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Abstract

The children of today are destined to inherit a future marked by insurmountable environmental
and societal challenges. To cope, students need to be adequately prepared to become active
citizens, equipped with vital knowledge, skills, and motivation to understand and make informed
decisions about these challenges. While conversations surrounding the incorporation of
socioscientific issues (SSI) in the classroom have been ongoing, a gap remains in understanding
how to introduce them at the primary (Grades 1 to 3) level. Guided by the SSI theoretical
framework and underpinned by theories of child development, this article explores one element of
a larger research study which, in part, assessed how elementary teachers’ understanding of child
development influenced their SSI teaching practice. The findings examined the qualitative phase
of the broader mixed-methods study, in which 10 primary teachers from Ontario, Canada
participated in semi-structured interviews. Collectively, these teachers indicated a strong concern
that primary-aged students were not capable of learning SSI. Further, they demonstrated a rhetoric-
practice cognitive dissonance through inconsistency in their declared beliefs in students’ abilities
and their teaching practice. Educators, in one sense, were aligned with developmental
psychologists and cognitive scientists who recognized the value of complex science-based learning
experiences, while in another described elements of a current child’s developmental stage as a
barrier. Informed by these findings, to support both in- and pre-service teachers in integration of
SSI topics, this article offers several developmentally appropriate pedagogies rooted in
storytelling, alongside general recommendations for teacher education programs and professional
learning.

Keywords: socioscientific issues, child development, elementary science education,
storytelling, preservice teachers
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in education

“I Think It Would Just Go Over Their Heads”: An Exploration into Teachers’
Developmental Views of Elementary Students’ Learning about Socioscientific Issues

The children of today are destined to inherit a future marked by insurmountable environmental
and societal challenges. It is projected that by 2050, the average global temperature will increase
by approximately 1.5°C to 2°C, and, depending on societal efforts, this increment can range from
1.9°C to over 4°C by 2100 (Ellis et al., 2024; Lindsey & Dahlman, 2025). Based on these
predictions, children born in the year 2020 will experience a significantly higher number of
extreme climate events throughout their lives compared to previous generations (Thompson, 2022;
United Nations, n.d.). To cope, students need to be adequately prepared to become active citizens,
equipped with vital knowledge, skills, and motivation to understand and make informed decisions
about environmental and societal challenges.

Conversations surrounding the incorporation of socioscientific issues (SSI) in science
education have been ongoing for several decades (Zeidler, 2014), yet a noticeable gap remains in
understanding how to introduce complex, science-based issues to primary' (Grades 1 to 3) students
(Krushelnycky, 2025). Regardless of the cognitive, developmental, and curricular research
supporting the integration of SSI, there are limited studies conducted in elementary science
classrooms, with even fewer studies sampling primary-aged children (Kahn, 2021). Consequently,
these children are excluded from critical conversations and opportunities to grow as actionable
citizens, an immeasurably valuable trait given current and future global crises (Fazio, 2023). We
argue that young children do not need to wait until adulthood to learn about SSI. They have the
right to know about the issues plaguing society and be given the knowledge and tools to navigate
these issues (Krushelnycky, 2025).

In this article, we explore one element of a larger research study which, in part, assessed
how elementary teachers’ understanding of child development influenced their SSI teaching
practice. The purpose of our work is to understand the realities of the primary science classroom
to better support teachers by suggesting pedagogical strategies to appropriately introduce SSI at
this level. In line with this aim, we begin with an exploration of current literature to provide a brief
overview of SSI and its evolution within Canadian science education. Then we examine
development in relation to cognitive science and learning theory to better realize primary students’
capabilities in understanding complex SSI-related topics. We then bridge the two overarching
themes of SSI and child development by comparing several studies that specifically describe key
development-oriented implications for practice. Building upon these, we describe the larger
study’s framing as well as the portion of applicable methodology and findings that outline
elementary teachers’ attitudes towards teaching SSI and perceptions of young students’
capabilities. We conclude this article with suggestions for developmentally appropriate?
pedagogical approaches that are accessible and practical for primary-level science classrooms, as
well as outline necessary in-service and pre-service teacher (PST) learning.

! In Ontario, Canada, the term primary in education refers to students in Grades 1 to 3 who are between the ages of
five and eight. The terms elementary and early elementary will be used interchangeably with primary throughout the
article.

2 The term developmentally appropriate, based in part on the definition provided by the National Association for the
Education of Young Children (NAEYC) (n.d.), refers to teaching methods, activities, and environments that promote
children’s optimal development and learning and match their age, personal strengths, and cultural background.
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The Emergence of Socioscientific Issues in Canadian Science Education

The landscape of science education has undergone substantial change as rapid advancements in
science and technology continue to reshape society. Historically, the Canadian science curriculum
prioritized the factory model® of scientists and engineers for international recognition and to gain
a competitive edge in world events (Martinovic & Milner-Bolotin, 2022; Tippett etal., 2019). This
was reflected in classrooms across the country, aiming to prepare students for future careers and a
society inundated with new technology (Aikenhead, 2005).

The Science Council of Canada’s (1984) seminal report, entitled Science for Every Student:
Educating Canadians for Tomorrow’s World, stated that for Canada to cope with the emerging
social changes rooted in specialized technologies, citizens required an education comprised of not
only the traditional basics of language and mathematics, but a new contemporary culture of science
and technology. This report brought forward four aims to build scientific literacy: 1) to encourage
full participation in a technological society, 2) to enable further study in science and technology,
3) to facilitate entry into the world of work, and 4) to promote individual intellectual and moral
development, with the concluding consensus of “Science for All” (p. 6) dominating the curricular
narrative (Di Giuseppe et al., 2007). In its wake, the Canadianized adoption of programming such
as Science, Technology, and Society (STS), later with additional nods to environmental
considerations (STSE), and SSI (Pedretti, 2003; Pedretti & Nazir, 2011; Zeidler, 2014) began.

While STS, STSE, and SSI are conceptually related, they are distinct. STSE is an issue-
based framework that most tightly aligns with Vision I’s idea of ‘school science’ as it assists
students in understanding the nature of, and relationships between, science and technology (Di
Guseppe et al., 2007; Roberts & Bybee, 2014). Where STS is limited by its lack of theoretical
framing, STSE builds upon it significantly (Aikenhead, 2005; Pedretti, 2003). STSE begins to shift
the concept towards Vision II, introducing the advocacy of scientific literacy rooted in ethical,
individual, and social responsibility, as well as addressing environmental perspectives, and
interweaving multifaceted complexities that envelop a scientific and technologically literate
citizen (Aikenhead, 2005; Padamsi, 2017, Pedretti, 2003; Pedretti & Nazir, 2011).

The SSI framework can be aligned with Vision III of scientific literacy (Sjostrom, 2024),
which involves the deliberate use of scientific topics with ethical-social-political ramifications that
necessitate students’ participation in various forms of discourse (Zeidler & Sadler, 2023). It
contextualizes personally relevant, often controversial, and ill-structured societal issues that
inspire scientific, evidence-based reasoning to inform the decision-making process, while
orienting curriculum to real-world experiences (Chowdhury et al., 2020; Sjostrom, 2024; Zeidler
& Sadler, 2023). The SSI framework has both implicit and explicit ethical components that
students must experience, which require a degree of moral reasoning. By extension, it helps to
accentuate the formation of character, value, and virtue development as long-term pedagogical
goals (Zeidler & Sadler, 2023). In this way, SSI goes well beyond what is often expected in ‘school
science,” as it encourages the formation of functional scientific literacy per the promotion of
citizenry (Chowdhury et al., 2020). Examples of SSI topics include climate change, vaccinations,
genetic engineering, water fluoridation, and genetically modified organisms (GMOs).

Given the reputation of SSI topics being more intense when compared to traditional
pedagogy for science, it is justifiable that educators would choose the considerably safer, fact-

3 The factory model of education reflects the framing of schooling in Canada occurring primarily during the 19
century to refer to the school-to-career pipeline.
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based approach to content (Zeidler & Sadler, 2023). However, the true benefits emerge from this
messiness, as learners who engage with SSI have been found to possess greater overall content
knowledge, a stronger understanding of the nature of science, and an enhanced development of
ethical, moral, and evidence-based reasoning skills (Sadler & Dawson, 2012). This aligns with
cognitive science and developmental theory which point to the necessity of young children’s
engagement with increasingly complex scenarios to improve higher-order thinking among them.

In-Service and Pre-Service Teacher Professional Learning

Kinskey and Zeidler (2020) have noted that while formal preparation is necessary for PSTs to feel
confident in teaching SSI, little has been done for in-service elementary teachers who may not
have a background in science or may not have taken an undergraduate science curriculum and
pedagogy course in their teacher education program (Krushelnycky, 2025).

Furthermore, teachers must be competent in applying different pedagogical approaches
across disciplines. SSI is inherently an intersectional framework as the multifaceted problems it
explores overlap with social, economic, ethical, political, and scientific factors that require cross-
disciplinary thinking (Zeidler & Nichols, 2009). In tandem with Zeidler and Sadler (2023), one
method to mitigate developmentally centred learning is to become competent in enacting
interdisciplinary curriculum. Thus, to proactively approach SSI and encapsulate its complexity,
SSI education must begin during teacher education so that PSTs feel capable of applying several
disciplines at differing levels of integration in their future classrooms. Deriving from this, both
PSTs and in-service elementary educators must unify their knowledge of SSI, interdisciplinarity,
and development theory to execute appropriate pedagogical tools.

Development and SSI During the Formative Years

Even in the 21 century, our understanding of child development is still evolving. As an educator,
having an informed understanding of a child’s development plays an invaluable role in our
awareness of how children learn about SSI and how that knowledge is compartmentalized
(Krushelnycky, 2025; Metz, 1997). Throughout history, theories have attempted to organize and
make sense of why people are the way they are (Miller, 2022). Notions of childhood and
development theory are anchored in the writings of philosophers such as John Locke and Jean
Rousseau (Budzyna & Buckley, 2023). Their revolutionary ideas, conceptualizations of integrated
curriculum models, and child-centred approach to teaching would eventually emerge and pave the
way for modernized approaches (Budzyna & Buckley, 2023; Koops, 2023).

Developmental theorists such as Jean Piaget, a representative of traditional education, and
Lev Vygotsky, a figurehead of the social reconstructionists, laid the foundations of how we
approach education and underpinned how curriculum is developed (Vadeboncoeur, 1997).
Historically, Western education in Canada has been primarily influenced by Piagetian theory
(Zhang, 2022), believing that an individual’s thought processes change slowly over time across
four distinct developmental stages, each progressively becoming more advanced and nuanced than
the last. However, in more recent years, schooling has taken a more Vygotskian approach,
emphasizing the role of one’s social environment, the co-construction of knowledge, and the value
of socioemotional elements (Cohen, 2017; Keenan et al., 2016; Scott & Cogburn, 2023). While
longstanding theories have shaped the concepts of childhood and development for decades,
concerns now arise regarding their relevance to current generations, given that advancements in
technology and significant social changes have transformed the developmental landscape
(Krushelnycky, 2025; Miller, 2022; Ryan & Grieshaber, 2004). Furthermore, these foundational
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theories inform educators’ perspectives when teaching SSI, making their influence invaluable by
way of their role in teachers’ practice.

Learning and Complex Thinking in SSI

As is in the name, the formative years (up to eight years old) of an individual’s life are critical for
cognitive, physical, social, and emotional maturation, as well as the most transformative for the
development of morality (UNICEF, n.d.). Experiences during this period affect the architecture of
the brain, laying the foundation for future learning and behaviours (Center on the Developing
Child, n.d.). Countless studies of early cognitive development have highlighted the incredible
nature of the mind, labelling it as competent, active, and insightful beginning in infancy (Allen &
Kelly, 2015; Ma, 2013).

According to Dehaene (2020), children behave like “budding scientists™ (p. 60) from birth,
who reason like statisticians and seek logic in the abstract by searching for hidden causes of various
phenomena. This innate tendency to question, identify patterns, and construct explanations,
reflects the idea that children are capable sense-makers who actively engage with the world around
them. These complexities are not limited to tangible manifestations such as object permanence but
extend into the realm of morality (Dehaene, 2020). Beginning in early infancy, children begin to
recognize the binaries of right and wrong, while continuing to learn moral reasoning through

observation of and modelling from perceived influential figures such as parents, guardians, and
teachers (Bandura, 1971; Dehaene, 2020; Ma, 2013).

Hence, it becomes especially imperative that young children are provided opportunities to
observe, explore, and engage with stimuli that encourage the formation of ethical and moral
reasoning skills. This reasoning helps children to recognize perspectives different from their own,
think critically about the concepts of right and wrong, and use these to develop a sense of empathy
(Killen & Dahl, 2021; LoBue et al., 2011). As children’s empathy and cognition mature, moral
development progresses, highlighting the importance of educational programming like SSI that
cultivates character growth through ethical dilemmas involving several forms of dialogue.
Exposure to these conundrums creates cognitive conflict that necessitates higher order thinking
required for development (Kohlberg, 1981; Yilmaz et al., 2019). To fully understand how children
learn and grow in conjunction with how they interact with SSI, it is crucial to look beyond the
conventional intersection between genetics and the environment, and towards a perspective that
incorporates the many sociocultural, biological, and psychological systems that are encountered
by children as they move through life (Seifert, 2012).

SSI in the Primary Science Classroom

Debate remains ongoing regarding whether SSI education is possible or desirable in elementary
science classrooms, with those citing the need to improve scientific literacy, and those opposed
describing knowledge constraints and developmentally inappropriate conversation (Lewis &
Leach, 2006; Roberts & Bybee, 2014). For example, while studying environmental ethics, Sobel
(2008) observed that young children can easily become overwhelmed by environmental issues. As
per Sobel, discussions surrounding SSI should begin at fourth grade or later, as discussing these
earlier causes significant emotional distress and ecophobia. Similar findings were reported by
Kahn (2021), who notes that the students of Grades 1 and 2 struggled to navigate between real and
fake situations, struggled to manoeuvre between emotional and rational thought during scientific
argumentation, and experienced difficulty in regulating emotions.
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The findings across these studies are not uncommon, with the primary pitfall experienced
being premature abstraction while discussing SSI. The concept of abstraction in cognitive science
refers to the fundamental process of distilling the complexities of sensory experiences,
relationships, and nuances of life into generalizable, symbol-like mental concepts without them
being immediately present or tangible (Sheposh, 2022; Shivhare & Kumar, 2016; Suh, 2019). The
ability to think in this manner varies at different levels of learning. Both cognitive development
and ability evolve gradually from infancy to adolescence (Chaparro-Moreno et al., 2023;
Demetriou, 2020; Gleason & White, 2023). Premature abstraction, then, refers to the attempt to
accelerate, teach, or force a child to process macro-level concepts beyond their current cognitive
abilities (Dumontheil, 2014; Sobel, 2008; Stanborough, 2026). While the ability for a child to think
in this way may appear advanced, it can lead to excessive worrying and catastrophizing as they
attempt to navigate adult-level concepts without the emotional maturity to cope (Sobel, 2008;
Stanborough, 2026). Regarding SSI education, Sobel (2008) specifically cited concerns of
stripping the wonder and whimsy from learning.

Similar research situating environmental issues from children’s perspectives has revealed
that their concerns were often expressed intensely through sadness, anger, fear, and an
overwhelming pessimism towards the future, which often clouded their abilities to fully engage
with the SSI (Pihkala, 2024; Strife, 2012). Heightening these already intense emotions, before even
entering the classroom, children are often exposed to forms of media (e.g., television, movies,
social media, etc.) that tend to frame SSI (most notably climate change and global warming) as
apocalyptic via a fear appeal tactic (McKnight, 2010; Strife, 2012). Rather than promoting pro-
environmental behaviours, such approaches cause feelings of frustration and powerlessness
(Sobel, 2008; Strife, 2012). However, in opposition to Sobel’s call for complete avoidance, Kahn
(2021) amplifies the necessity of implementing the SSI framework during early elementary so
students could exercise their moral reasoning skills, practice building evidence-based arguments,
and better comprehend the nature of science.

It is also worth noticing that Gormley et al. (2019) and Spiteri (2021) mention that young
children who engaged with SSI topics did not exhibit ecophobia, but demonstrated positive
attitudes towards environmental preservation and conservation, showed enthusiasm for learning
others’ perspectives while sharing their own, and made connections to their community through
action. Across the empirical studies, broad SSI topics such as pollution, healthy eating, forensics,
and native wildlife were localized and presented to elementary students. These real-life issues
addressed held significance to students as they were current in their community and personal
interests, while being aligned with regional curriculum expectations. Additionally, both Gormley
etal. (2019) and Spiteri (2021) suggest that discussion of the SSI topics should be done in a manner
that fosters an appreciation for the environment, encourages citizenry, and promotes actionable
change, all through a hope-oriented lens. Alongside this, to quell concerns of ecophobia and
appropriateness, pedagogical adjustments should be made to adapt to primary students’ current
development including age, experiences, and interests (Gormley et al., 2019; Spiteri, 2021).

Theoretical Framing of the Research Study

The larger empirical study that informs this article was guided using the SSI theoretical framework,
which holds dual purposes in science education: its utility in addressing SSI in the context of the
psychological, social, and emotional maturation of learners, and its flexibility to the sensitive
nature of multiple perspectives of research pertaining to scientific literacy (Zeidler, 2014; Zeidler
& Sadler, 2023). Conceptually, the SSI theoretical framework was designed to utilize the science
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curriculum as a vehicle to foster individual moral sense and discernment, character development,
and social responsibility. Additionally, this study was informed by several theories of child
development of cognition, socioemotional skills, morality, and learning. All domains and
interpretations were treated equally, with no single theoretical approach considered over another.
The following research questions guided the larger study and inform this article:

1. How do teachers’ assumptions of primary students’ ability to engage with socioscientific
issues impact their implementation?

2. How might we support primary teachers to navigate the unique challenges of presenting
SSI to young students?

The first question delineates the scope of the initial study, the findings of which are presented in
the subsequent section. The latter question emerges as a logical extension of these conclusions and
examines the prospective approaches of SSI within primary science classrooms.

Methodology

The larger study was approached pragmatically, utilizing an exploratory sequential mixed methods
quantitative-qualitative design to address the multifaceted nature of SSI and child development.
Quantitative data collection began in October 2024 until February 2025 via an online survey
(N=41), directly followed by voluntary, qualitative, individual, virtual semi-structured interviews
(n=10) which took place from February 2025 to March 2025 (Krushelnycky, 2025). This article
focuses on the findings based on the qualitative interviews.

The participating teachers were a combination of eight generalist and two itinerant
primary-level science teachers from a school district in Ontario, Canada. Generalist primary
teachers were described as individuals who are not specified science teachers, while primary level
science teachers were defined as those who specifically teach science on rotation as an itinerant.
Their classroom experience ranges from Long Term Occasional (LTO) to over 30 years’
permanent full-time teaching. Each interview was audio-recorded and transcribed through
Microsoft Teams™ Al-generated software. Transcripts were reviewed in tandem with recorded
audio to ensure accuracy. Scripts were anonymized and returned to respective interviewees to
conduct a member check.

Once the finalized transcripts were returned, an inductive thematic analysis was employed
to synthesize common themes and explore the distinct experiences, perspectives, and insights
shared by the teachers. A manual coding process, beginning with open coding, was used to
thoroughly capture participants’ experiences (Bingham, 2023). This was followed by axial coding
to re-examine and identify relationships and patterns amongst surfacing concepts (Simmons,
2017). Scripts were then re-reviewed, and emerging themes were refined through clear definitions.
Direct quotes that most aligned with the conceived codes and definitions were identified and
culled. A finalized subset of common themes was identified, and conclusions were drawn in
relation to the study’s research questions.

For this article, responses to questions that pertained to teachers’ attitudes towards and
understanding of SSI and child development are explored in-depth to highlight the intersection of
these in science education. When directly referring to a teacher’s response, a pseudonym is used,
and the grade they were teaching at the time of data collection is indicated.
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Findings and Discussion

Overwhelmingly, the teachers in our study were cautious in their perceptions of students’ learning
capabilities (e.g., cognitive abilities, emotional readiness, maturation, etc.) and continuously
connected this perception to students’ developmental stages. From this, two systematic cognitive
dispositions emerged: a bias based on the perception that children’s stage of development is a
deficit to their potential to learn about SSI and a cognitive dissonance centred on the attitudes and
execution of educators teaching SSI.

Teachers’ Concerns Around Children’s Developmental Stage as a Hurdle for SSI
Education

A frequent concern that emerged from participants was the perception of young students. Teachers
reported that children’s developmental stages in the primary years limit their ability to learn about
complex science-related topics. Participants suggested that primary students were incapable of
meaningfully engaging with SSI topics that require higher order thinking skills, life experience,
and a certain level of cognition and maturation that is achieved only in adolescence. Moreover,
teachers commented on the developmental appropriateness, which is described as the expectations,
environments, and teaching methods that best align with a child’s current age, individual abilities,
and cultural background (NAEYC, n.d.; Schon, 2022) of SSI. Many of these concerns were rooted
in the fear of scaring students or causing distress. Teachers further perceived students as lacking
the cognitive capacity necessary to process SSI without experiencing cognitive overload.
Therefore, children’s developmental stage was perceived by these participating teachers as a
barrier to potential learning of complex SSI related concepts that involve ethical and moral
dimensions, recognition of consequences, identifying cause and effect, recognizing and valuing
differing perspectives, risk of ecophobia, etc.

The participating teachers also commented on students’ perceived shortcomings such as
egocentrism, lack of maturity, inability to recognize nuances of complex situations, and emotional
dysregulation, identifying these as constraints that would only allow surface-level understandings
of any SSI topics presented. For instance, Ms. Miller who was involved in teaching science as an
itinerant teacher for over 20 years, expressed their perspective on primary students’ ability for
abstraction: “Children as a rule are very egocentric ... if it’s not in their immediate vicinity, they
don’t have the cognitive ability to see the bigger picture.” In the same vein, Ms. Jones, a generalist
Grade 2 teacher, had concerns as to whether or not it would be worth introducing SSI in their
classroom. They noted that young students would not be able to form meaningful connections
between the science concepts and the world around them: “I don’t think they [the Grade 2 students]
get the impact locally, but I do think they have a general knowledge and understanding about what
it means, but the impact, I think that’s still far away.” Similarly, Ms. Walker, who was involved in
teaching science across Grades 1 to 3 for over 20 years, commented, “I think they [the students]
are still too little. I mean you could [teach SSI topics], but I don’t think they’re going to fully
understand.”

Like other participants, Ms. Summers, a generalist Grade 3 teacher, placed significant
weight on the maturity of young students as to whether teaching SSI is worth attempting, stating,
“I feel like [for teaching SSI], a junior grade level [Grades 4 to 6] would be appropriate. However,
depending on the maturity level of your grade threes [the students of Grade 3], because they’re at
the end of primary ..., it all depends on the maturity level.” Other teachers were more direct in
expressing their concern about younger students’ cognitive abilities. For example, when asked
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about introducing SSI to primary students, Ms. Rain, a generalist LTO currently teaching in a
Grade 2 classroom, claimed, “I think it [the teaching of SSI] would just go over their heads.” Ms.
Rain’s statement summarizes the common consensus among teachers’ who shared similar
sentiments when parsing rationalizations for not teaching SSI topics in their primary classrooms.
Teachers also expressed discomfort around teaching SSI as evident in the following interview
excerpt from Ms. Smith, a generalist LTO teaching across the primary division. Ms. Smith
commented:

My first instinct is to like, oh my goodness, I have to hide it [the SSI topics] from them ...
I don’t want to expose them to something scary and traumatic. But I’ve started to realize
it’s actually ok to have these conversations about it. ... Children are naturally curious; they
[students] ask questions all the time. (Ms. Smith, Individual Interview, March 2025)

Overall, teachers considered primary students’ developmental maturity, cognition, and
experience as significant barriers to meaningfully engage with SSI, influencing their decisions to
introduce these complex issues in the classroom.

Cognitive Dissonance: Attitude vs. Execution

Across this study’s findings, there was a sense of hesitancy and ambiguity among educators about
teaching SSI in primary/elementary grades with the phrase ‘it depends’ preluding most of their
responses. Overarchingly, this phrase was used to paint some students as more capable (in terms
of cognition, maturation, etc.) than others, which in turn, generalized groups of children in their
classroom. Paradoxically, several teachers who held these beliefs also praised primary children’s
potential as per their developmental stage. Most teachers expressed this disconnect implicitly,
referencing phrases such as children being “like sponges” (Krushelnycky, 2025, p. 99), before
going on to list several development-centred challenges as to why it was not possible or desirable
to introduce SSI at this grade level. For example, Ms. Carter began by commending young
children’s perspectives and abilities to engage abstractly with complex topics at the Grade 2 level
as evident in the following interview excerpt:

Children are incredibly bright ... they can pay attention to far more things than I think we
realize, and I just find, over my years of teaching, I just find that children see things in a
different light than maybe even we’re thinking they do. (Ms. Carter, Individual Interview,
January 2025)

Yet, they quickly added that certain elements of SSI should be avoided due to their complexity,
stating:

If you’re talking about things like a real-world problem, like recycling, I think you can start
that as early as JK [Junior Kindergarten]. I think if you’re starting with something a little
more complicated or controversial, I would say wait until probably the junior grades
[Grades 4 to 6]. (Ms. Carter, Individual Interview, January 2025)

This mismatch between participating teachers’ beliefs and actions reflects cognitive
dissonance, a psychological phenomenon in which an individual simultaneously holds two
contradicting beliefs that cause discomfort (Harmon-Jones & Mills, 2019; Korteling & Toet,
2020). These primary teachers, in one sense, aligned with developmental psychologists and
cognitive scientists in terms of young children’s exceptional learning potential and the value of
critical experiences, such as those available through SSI (Gormley et al., 2019; Kahn, 2021). On
the other hand, they described elements of a current child’s developmental stage as a barrier to
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introducing SSI. Research suggests that when an educator experiences discomfort or hesitation in
their practice, developmental knowledge prevails (French & Woodring, 2012). This should allude
to the idea that teachers would become more inclined to attempt or appropriately adjust SSI topics
to suit primary students’ needs because they have the knowledge of foundational child
development theory to do so. However, as evident in the findings of this study, even with this
awareness, teachers remain wary of teaching SSI in their primary classrooms.

Teachers’ Perceptions of Primary Students

The perspectives expressed by primary teachers closely align with Kahn’s (2021) findings, as they
also identified that young children’s science learning abilities are frequently underestimated by the
teachers due to deficit-oriented approaches about children’s cognitive abilities and assumptions
stemming from limited understandings of development theory. While we can only speculate on
the exact turning point of how teachers’ beliefs about children’s developmental stage and concerns
around the ability to learn SSI came to be, anecdotal evidence provided by the teachers of this
study, holds merit. Alongside well-known challenges of time, lack of Ministry of Education-
appointed resources, and limited administrative support (Presley et al., 2013), these teachers
described a “generational shift” (Krushelnycky, 2025, p. 59) in terms of how students learn,
behave, and socialize with one another. The predominant message reflected in their interviews
indicated that the children today cannot do what the children of past decades could. For example,
when comparing primary students throughout their years of teaching, Ms. Williams, a generalist
Grade 3 teacher with over 20 years of experience, stated: “Students that I had 10 years ago, yes
[they could understand SSI]. Students today, again, it depends on the topic ... I think that kids
today ... they are not engaged in what’s going on in the world around them.” This illustrates that
SSI was once possible at the primary level, but within the current classroom climate, it does not
feel feasible.

Hence, based on the findings of this study and supporting literature (Barr et al., 2024;
Krushelnycky, 2025; Miller, 2022), it can be theorized that the hesitation of teachers to integrate
SSI may stem in part from misunderstanding of child development in theory and practice.
Children, as noted, are being raised under incredibly different circumstances in comparison to
those observed when foundational theories were emerging. Modern factors, including increased
screen time beginning in infancy (McArthur et al., 2022; Muppalla et al., 2023; Ponti et al., 2022),
sedentary lifestyles (Prince et al., 2020), limited socialization caused by the COVID-19 pandemic
lockdowns (Lariviere-Bastien et al., 2022), and contemporary parenting practices (Masamba,
2024; Sanvictores & Mendez, 2022) could not have been originally accounted for in some of these
foundational developmental theories, possibly resulting in a disconnect between teachers’
understanding of children’s potential per developmental and cognitive science. To this end, it can
be theorized that teachers’ understanding of child development may not be reflective of current
realities of children and their learning. As such, reliance on classical developmental theories may
be hindering how teachers perceive young students and their abilities to engage in SSI (Cantor et
al., 2019, Krushelnycky, 2025). Although SSI are inherently complex, young children possess
incipient reasoning, empathy, evidence-based explanations, and sense making that can be
intentionally cultivated through developmentally appropriate pedagogies (Krushelnycky, 2025;
McCrory & Reiss, 2023). SSI should not be positioned as cognitively unavailable for primary
learners; rather, when carefully scaffolded, they may constitute a powerful teaching approach
through which children can exercise and further develop these emerging capabilities.
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Based on the findings of this study, we suggest that consistent phrasing from teachers in
terms of children lacking cognition and socioemotional skills not only diminishes their potential
but also reinforces the faulty narrative that children are incapable of meaningfully learning about
complex SSI topics (see Figure 1). To quell these uncomfortable feelings, teachers avoid
introducing SSI topics to their students and are far less likely to take the initiative of integrating
such topics into their practice. These decisions are rationalized per the initial assumptions of
primary students’ developmental state. Consequently, the outcome of these teacher behaviours is
crucial as it results in the absence of teaching and learning opportunities of SSI topics during
children’s formative years. Eventually, should this cycle continue as children progress through the
primary grades, this will lead to the risk of decreased motivation and interest in critical science
topics, lowered scientific literacy, and potentially create further societal challenges in future as
also evident in the previous studies (Allen & Kelly, 2015; Bastani, 2016; Zeidler & Sadler, 2023).
It is important to note that these findings do not intend to blame educators for holding particular
beliefs about children and their developmental stages. Instead, they highlight that the issue of
introducing SSI at the primary level is incredibly complex. Because an individual teacher’s content
knowledge about specific SSI topics, comfortability, emotions, and personal beliefs of what is
‘best’ for their students, influences their decisions as to whether teaching and learning of SSI
should be addressed at this age-level. Alongside these, the multifaceted demands that are placed
on teachers and the complexities of the classrooms also play a significant role in the decision-
making process.

In the next section, we describe some developmentally appropriate pedagogical strategies
for introducing SSI in primary science classrooms that may help interrupt this cycle.

Figure 1
Model of How Primary Teacher Perceptions Develop

Teachers Perception of

Haiary SondEnie Teachers Response Overall Outcome

» Lack of maturity
+ Egocentric o Avoidinie « Primary teachers not having SSI-

« Inability to take perspective Hesitati related discussions with their
e . o « Hesitation

« Inability to form own opinions ) i ) ) students

A0 . Results in... + Discomfort Results in... 4 5 :
« Lack of life experience . . « Students losing opportunities to flex

G i = + Lack of initiative : & E
« Can't make meaning without . - - their sense of morality and character
3 » Lack of belief in student capabilities
experiences developmental

» Lack of socioemotional skills « Reinforcement of misconceptions of
« Lack of empathy children's learning abilities
« Lack of emotional regulation

Results in...
P

Recommendations for SSI-based Pedagogical Strategies with Young Children

To support in-service primary teachers’ and PSTs’ integration of SSI topics into their science
teaching practice, an understanding of developmentally appropriate pedagogical approaches is
needed. At present, literature describing the incorporation of SSI topics in primary science
classrooms is relatively scarce, with most studies sampling university, secondary, and upper
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elementary (Grades 4 to 8) students. To compensate, we draw from early childhood development
research while interweaving familiar, accessible pedagogy that may allow generalist primary
teachers to confidently explore SSI with a child-centred approach. In the following section we
discuss storytelling and its various forms as potential pedagogical strategies for teaching SSI to
young children.

Storytelling

Despite being one of the most fundamental tools available, storytelling is often overlooked in
science education (Andrade, 2025). The concept of storytelling and orality exists universally
across cultures as our most natural and familiar way of compartmentalizing experiences (Bruner,
1996). In fact, it is the way in which most human knowledge is constructed within the context of
personal stories and relevance (Bowman, 2018; Landrum et al., 2019). Storytelling in a teaching
capacity serves several purposes, including fostering interest, providing structure for content,
sharing information through an accessible medium, and helping in creating a more personal
connection between knowledge and learner (Green, 2004; Landrum et al., 2019). As a pedagogical
tool, its effectiveness emerges from its concreteness, specificity, and narrative organization (Walan
& Enochsson, 2019). From a cognitive science standpoint, storytelling is considered
psychologically privileged in terms of memorability. At its core, the human brain reacts to what is
happening in a story as though it were a genuine experience (Landrum et al., 2019). This is because
it has evolved to process lived experiences sequentially in scripts akin to narratives (Copeland et
al., 2015). This intersubjectivity allows learners to empathize with characters and fill-in
undisclosed gaps regarding their perspectives via active comprehension (Landrum et al., 2019).

Many of the benefits of storytelling align with the work of Kieran Egan, whose theory of
imaginative education proposed a five-stage model that described children’s development through
successive, increasingly sophisticated cognitive tools, the most applicable at this time being mythic
(Krushelnycky & Karrow, 2024; Egan et al., 2016; Judson et al, 2021). Although there is no
defined age per stage, mythic understanding tends to develop during early childhood, when
children begin to categorize the world through binary opposites (e.g., good vs. evil, love vs. hate,
sustainability vs. greed, bravery vs. cowardice, etc.), clear beginnings, middles, and ends as they
parse through subtleties and nuances of knowledge (Egan, 1986). Alongside this, Egan (2005)
proposed a reversal of what is referred to as ad hoc principles, the basis of which stems from the
assertion that education relies too heavily on logic and ignores the natural whimsy of a child’s
mind. Instead, Egan recommended working from the abstract to the concrete, allowing children to
explore complex ideas through imaginative means. Science as a discipline already presents young
children with countless abstract concepts that can be difficult to fully grasp, with SSI going beyond
general content knowledge and necessitating additional higher order processing skills. Through
storytelling, these abstract ideas are woven into concrete ones by anchoring them into familiar
experiences that children can relate and feel connected to (Hadzigeorgiou, 2016). The narrative
structure also provides clear sequencing of cause-and-effect relationships, helping children to
visualize abstract aspects of SSI and of how their decisions and actions can and will impact the
natural world around them. When combined with intentional fostering of environmental empathy
(McKnight, 2010), storytelling offers a cognitively and developmentally favourable strategy that
supports simplification of difficult topics and makes them palatable for young children.

As mentioned previously, the art of storytelling comes in many forms, with the medium in
which it is delivered shaping how the message is received, interpreted, and understood by the
audience (McLuhan, 1964; Rowcliffe, 2004). The remainder of this section will examine a range
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of storytelling approaches and explore their potential to effectively introduce SSI to primary
students.

Picturebooks

Picturebooks* may appear simplistic on their surface, but they are a complex weaving of
multimodal elements that rely on the interplay between words and images, allowing children to
process information both verbally and visually (Crawford et al., 2024; Larragueta & Ceballos-
Viro, 2018). Typically, both aspects are crafted purposefully with deliberate, meaningful
aesthetics, intended to complement one another. Colour and imagery, for example, are meant to
elicit emotional reactions, while the words offer aids in engaging the reader through rhythm, sound,
and descriptive language, often using child-directed speech, although they appeal to all ages
(Ciecierski et al., 2017; Crawford et al., 2024; Montag et al., 2015).

As a pedagogical tool, picturebooks have been shown to hold incredible power regarding
cognitive and socioemotional development (Crawford et al., 2024; Sackes et al., 2009). Broadly
speaking, students’ language acquisition and vocabulary improve, critical thinking and
comprehension skills strengthen, creativity is enhanced, and empathy is fostered through
picturebooks (Niland, 2023; Stewart & Koopmans, 2025). In terms of science education,
picturebooks play an invaluable role by presenting content knowledge that is perceived as abstract
to young learners and making it concrete while improving both general literacy skills and scientific
literacy as well as cultivating scientific inquiry (Fazio & Gallagher, 2019; Sagkes et al., 2009;
Sohn et al., 2018).

Using images as cognitive supports, children can bridge seemingly out-of-reach concepts
(e.g., climate change, pollution) by presenting such ideas through familiar, affectively stimulating
narratives via the combination of visuals and text to enhance understanding (Spielger, 2020). This
is especially imperative when addressing SSI topics, as concerns surrounding cognition and
complexity can be mitigated through selecting a resource to support learning. Picturebooks have
been recorded to be exceptionally effective for character education by facilitating the transfer of
core values, with some guidance from educators (Breitfeld et al., 2021; Parker & Ackerman, 2007;
Turan & Ulutas, 2016). In their review of the literature, Strouse et al. (2018) found that primary-
aged children may struggle with identifying moral messages and often describe superficial
characteristics over deeper themes. To accommodate this, the role of the teacher is to facilitate
student learning through read-aloud techniques that scaffold learning using deliberate pauses to
evoke thinking, asking intentional questions at points of contention to encourage empathic
perspective-taking, and clarifying ethical and moral conundrums present so that children may
explore them more meaningfully.

Cartoons and Comics

Incorporating cartoons and comics as pedagogical tools first emerged in the 1990s and has since
become integral to the landscape of elementary education (McCrory & Reiss, 2023). Both
instruments, although separate entities, serve as innovative methods of visual storytelling (be it
digitally animated or graphics on paper) and as a medium to simplify complex topics, explore
social commentaries, and engage affective domains to aid in meaningful learning (Kumar &
Kumar, 2024). With their vibrant visuals and narrative structures, cartoonists not only have the

* The spelling of picturebooks as a single word signifies the inseparable relationship between words and pictures per
research on literacy and storytelling (Crawford et al., 2024).

19

This work is licensed under a Creative Commons Attribution-Noncommercial-No Derivative Works 3.0 Unported License. www.ineducation.ca



in education

ability to shape the experiences of the reader, but the work itself has the power to stimulate
cognitive processes (e.g., vocabulary and language acquisition), facilitate information retention,
and promote a deeper understanding of complex topics in science (Ozdemir, 2022).

As with picturebooks, comics and cartoons translate complex scientific topics into
accessible, developmentally approachable visual narratives. Their multimodal structure supports
primary students’ SSI comprehension by providing concrete, stimulating representations of
seemingly abstract concepts (e.g., the impact of climate change, the necessity of sustainability and
conservation, and GMOs). Through the story form, comics and cartoons present a range of
viewpoints about science ideas in situations using characters that students can interpret the actions
(or lack thereof) and identify consequences or consider alternative outcomes, providing
opportunities to improve evidence-based reasoning, promote dialogue, develop scientific
understanding and achieve higher quality argumentation skills (Abrori et al., 2026; McCrory &
Reiss, 2023).

Puppeteering

Puppetry is a cross-cultural ancient form of artistic expression that is a variation of storytelling and
human theatrical productions (McCrory & Reiss, 2023; Speaight, 2023). While there are several
different types of puppets (e.g., hand, marionettes, rod, etc.) for varying purposes, a puppet
constitutes a moveable doll, whose emotions, thoughts, and (potential) vocalizations are conducted
by a puppeteer (Kroger & Nupponen, 2019).

Current media has popularized puppets in children’s programming, such as Sesame
Street™ and the Muppets™, to not only provide entertainment, but support cognitive,
socioemotional, and physical development (Hensley, 2019). Sesame Street™ particularly has been
known to tackle complex conversations, including racism, homelessness, grief, trauma, and
significant family changes. Additionally, puppets are frequently used as a tool in therapies with
young children to help them explore difficult emotions and concerns in non-threatening ways so
that they may project their feelings onto a character and process troubling experiences indirectly
(Hartwig, 2021).

In formal primary education, puppets have long been successfully used in the dramatic arts
and literacy to assist young students in developing academic skills (e.g., communication, language,
comprehension), enhancing various cognitive functions (e.g., memory, concentration), and
understanding of complex topics (McCrory & Reiss, 2023). Science education is no exception. As
puppets function as intermediaries between teachers and students, educators can introduce more
controversial, morally loaded topics in a less intimidating manner (Réde, 2021). This form of
distancing enables children to experience difficult emotions (e.g., ecophobia, helplessness) that
may arise when learning about seemingly bleak issues by humanizing the puppet as a separate
entity from themselves (Lillard, 2022). Through thoughtful narrative scripting that appropriately
integrates science concepts, educators can use puppets to model various elements of SSI, including
argumentation, ethical and moral decision making, perspective taking, and how to draw
interpretations using evidence. When students themselves manipulate puppets, they shift their
initial recall of science content to one where they are using their knowledge to reason about the
issue they have learned with a higher degree of thought, as well as take on the perspective of the
embodied puppet who is enduring the SSI from an alternate lens.
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Drama and Role-Playing

Storytelling through forms of theatrics has existed for centuries and involves students in the
transmission of both individual and collaborative stories, often embedding metanarratives
(whether explicitly or implicitly) while exploring an overarching topic (Verriour, 1990). During
childhood, forms of imaginative and dramatic play are incredibly common, beginning as early as
18 months old, increasing with complexity and structure as they mature (Keough, 2024). As
children progress, they begin to use this medium to formulate storylines and take on ‘roles’ as they
play. When engaging in these roles, children exhibit the personality, behaviours, and perspectives
of the character they embody, often reacting in the ways in which the character would, based on
their understanding of the persona and situation. Focusing on primary-level students, drama
strategies can be mutually directional forms of play and exist on a spectrum of unstructured to
structured, pending educator intent (Ambrosio, 2023).

In primary science, types of dramatic play, such as sociodramatic play, have been shown
to serve as a valuable tool for learning about anxiety-inducing issues as children are allowed to
grapple with their fears safely (Ambrosio, 2023; Ungvarsky, 2025). This is especially helpful for
teachers to quell their concerns about young students developing ecophobia when introducing SSI.
Younger students feel comfortable expressing their ideas via a character in a role and for the
teacher or peers to question them, helping students develop their thinking about what is ethical in
science and why (Peleg et al., 2018). A significant advantage of drama is the element of role play.
Role-playing allows students to embody multiple, perhaps conflicting perspectives, which fosters
empathy and enhances argumentation skills, through participating in forms of dialogue (McCrory,
2014; McCrory & Reiss, 2023). Through role-play, educators can also facilitate modelling of
different moral behaviours and actions via scenarios that encourage students to think critically
about choices made by the ‘characters’ and make connections to their own reactions during similar
experiences.

Guidelines for Integrating Storytelling and Implementing SSI in Elementary Science
Classrooms

Many primary-level science resources available offer surface-level exploration into standard
science concepts, following the traditionally dominant Vision I standard of school science. To
move beyond this, two priorities arise: the first being the need for developmentally appropriate
materials that explicitly discuss SSI topics, and the second concerning educators’ understanding
of how to utilize available resources to introduce these concepts effectively. As practical SSI
materials for primary students remain scarce, it is important to support teachers’ general
dissemination of content using what is currently accessible. Figure 2 presents detailed guidelines
of SSI implementation as a flow chart.

To summarize, the first step is selecting an SSI topic that can be approached meaningfully
by the primary students. As with other aspects of curriculum, it is important to interweave an SSI
topic that is both relevant and interesting that will spark initial engagement, while also offering
opportunities to develop scientific literacy, explore differing perspectives, create opportunities for
students to share their thoughts, and work towards actionable change. Additionally, the SSI topic
chosen should be age appropriate and aligned with curriculum goals and expectations. Following
this, the medium for how the narrative is to be presented is selected based on teacher and student
preference, theatrical needs, creative constraints, and the intentionality of the desired message. The
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Conclusion and Significance

SSI are fundamentally complex, fraught with ethical conundrums and social considerations
(Zeidler & Sadler, 2023), and the idea of introducing them at the primary level can feel unviable.
The thought patterns displayed by the participating teachers in this study reflect a greater issue of
cyclical hesitation and avoidance of SSI teaching based on teachers’ assumption of children’s
capabilities. However, there is still hope for change.

Science education during early elementary is not only crucial to several aspects of
children’s cognitive and socioemotional maturation, but also to foster an interest in critical science
topics (Sagkes et al., 2009). The value of science education as a force for citizenry is invaluable in
the way of driving change. Should SSI continue to be circumvented, the potential for harm only
increases as children move through their lives, incapable of understanding the issues they will
confront. For change to occur, teachers must first acquire a thorough understanding of cognitive
science as it relates to current learning and development during formative years. Overreliance on
foundational developmental theories without factoring contemporary societal factors may preclude
judgment of children’s capacity to effectively and meaningfully learn about complex SSI. This
necessitates teachers’ understanding of the conditions shaping students learning and adapting their
practice accordingly. Comparably, generalist primary PSTs may be unfamiliar with the concept of
SSI. As such, exposure during science methods courses and supplemental professional learning
opportunities that introduce developmentally responsive pedagogy, such as storytelling, and how
to integrate SSI topics into their practice are critical to inform PSTs’ understandings of teaching
SSI to primary students.

Primary students are far more capable than perceived and withholding the reality of their
future will only result in ignorance and apathy towards the world around them. Through the careful
planning, primary teachers can begin scaffolding complex SSI and encourage young students to
explore their potential as contributing citizens in a safe and nurturing environment.
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