doi.org/10.1016/j.appdev.2020.101109
https://doi.org/10.1080/10888438.2023.2220846
https://doi.org/10.1126/science.126.3270.384
https://www.ncbi.nlm.nih.gov/pubmed/17774477
https://doi.org/10.1016/j.compedu.2018.07.019
https://doi.org/10.1111/cdev.13039
https://doi.org/10.1037/dev0001480
https://doi.org/10.1080/15248372.2023.2267229
https://www.ncbi.nlm.nih.gov/pubmed/38799764
https://doi.org/10.1080/10409280701838603
https://www.ncbi.nlm.nih.gov/books/NBK573820/
https://doi.org/10.17226/18290
https://ncses.nsf.gov/pubs/nsf21321
https://doi.org/10.1016/j.ecresq.2018.08.006
https://doi.org/10.1080/19345747.2016.1204639
https://doi.org/10.1037/edu0000820
https://doi.org/10.1016/j.ecresq.2015.12.020


Educ. Sci. 2025, 15, 1361 17 of 18

Raikes, H., Pan, B. A., Luze, G., Tamis-LeMonda, C. S., Brooks-Gunn, J., Constantine, J., Tarullo, L. B., Raikes, H. A., & Rodriguez, E.
T. (2006). Mother-child bookreading in low-income families: Correlates and outcomes during the first three years of life. Child
Development, 77(4), 924–953. [CrossRef]

Rhodes, M., Cardarelli, A., & Leslie, S.-J. (2020). Asking young children to “do science” instead of “be scientists” increases science
engagement in a randomized field experiment. Proceedings of the National Academy of Sciences, 117(18), 9808–9814. [CrossRef]

Rhodes, M., Leslie, S.-J., Yee, K. M., & Saunders, K. (2019). Subtle linguistic cues increase girls’ engagement in science. Psychological
Science, 30(3), 455–466. [CrossRef]

Roehrig, G. H., Dare, E. A., Ellis, J. A., & Ring-Whalen, E. (2021). Beyond the basics: A detailed conceptual framework of integrated
science. Disciplinary and Interdisciplinary Science Education Research, 3, 11. [CrossRef]

Rogoff, B. (2003). The cultural nature of human development. Oxford University Press.
Rowe, M. L., & Snow, C. E. (2020). Analyzing input quality along three dimensions: Interactive, linguistic, and conceptual. Journal of

Child Language, 47(1), 5–21. [CrossRef]
Scarborough, H. S., & Dobrich, W. (1994). On the efficacy of reading to preschoolers. Developmental Review, 14, 245–302. [CrossRef]
Schmidt, J. A., & Shumow, L. (2020). Testing a mindset intervention as a resilience factor among Latino/a students in science. Journal of

Latinos and Education, 19(1), 76–92. [CrossRef]
Schroeder, E. L., & Kirkorian, H. L. (2016). When seeing is better than doing: Preschoolers’ transfer of STEM skills using touchscreen

games. Frontiers in Psychology, 7, 1377. [CrossRef] [PubMed]
Schwartz, S. (2023, February 15). Will restrictions on teaching “controversial” issues target science classes? Education Week. Available

online: https://www.edweek.org/teaching-learning/will-restrictions-on-teaching-controversial-issues-target-science-classes/
2023/02 (accessed on 17 September 2025).

Sénéchal, M., LeFevre, J.-A., Hudson, E., & Lawson, E. P. (1996). Knowledge of storybooks as a predictor of young children’s vocabulary.
Journal of Educational Psychology, 88(3), 520–536. [CrossRef]

Shachnai, R., Kushnir, T., & Bian, L. (2022). Walking in her shoes: Pretending to be a female role model increases young girls’ persistence
in science. Psychological Science, 33(11), 1818–1827. [CrossRef] [PubMed]

Shahaeian, A., Wang, C., Tucker-Drob, E., Geiger, V., Bus, A. G., & Harrison, L. J. (2018). Early shared reading, socioeconomic status,
and children’s cognitive and school competencies: Six years of longitudinal evidence. Scientific Studies of Reading, 22(6), 485–502.
[CrossRef]

Sharkawy, A. (2009). Moving beyond the lone scientist: Helping 1st-grade students appreciate the social context of scientific work
using stories about scientists. Journal of Elementary Science Education, 21(1), 67–78. [CrossRef]

Sharkawy, A. (2012). Exploring the potential of using stories about diverse scientists and reflective activities to enrich primary students’
images of scientists and scientific work. Cultural Studies of Science Education, 7, 307–340. [CrossRef]

Shirefley, T. A., Castañeda, C. L., Rodriguez-Gutiérrez, J., Callanan, M. A., & Jipson, J. (2020). Science conversations during family book
reading with girls and boys in two cultural communities. Journal of Cognition and Development, 21(4), 551–572. [CrossRef]

Shirefley, T. A., & Leaper, C. (2022). Mothers’ and fathers’ science-related talk with daughters and sons while reading life and physical
science books. Frontiers in Psychology, 12, 813572. [CrossRef]

Siegel, D. R., Esterly, J., Callanan, M. A., Wright, R., & Navarro, R. (2007). Conversations about science across activities in Mexican-
descent families. International Journal of Science Education, 29(12), 1447–1466. [CrossRef]

Spencer, E. J., Goldstein, H., & Kaminski, R. (2012). Teaching vocabulary in storybooks: Embedding explicit vocabulary instruction for
young children. Young Exceptional Children, 15(1), 18–32. [CrossRef]

Strouse, G. A., Nyhout, A., & Ganea, P. A. (2018). The Role of book features in young children’s transfer of information from picture
books to real-world contexts. Frontiers in Psychology, 9, 50. [CrossRef] [PubMed]

Sullivan, A., & Bers, M. U. (2016). Robotics in the early childhood classroom: Learning outcomes from an 8-week robotics curriculum
in pre-kindergarten through second grade. International Journal of Technology and Design Education, 26(1), 3–20. [CrossRef]

Sullivan, A., & Bers, M. U. (2018). Dancing robots: Integrating art, music, and robotics in Singapore’s early childhood centers.
International Journal of Technology and Design Education, 28(2), 325–346. [CrossRef]

Summers, R. (2024, August 21). Politicians step up attacks on the teaching of scientific theories in US schools. The Conversation. Avail-
able online: https://theconversation.com/politicians-step-up-attacks-on-the-teaching-of-scientific-theories-in-us-schools-235083
(accessed on 17 September 2025).

Tang, D., Meltzoff, A. N., Cheryan, S., Fan, W., & Master, A. (2024). Longitudinal stability and change across a year in children’s gender
stereotypes about four different STEM fields. Developmental Psychology, 60(6), 1109–1130. [CrossRef] [PubMed]

Tank, K. M., Rynearson, A. M., & Moore, T. J. (2018). Examining student and teacher talk within engineering design in kindergarten.
European Journal of STEM Education, 3(3), 10. [CrossRef]

Tare, M., French, J., Frazier, B. N., Diamond, J., & Evans, E. M. (2011). Explanatory parent-child conversation predominates at an
evolution exhibit. Science Education, 95(4), 720–744. [CrossRef]

https://doi.org/10.1111/j.1467-8624.2006.00911.x
https://doi.org/10.1073/pnas.1919646117
https://doi.org/10.1177/0956797618823670
https://doi.org/10.1186/s43031-021-00041-y
https://doi.org/10.1017/S0305000919000655
https://doi.org/10.1006/drev.1994.1010
https://doi.org/10.1080/15348431.2018.1478295
https://doi.org/10.3389/fpsyg.2016.01377
https://www.ncbi.nlm.nih.gov/pubmed/27679590
https://www.edweek.org/teaching-learning/will-restrictions-on-teaching-controversial-issues-target-science-classes/2023/02
https://www.edweek.org/teaching-learning/will-restrictions-on-teaching-controversial-issues-target-science-classes/2023/02
https://doi.org/10.1037/0022-0663.88.3.520
https://doi.org/10.1177/09567976221119393
https://www.ncbi.nlm.nih.gov/pubmed/36170452
https://doi.org/10.1080/10888438.2018.1482901
https://doi.org/10.1007/BF03174716
https://doi.org/10.1007/s11422-012-9386-2
https://doi.org/10.1080/15248372.2020.1797750
https://doi.org/10.3389/fpsyg.2021.813572
https://doi.org/10.1080/09500690701494100
https://doi.org/10.1177/1096250611435367
https://doi.org/10.3389/fpsyg.2018.00050
https://www.ncbi.nlm.nih.gov/pubmed/29467690
https://doi.org/10.1007/s10798-015-9304-5
https://doi.org/10.1007/s10798-017-9397-0
https://theconversation.com/politicians-step-up-attacks-on-the-teaching-of-scientific-theories-in-us-schools-235083
https://doi.org/10.1037/dev0001733
https://www.ncbi.nlm.nih.gov/pubmed/38695824
https://doi.org/10.20897/ejsteme/3870
https://doi.org/10.1002/sce.20433


Educ. Sci. 2025, 15, 1361 18 of 18

Tenenbaum, H. R., & Callanan, M. A. (2008). Parents’ science talk to their children in Mexican-descent families residing in the USA.
International Journal of Behavioral Development, 32(1), 1–12. [CrossRef]

Tenenbaum, H. R., Snow, C. E., Roach, K. A., & Kurland, B. (2005). Talking and reading science: Longitudinal data on sex differences in
mother-child conversations in low-income families. Journal of Applied Developmental Psychology, 26(1), 1–19. [CrossRef]

Uscianowski, C., Almeda, M. V., & Ginsburg, H. P. (2020). Differences in the complexity of math and literacy questions parents pose
during storybook reading. Early Childhood Research Quarterly, 50, 40–50. [CrossRef]

Van den Heuvel-Panhuizen, M., Elia, I., & Robitzsch, A. (2016). Effects of reading picture books on kindergartners’ mathematics
performance. Educational Psychology, 36, 323–346. [CrossRef]

van den Heuvel-Panhuizen, M., Van Den Boogaard, S., & Doig, B. (2009). Picture books stimulate the learning of mathematics.
Australasian Journal of Early Childhood, 34(3), 30–39. [CrossRef]

Vygotsky, L. S. (1978). Mind in society: Development of higher psychological processes. Harvard University Press. [CrossRef]
Wan, Z. H., Jiang, Y., & Zhan, Y. (2021). STEM education in early childhood: A Review of empirical studies. Early Education &

Development, 32(7), 940–962. [CrossRef]
Wasik, B. A., Hindman, A. H., & Snell, E. K. (2016). Book reading and vocabulary development: A systematic review. Early Childhood

Research Quarterly, 37, 39–57. [CrossRef]
Weiner, B. (2010). The development of an attribution-based theory of motivation: A history of ideas. Educational Psychologist, 45(1),

28–36. [CrossRef]
Weiner, B., Frieze, I., Kukla, A., Reed, L., Rest, S., & Rosenbaum, R. M. (1987). Perceiving the causes of success and failure. In E. E. Jones,

D. E. Kanouse, H. H. Kelley, R. R. Nisbett, S. Salins, & W. Bernard (Eds.), Attribution: Perceiving the causes of behavior (pp. 95–120).
Lawrence Erlbaum Associates, Inc.

Willard, A. K., Busch, J. T. A., Cullum, K. A., Letourneau, S. M., Sobel, D. M., Callanan, M., & Legare, C. H. (2019). Explain this, explore
that: A Study of parent–child interaction in a children’s museum. Child Development, 90(5), e598–e617. [CrossRef]

Zevenbergen, A. A., & Whitehurst, G. J. (2003). Dialogic reading: A shared picture book reading intervention for preschoolers. In On
reading books to children: Parents and teachers (Vol. 177, p. 200). Lawrence Erlbaum Associates Publishers.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1177/0165025407084046
https://doi.org/10.1016/j.appdev.2004.10.004
https://doi.org/10.1016/j.ecresq.2018.07.003
https://doi.org/10.1080/01443410.2014.963029
https://doi.org/10.1177/183693910903400305
https://doi.org/10.2307/j.ctvjf9vz4
https://doi.org/10.1080/10409289.2020.1814986
https://doi.org/10.1016/j.ecresq.2016.04.003
https://doi.org/10.1080/00461520903433596
https://doi.org/10.1111/cdev.13232

	Introduction 
	Integrating Theory and Practice of Shared Science Storybook Reading in Early Childhood 
	Social Interactionist Framework 
	Ecological Systems Theory 

	Scientific Storybooks as a Collaborative Tool for Enhancing Science Engagement and Learning During the Early Childhood Years 
	Beliefs About Success and Failure Impact Motivation and Persistence 
	Sense of Belonging and Group Membership 
	Intersection of Literacy, Science, and Social–Emotional Learning in Storybooks 

	Limitations of the Model and Future Directions 
	Conclusions 
	References

