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Abstract

Narrative methods are increasingly recognized in science teaching for their potential
to deepen conceptual understanding and foster meaningful connections to scientific
content. This review explores their educational significance by examining three main
formats—historical narratives, realistic fiction, and science fiction or fantasy—highlighting
how each can render complex scientific principles more accessible and memorable. Special
attention is given to chemistry education, a field where abstract, multilevel concepts often
pose significant challenges for students. Furthermore, the review explores the integration
of narratives into gamified environments, examining how storytelling functions as both a
motivational engine and a cognitive scaffold to support deeper learning in science. Finally,
the review proposes directions for future research, underscoring the need for empirically
grounded narrative resources that balance imaginative appeal with scientific accuracy
across diverse educational settings.

Keywords: narrative-based learning; science education; chemistry teaching; storytelling;
motivation; gamification; scientific literacy; cognitive load; narrative-centered learning
environment

1. Introduction
In recent years, storytelling and narrative methods have become increasingly promi-

nent in science education, reflecting a growing interest in making scientific knowledge
more accessible, engaging, and personally meaningful for students [1]. Although the terms
“story” and “narrative” are often used interchangeably, this review adopts a common
distinction: a “story” generally refers to the chronological sequence of events, while a
“narrative” encompasses how these events are organized, presented, and interpreted for an
audience [2,3].

A robust body of educational research now highlights the pedagogical value of
narrative-based instruction across diverse learning environments, from traditional class-
rooms to those shaped by digital technologies [4,5]. Research indicates that narrative
approaches can deepen conceptual understanding and stimulate critical thinking and cre-
ativity, while also capturing attention to enhance knowledge retention and facilitate the
transfer of learning across these varied settings [6–8].

Science education—and chemistry in particular—poses unique challenges that make
narrative integration especially valuable. By their nature, scientific disciplines frequently
address phenomena that lie beyond direct human perception and rely on abstract, spe-
cialized language, which can create a sense of distance between students and scientific
content [9]. Chemistry, specifically, often introduces multi-level abstract concepts that
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are difficult for students to visualize or connect to their everyday experience [10]. Com-
pounding these cognitive hurdles, many students report negative attitudes or a sense of
detachment toward science, which can further hinder their learning and motivation [11,12].
Narrative frameworks offer a promising way to address both the cognitive and affective
dimensions of this problem, humanizing scientific content to provide emotional resonance
and support meaningful engagement [13].

Despite these advantages, the use of narrative in science education has also drawn
criticism. Some question whether fictional elements risk introducing misconceptions or
undermining scientific rigor, while others contend that narrative structures are essential
for making science relevant and accessible to foster deeper understanding [14]. This
ongoing debate highlights a fundamental tension between optimizing student engagement
and maintaining scientific rigor. This underscores the need for a nuanced examination
of narrative approaches, one that carefully considers their strengths, limitations, and
appropriate applications within the science classroom.

This review responds to this debate by critically examining the principal narrative
formats employed in science education—historical (authentic) narratives, realistic fiction,
and science fiction or fantasy—and exploring their pedagogical applications, with a par-
ticular focus on chemistry teaching and gamified educational environments Rather than
a systematic review, this review adopts a narrative and integrative approach. The ref-
erenced studies were selected based on the following criteria: empirical and theoretical
contributions published in peer-reviewed journals or scholarly books between 1986 and
2025; direct relevance to the central themes of narrative in science education (with special
emphasis on chemistry and gamification); and availability in English or Spanish. The
literature was identified via targeted keyword searches in major academic databases (e.g.,
Web of Science, Scopus, Google Scholar) and backward citation tracking. By synthesizing
the research found, this review aims to clarify the educational significance of narrative in
science education, illuminate unresolved questions in the field, and offer evidence-based
recommendations for future research and classroom practice.

This review ultimately argues that narrative approaches—when carefully designed
and thoughtfully embedded within the curriculum—can play a transformative role in
science education, promoting conceptual understanding, motivation, and scientific literacy.
However, as the author will demonstrate, further empirical investigation is needed to
develop narrative resources that effectively balance imaginative appeal with scientific
accuracy, and to validate their effectiveness across diverse educational settings.

2. Theoretical Background: Narratives in Science Education
Narrative is increasingly recognized not only as a fundamental mode of human

thought but as a core process through which individuals interpret experience, organize
knowledge, and construct meaning [15,16]. Educational theorists draw a distinction be-
tween the “narrative” and “paradigmatic” modes of cognition: while the latter emphasizes
logic, abstraction, and decontextualized fact, the narrative mode privileges temporal se-
quence, agency, and the construction of meaning through story [16,17]. This duality has
shaped science education, where the dominance of expository discourse often sidelines nar-
rative, despite its natural alignment with how learners make sense of complex phenomena.

In educational contexts, narrative-based approaches have become prominent as ed-
ucators seek effective strategies to address persistent challenges related to motivation,
engagement, and the retention of scientific knowledge. Far from being a mere stylistic
device, narrative functions as a powerful cognitive scaffold—supporting the integration of
new information with prior understanding and shaping both personal and social identity
within learning communities [18,19].
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A substantial body of research in psychology and education documents both the
cognitive and affective power of narrative. Narratives not only provide coherent structures
for organizing complex or abstract ideas, but also activate mental schemas, foster emotional
engagement, and enhance memory [20–22]. Neuroimaging studies confirm that narrative
processing recruits associative brain networks encompassing language, emotion, and action-
planning [23,24]. Stories’ inherent sensitivity to change, surprise, and resolution resonates
with learners’ curiosity and innate drive for sense-making, acting as a catalyst for scientific
inquiry [25–27]. These features are particularly valuable for students who struggle with
traditional expository texts or who may otherwise remain disengaged [28].

Some theorists even suggest that scientific explanation itself is a narrative endeavor,
as both aim to provide coherence, establish causal sequences, and make sense of phe-
nomena [29]. Within science education, narrative approaches address key disciplinary
barriers. Science is frequently presented as a body of decontextualized facts, which can
impede students’ ability to connect content with personal experience or recognize the
human dimensions of scientific practice [30]. Embedding scientific information within
stories not only bridges this gap—making science more relevant and building trust—but
also creates a sense of community and belonging, helping students see themselves as
participants in scientific practice [9,31]. Moreover, narratives can serve a metacognitive
function, supporting reflection on the Nature of Science (NoS), model-based reasoning,
and fostering the critical thinking and perspective-taking skills essential for navigating
scientific controversies [32,33].

Empirical support for narrative-based instruction is robust and extends across diverse
settings. Studies consistently show that it enhances conceptual understanding, intrinsic
motivation, and classroom engagement [34,35]. Critically, these positive outcomes are not
limited to formal schooling; research has validated their effectiveness in informal learning
environments, such as museums and science centers, where narrative-rich experiences
boost both motivation and comprehension [36,37].

This trend is reflected in the development of pedagogical resources designed to embed
narrative in science teaching. University textbooks now increasingly integrate stories and
case studies to improve preservice science teacher education [38]. In parallel, a structured
collection of stories designed to support scientific inquiry and dialog in primary science
classrooms is presented in [39]. These narrative resources help children connect new
concepts to familiar experiences and serve as effective entry points for both hands-on
exploration and reflective classroom discussion.

The evolution of this approach is evident in narrative-centered learning environments
(NCLEs), where students are immersed in story-driven problem-solving [40,41]. By posi-
tioning learners as co-constructors of knowledge, these environments increase students’
situational interest —a state of heightened attention and positive emotion—and promote
sustained learning, especially when combined with inquiry-based methods [42,43]. The
expansion of digital education has further amplified this potential, enabling collaborative
and personalized experiences. For example, digital storytelling has been found to foster
associative and divergent thinking—cognitive skills essential for creative problem-solving
in science [4,5].

Despite these advantages, two types of challenges complicate implementation: practi-
cal barriers for educators—such as limited training, confidence, and resources [44]—and
conceptual concerns regarding scientific rigor, authenticity, and the risk of introducing
misconceptions through fiction [42]. Language barriers, students’ limited prior knowledge,
and managing engagement during narrative-based activities add further complexity [45].
Overcoming these obstacles requires thoughtful instructional design, ongoing reflection,
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and targeted professional development, as well as access to high-quality narrative materials
and collaborative networks.

In summary, the theoretical and empirical literature confirm the value of narrative
in making science education more engaging, accessible, and relevant. Narrative not
only supports memory and conceptual change, but also builds trust, community, and
motivation—key prerequisites for inclusive and effective science learning. Building on this
foundation, a systematic examination of the primary narrative formats employed in science
teaching is necessary to understand their distinctive functions and classroom applications.
The following section undertakes this analysis.

3. Main Narrative Formats in Science Education
The diversity of narrative forms used in science education reflects both the richness of

storytelling as a pedagogical tool and the multifaceted nature of scientific understanding.
These formats vary in their degree of factual grounding, imaginative scope, and connection
to students’ lived experiences. For clarity and analytical depth, this section adopts the
classification used in a recent systematic review [46], which distinguishes three principal
narrative types frequently employed in science learning environments: authentic scenarios,
realistic fiction, and science fiction or fantasy.

3.1. Authentic Scenarios

Authentic scenarios, rooted in real historical events or natural phenomena, hold a
privileged place in science education. By design, they connect scientific content to its
broader historical, social, and cultural context, humanizing the discipline and countering
perceptions of it as abstract or impersonal [47]. Classic examples range from the story of
Rosalind Franklin’s contribution to discovering the structure of DNA and Ignaz Semmel-
weis’s investigation of puerperal fever to historical controversies like the Galvani–Volta
debate [48–50]. Another compelling pedagogical approach leveraging authentic narratives
is the “Storyline Approach” [51], which creates immersive learning experiences based
on historical episodes and scientific discoveries. Specialized teaching resources such as
The Story Behind the Science and the Project StoryTelling further provide educators with
structured guides for implementing these narratives [52–54].

The pedagogical power of these scenarios lies in their ability to serve as “gate-
ways” to scientific learning. By highlighting the personal and social dimensions of
science—including the struggles, failures, and perseverance of scientists—these stories
spark curiosity and foster emotional connections that support deeper learning, retention,
and self-efficacy [55–57]. Such use of storytelling has been credited with transforming
science from a sterile collection of facts into a meaningful human endeavor, capable of
inciting wonder and appreciation for discovery, and enabling students to integrate complex
concepts into a coherent, dynamic story—like the evolutionary history of life—rather than
viewing them as isolated facts [50,58].

However, the pedagogical impact of authentic narratives is critically dependent on
their selection and framing, particularly for cultivating a nuanced understanding of the
NoS. Critics caution against perpetuating the “lone genius” stereotype or presenting heroic,
decontextualized accounts that can reinforce a simplistic view of science [59,60]. A growing
body of classroom-based research validates these concerns while highlighting the bene-
fits of a more contextualized approach. Students who engage with contextualized and
explicitly reflective historical narratives develop a more informed understanding of the
NoS, becoming less prone to associate science exclusively with empirical experimentation
and more likely to acknowledge the essential role of creativity, imagination, and inference
in scientific inquiry [61]. Similarly, narratives centered on figures like Ernest Rutherford
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have been shown to help middle-school students engage explicitly with the tentativeness
of knowledge, the social context of discovery, and the human dimensions of empirical
model-building [62]. Diversifying the range of narratives in science education by incor-
porating stories of scientists from underrepresented backgrounds has also been identified
as a powerful way to humanize science, expand students’ sense of scientific identity, and
promote inclusivity in the classroom [63].

Therefore, the intentional selection of authentic stories is crucial for portraying the
scientific community’s true diversity and complexity, enabling students to envision them-
selves as active participants. Well-designed interventions illustrate the potential of this
approach. One such example is a narrative-based museum field trip centered on Leonardo
da Vinci, in which fourth-grade students showed improved long-term retention of scien-
tific information and developed a more personal, multidimensional view of scientists as
complex individuals [64].

3.2. Realistic Fiction

Realistic fiction offers a highly adaptable narrative format for making scientific con-
cepts meaningful and accessible. By situating scientific ideas within plausible, everyday
scenarios, this approach bridges the gap between abstract content and students’ lived
experiences and can serve as powerful tools for presenting everyday phenomena as mys-
teries, stimulating curiosity and critical thinking while fostering active, problem-centered
learning [65,66]. Narrative connections to everyday life can also enhance interdisciplinary
learning by revealing conceptual continuities across biology, chemistry, and physics [67].

Empirical evidence robustly supports the educational benefits of this format. Stud-
ies demonstrate that narrative environments enhance comprehension of scientific ideas
while simultaneously helping students transfer their learning to practical, everyday con-
texts [68,69]. One study, for example, integrated narrative science stories featuring relat-
able characters who solve problems using scientific principles into physics lessons for
seventh-grade students [35]. The results showed improvements in academic achievement,
motivation, and overall classroom climate. Moreover, the use of mystery-based narratives
has proven particularly effective: in physics, they have been shown to increase student
participation, collaboration, and conceptual understanding, while excerpts from classic de-
tective fiction like Sherlock Holmes have been used to model how evidence-based reasoning
evolves from concrete observation to abstract inference [70,71].

In younger learners, realistic fiction has been shown to support conceptual under-
standing and responsible behavior, particularly through picture-based stories and animated
narratives that present scientific ideas in engaging, relatable formats [72,73]. The devel-
opment of dedicated resources for primary education exemplifies how narrative can be
effectively embedded into early science curricula [39].

3.3. Science Fiction and Fantasy

Science fiction and fantasy are highly imaginative narrative formats that introduce
unique opportunities in science education. By moving beyond the boundaries of everyday
experience, these genres invite students to explore scientific concepts in creative, specu-
lative, and entirely fictional worlds. Their value lies not only in sparking attention and
curiosity, but in providing a “safe space” to confront uncertainty, ethical dilemmas, and the
far-reaching implications of science and technology [2,74]. From a postmodern perspective,
science and environmental education have been conceptualized as forms of storytelling,
with the narrative techniques found in literary fiction—particularly postmodern science
fiction—offering powerful tools to critically examine the complex relationship between
humans and the environment [75].
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These genres prove particularly effective in stimulating discussion about emerging
or controversial scientific topics. One learning intervention, inspired by Mary Shelley’s
Frankenstein, invited students to assume the roles of scientists facing ethical dilemmas,
fostering critical reflection on the societal implications of science [76]. Similarly, fantasy
stories—though less directly tied to actual scientific developments—can serve as powerful
entry points for reasoning and investigation, especially with younger students. They
enable educators to anthropomorphize natural processes, build magical worlds governed
by scientific “rules,” and design challenges that nurture creativity and conceptual growth.
Adapted versions of classic fairy tales that embed scientific principles, and fantasy-based
play, have also been linked to increased engagement and deeper learning in elementary
science education [77,78].

However, these genres present distinct challenges. While narrative structures organize
information temporally and causally, fictional elements like supernatural powers risk foster-
ing misconceptions or blurring the lines between science and make-believe [79,80]. Some
studies have documented ecological inaccuracies in traditional tales that may inadvertently
reinforce naïve or scientifically inaccurate beliefs [81]. Thus, teachers become essential
mediators—critically selecting narratives, framing their use, and guiding students to dis-
tinguish imaginative devices from scientific principles, transforming stories into inquiry
springboards rather than definitive explanations.

4. Narratives in Chemistry Education
Chemistry education confronts unique challenges stemming from its multilayered

representational demands. The influential Johnstone triangle framework—distinguishing
macroscopic (observable phenomena), submicroscopic (molecular/atomic interactions),
and symbolic (equations, formulas) levels (Figure 1)—reveals students’ persistent difficul-
ties in integrating these perspectives, often resulting in fragmented understanding and
entrenched misconceptions [82,83]. These challenges intensify with chemistry’s specialized
vocabulary and concepts that feel disconnected from students’ lived experiences.

 

Figure 1. Johnstone’s triangle as applied to water, illustrating the three levels of chemical representa-
tion: macroscopic (observable phenomena, here depicted by a glass of water), submicroscopic (the
molecular model of a water molecule), and symbolic (the chemical formula H2O).

Narrative strategies have emerged as powerful pedagogical responses to these rep-
resentational complexities. By weaving scientific content into story structures, educators
create conceptual bridges that connect laboratory observations with molecular explanations
and symbolic representations. Some theorists argue that narratives function as meaning-
making frameworks, explicitly linking the macroscopic, submicroscopic, and symbolic
levels to provide a more holistic understanding [84,85].
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Empirical studies support this view—for instance, chemistry lessons that incorporate
everyday-life narratives or stories drawn from students’ and teachers’ real experiences have
been shown to significantly enhance students’ understanding of physical and chemical
changes while also reducing persistent misconceptions and making abstract chemical ideas
more accessible and personally relevant [86,87].

Recent pedagogical innovations showcase narrative’s versatility. Inquiry-driven ap-
proaches, such as the ‘magic sand’ activity, exemplify this integration. Here, a brief
narrative—the story of a sandcastle builder faced with mysterious, unwettable sand—is
used during the ‘Engage’ phase to spark curiosity and establish a personal context for the
investigation [88]. This story then frames the entire inquiry journey, which is structured
around the 5E learning cycle [89]. One notable application involved a narrative adap-
tation of Romeo and Juliet, embedded within another 5E sequence to address common
misconceptions about atomic models [90]. Reimagining electrons as the central characters,
the activity promoted active engagement and helped upper secondary students construct
more accurate representations of orbitals and energy levels. Teachers consistently observe
how such narratives heighten engagement among initially reluctant learners, though their
effectiveness depends critically on educators’ storytelling confidence [42]. In another ex-
ample, role-playing activities based on climate change scenarios were used to connect
stoichiometric reasoning with real-world societal decisions, fostering greater motivation
and self-efficacy through enhanced personal relevance [91].

Detective narratives hold particular resonance in chemical education. The Chemical
Adventures of Sherlock Holmes series [92]—a collection of 17 stories published in the
Journal of Chemical Education— exemplifies this approach, challenging students to solve
mysteries through qualitative analysis, stoichiometric calculations, or organic chemistry
reasoning. These stories deliberately position learners as investigators who interpret
clues, analyze data, and reason scientifically—transforming classrooms into problem-
solving environments. Building on this tradition, a modified version of one such story was
implemented in which preservice chemistry teachers used QR-coded clues to collaboratively
identify an unknown substance, engaging in scientific reasoning while also confronting
common high school chemistry misconceptions [93]. Equally noteworthy are literary
adaptations like Agatha Christie’s The Mysterious Affair at Styles [94], which provides
narrative frameworks for exploring solubility, equilibria, and organic structures, reinforcing
chemistry’s inherent nature as investigative science.

For younger audiences, resources like Quimicuentos [95] blend imaginative story-
telling with foundational scientific ideas. Other outreach initiatives have successfully
combined chemistry-themed tales with hands-on experimentation, allowing students to
experience scientific concepts both narratively and practically [96]. In fact, fiction offers mul-
tiple opportunities to connect with the chemistry curriculum and foster scientific literacy.
Works such as Harry Potter or Cinderella have been used in primary chemistry education,
integrating reading with the learning of basic concepts such as properties or states of matter,
with positive results [97,98]. These approaches not only enhance conceptual understanding
but also actively counteract chemophobia [96] by fostering more positive relationships with
the discipline.

Beyond full-length stories, the very structure of common inquiry-based activities
provides a fertile ground for teachers to construct compelling micro-narratives. Techniques
like the Predict–Observe–Explain (POE) sequence [99] inherently follow a classic narrative
arc: a setup (the prediction), a conflict (the unexpected observation), and a resolution (the
search for a new explanation).

One illustrative example is the combustion of steel wool, which a teacher can frame not
as a simple demonstration, but as a miniature mystery within the POE approach. By doing
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so, the teacher deliberately constructs a story designed to create a “violation of expectation,”
a powerful mechanism for sparking what Klassen [100], drawing on narrative theory, terms
“explanation-seeking curiosity.” Students are challenged to predict the outcome, often
anticipating a decrease in mass. The observation that the steel wool gains mass creates
a moment of cognitive dissonance and suspense—a narrative hook that compels them
to investigate the unseen role of oxygen in the reaction. This practice of transforming a
demonstration into a dramatic event echoes Michael Faraday’s historic public lectures,
where suspense and masterful storytelling transformed abstract scientific principles into
unforgettable narratives of discovery [85].

Finally, recent theoretical work advocates for enriching chemistry education by in-
tegrating what Mahaffy [101] has called the “human element.” His proposed tetrahe-
dral model, which expands Johnstone’s triangle by adding this dimension, emphasizes
the relevance of personal, social, and cultural contexts in learning chemistry. Sharing
stories about chemists’ lives and discoveries—such as Kekulé’s dream of the benzene
ring—underscores the role of intuition and serendipity in scientific progress [102]. Em-
pirical studies support this perspective, showing that the deliberate inclusion of diverse
personal narratives enhances students’ sense of belonging, motivation, and critical think-
ing [103,104], encouraging them to see chemistry not merely as abstract knowledge but as
a human-centered discipline.

5. Narratives and Gamification: Toward Immersive Science
Learning Environments

Gamification—the integration of game-based elements into non-game contexts—has
become a prominent force in educational innovation, with extensive research confirming its
capacity to enhance student motivation and engagement [105–108]. Among all elements,
narrative stands out as a potential catalyst for transforming disconnected activities into
meaningful and immersive learning journeys [109]. Rather than serving as a decorative
add-on, narrative functions as a foundational architecture that organizes game mechanics
and pedagogical challenges into unfolding stories infused with purpose, drama, and
suspense [110,111]. The literature confirms this potential, finding consistently positive or
mixed-positive effects of narrative in gamified contexts [112].

Design frameworks such as the Mechanics–Dynamics–Aesthetics (MDA) model [113]
provide a robust theoretical scaffold for implementing narrative in gamified learning. In
this model, narrative not only shapes the “aesthetics” (emotional responses), but actively
configures game mechanics (rules, challenges) and player dynamics (interactions, decision-
making). Crucially, the educational value of the storyline is greatly enhanced when the
narrative is closely aligned with the specific knowledge and skills being developed, ensur-
ing the framework is purposeful [114]. This does not mean the narrative must be complex;
simple, “thin” storylines can be highly engaging if they are relevant to the learning experi-
ence [115]. Recent implementations [116,117] have demonstrated the impact of integrating
cohesive narratives—such as medieval quests or fantasy island adventures—with notable
improvements in preservice teachers’ attitudes toward science.

From a motivational perspective, narrative acts as a powerful engine by addressing
basic psychological needs. Embedding instructional activities within narrative contexts
has been shown to heighten both enjoyment and motivation, leading to better knowl-
edge retention [118]. According to Self-Determination Theory (SDT), this occurs because
narrative-driven gamification is exceptionally well-suited to satisfy three basic needs: it
enhances autonomy by offering activities perceived as personally meaningful; strengthens
competence through attainable challenges with immediate feedback; and fosters related-
ness by creating shared experiences that build social bonds [119–122]. This motivational
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synergy often culminates in a state of presence or immersion—the subjective experience
of being psychologically inside the narrative world—which, while not a basic need itself,
further amplifies engagement and commitment [120,123]. Evidence from gamified courses
that unfold through semester-long, themed narrative journeys shows that these immer-
sive structures can effectively satisfy all three SDT needs and significantly boost intrinsic
motivation among preservice teachers in a science course [124].

Beyond motivation, narrative also provides crucial cognitive scaffolding, an espe-
cially critical function in disciplines like chemistry. According to Cognitive Load Theory
(CLT), learning is most effective when the extraneous cognitive load is reduced as much as
possible and the intrinsic cognitive load is calibrated or optimized to match the learner’s
expertise and the inherent complexity of the material [125]. Chemistry is a prime example
of a high-load domain, as its abstract concepts, specialized vocabulary, and multi-level rep-
resentations impose significant strain on working memory [126–128]. Narrative structures
can address this challenge by sequencing content logically and helping students connect
new ideas to prior knowledge, thereby facilitating more efficient schema construction and,
thus, maximizing germane cognitive load [129].

Recent empirical studies further illustrate these theoretical claims. Darejeh et al. [130]
found that embedding content within contextually rich narratives can significantly reduce
cognitive overload in digital learning environments. However, their study only examined
immediate effects in novice adult users, limiting its generalizability to other populations
or to long-term learning. The benefits of narrative depend heavily on thoughtful design;
misaligned narratives or poor integration of materials can induce a split-attention effect
and increase extraneous load, negatively affecting learning [131–133]. In particular, Adams
et al. [132] highlighted that positive effects only emerge when narrative elements are
closely aligned with learning goals, and their results may also be constrained by the short
experimental duration.

One of the most comprehensive applications of all these principles is found in struc-
tural gamification, where narrative becomes the organizing framework for an entire course
rather than a supplementary element [106]. One illustrative example involved a struc-
turally gamified university science course for preservice teachers, set within the Star Wars
universe, which led to notable improvements in student engagement, course organization,
and overall perception of the learning experience [134]. The absence of a cohesive narrative
thread in such long-term interventions can lead to fragmentation and diminished motiva-
tion [135]. This approach culminates in the development of game-based NCLEs, which
blend immersive stories, interactive problem-solving, and adaptive scaffolding [136]. In
these environments, students are positioned as protagonists who use scientific knowledge
to solve meaningful dilemmas, transforming not only the narrative context but also their
own relationship with science [137,138].

6. Conclusions and Prospects
This review has synthesized a substantial body of evidence demonstrating the mul-

tifaceted value of narrative approaches in science education, with a specific focus on the
unique challenges and opportunities within chemistry teaching, and in gamification. The
analysis confirms that narrative is not merely a pedagogical tool, but a fundamental mode
of human cognition that can bridge the gap between abstract scientific knowledge and
students’ lived realities.

By providing temporal structure, causal coherence, and emotional resonance, narra-
tives scaffold the understanding of complex concepts, effectively bridging the representa-
tional gaps inherent in disciplines like chemistry. Furthermore, narrative integration within
gamified environments emerges not as a superficial enhancement, but as a foundational
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design principle that transforms learning into an immersive, intrinsically motivating quest
by satisfying basic psychological needs.

Several key insights warrant emphasis. The effectiveness of any narrative format is
highly contingent on intentional design and critical implementation. Authentic scenar-
ios humanize science and foster nuanced NoS understanding, yet they risk perpetuating
stereotypes if not carefully framed. Realistic fiction excels at grounding abstract concepts
in relatable contexts, while science fiction/fantasy provides a unique arena for explor-
ing scientific concepts in speculative worlds, stimulating ethical reasoning and fostering
imaginative inquiry.

Crucially, across all these formats, a unifying thread emerges: the indispensable role of
the educator as a critical mediator. This review highlights that the success of narrative-based
learning is not inherent to the story itself but relies on the teacher’s ability to frame the
narrative, guide discussions, challenge misconceptions, and explicitly connect the story’s
elements to scientific principles. Whether it is transforming a POE demonstration into
a “miniature mystery”, using a fantasy story as a springboard for inquiry, or facilitating
ethical debates inspired by science fiction, the teacher acts as the essential bridge between
the narrative world and the world of scientific reasoning.

Furthermore, the evidence suggests that the ‘humanizing’ potential of narrative op-
erates on two crucial levels: the epistemological and the sociocultural. Epistemologically,
stories of scientific discovery (e.g., Kekulé’s dream) reveal the messy, creative, and serendip-
itous nature of the scientific enterprise, challenging the myth of a single, rigid scientific
method. Socio-culturally, the intentional inclusion of narratives from diverse scientists
is a powerful act of educational equity. It broadens students’ perceptions of who can be
a scientist, fosters a sense of belonging, and empowers a more diverse generation to see
themselves as agents of inquiry and change.

Despite these compelling advantages, significant challenges persist. Practical barriers,
including educators’ limited time, training, and confidence, remain substantial hurdles.
Notably, recent empirical work with preservice teachers highlights difficulties in adapt-
ing scientific language and a fear of introducing misconceptions when creating science
narratives [139]. The fundamental tension between engagement and rigor, highlighted
in the introduction, necessitates ongoing vigilance. While narratives make science ac-
cessible, ensuring they accurately represent scientific concepts requires careful curation,
explicit framing, and complementary activities that distinguish narrative devices from
scientific explanations.

To address these barriers, sustained professional development models—such as col-
laborative lesson study, peer mentoring, and hands-on workshops focused on narrative
design—can be effective in building teachers’ confidence and expertise. Providing ac-
cess to curated narrative resources, exemplars, and opportunities for reflective practice
also supports the integration of narrative approaches in science classrooms. Moreover,
some universities now offer specialized courses for faculty focused on impactful story-
telling in teaching, and these models could be adapted to primary and secondary science
education. Ultimately, professional development programs should address both the peda-
gogical techniques of storytelling and the deep content knowledge required to maintain
scientific accuracy.

Looking ahead, these findings yield a clear agenda for the field’s future. For research,
the priority must be to move beyond descriptive studies toward controlled, comparative
research that clarifies what works, for whom, and under what conditions. Future work
should employ robust experimental designs—such as randomized con-trolled trials or
quasi-experiments—to directly compare the effectiveness of different narrative formats
across student populations, educational stages, and disciplines. Studies should assess



Encyclopedia 2025, 5, 116 11 of 16

outcomes like motivation, conceptual understanding, ethical reasoning, and long-term
retention; mixed-methods approaches, combining quantitative (e.g., achievement tests,
motivation scales) and qualitative data (e.g., interviews, student narratives), are encouraged
to capture both impact and mechanisms.

Further directions include systematically testing the impact of specific narrative
elements—such as character development or plot structure—and directly comparing out-
comes between structurally narrative gamified environments and those with merely super-
ficial themes. A particularly valuable direction is the design of narratives aimed at helping
students navigate chemistry’s challenging representational levels. Furthermore, the rise
of artificial intelligence-powered tools demands investigation into how interactive and
co-created narratives mediate learning [140,141].

Regarding classroom practice and instructional design, the potential of structuring
entire curricula as coherent, purpose-driven stories warrants greater exploration. This
requires interdisciplinary collaboration and a critical engagement with new digital tools. For
assessment, as narrative approaches become more central, frameworks must evolve beyond
traditional tests. Promising alternatives include portfolio-based evaluation, narrative
journaling, and performance tasks embedded within the story world.

In conclusion, narrative offers a generative path forward for science education—one
that balances rigor with imagination, cognitive depth with emotional resonance, and
disciplinary knowledge with human experience. The thoughtful integration of narrative,
informed by this forward-looking agenda, can empower students not only to learn science,
but to see themselves as creative scientific thinkers and contributors to inquiry within the
scientific enterprise.
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