computers

Article

Potions & Dragons: Player-Informed Web-Based Gamification
for Science Attitudinal Change in Initial Teacher Education

Gregorio Jiménez-Valverde 1>*(0, Noélle Fabre-Mitjans !

W) Check for updates

Academic Editors: Carlos Vaz de
Carvalho, Hariklia Tsalapatas and
Ricardo Baptista

Received: 22 December 2025
Revised: 21 January 2026

Accepted: 23 January 2026
Published: 1 February 2026
Copyright: © 2026 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license.

and Gerard Guimera-Ballesta 1

EduCiTS Innovation and EMA Research Groups, Universitat de Barcelona, 08035 Barcelona, Spain;
nfabre@ub.edu (N.F.-M.); gerard.guimera@ub.edu (G.G.-B.)

Institut de Recerca en Educaci6 (IREUB), Universitat de Barcelona, 08035 Barcelona, Spain

*  Correspondence: gregojimenez@ub.edu

Abstract

This exploratory mixed-methods study examined whether a narrative-driven digital gami-
fication platform, FantasyClass, grounded in the MDA (Mechanics-Dynamics—Aesthetics)
framework and Bartle’s player typology (used as a cohort-level design input), was asso-
ciated with science attitudinal change in preservice primary teachers. The quantitative
component employed a one-group pretest-posttest (pre-experimental) within-participant
design using a validated 22-item attitudes questionnaire (N = 23), structured across three
temporal dimensions: past (retrospective experiences), present (current perceptions), and
future (teaching expectations). Significant improvements were observed across all atti-
tudinal dimensions with large effect sizes, most notably in students’ future expectations
and confidence to teach science. Exploratory correlation analyses indicated that partici-
pants’ perceived motivational value of narrative and immersion elements was moderately
associated with Future-dimension attitudinal gains. Qualitative thematic analysis of open-
ended responses (1 = 15) revealed enhanced motivation, reduced science anxiety, more
positive perceptions of physics and chemistry, and strong intentions to adopt game-based
and gamified strategies in future teaching practice. Convergence across quantitative and
qualitative strands suggests that structurally coherent, player-type-informed narrative
gamification may be associated with attitudinal transformation and early professional
identity development in STEM teacher education, while recognizing that the design does
not permit causal attribution.

Keywords: gamification; Bartle player types; science attitudes; science education; tailored
gamification; narrative gamification; FantasyClass; initial teacher education; attitudinal
change; MDA framework

1. Introduction

Science education plays a critical role in shaping future teachers’ professional identities,
instructional practices, and their students” engagement with scientific inquiry [1,2]. Among
preservice primary teachers, however, negative attitudes toward science—particularly
physics and chemistry—remain a persistent and well-documented challenge [3-5]. These
negative dispositions often stem from prior transmissive learning experiences, fragile
self-efficacy, content-specific anxiety, and limited opportunities for meaningful scientific
practice during their own schooling [6-8]. Left unaddressed, such attitudes risk perpetuat-
ing cycles of disengagement, as teachers who lack confidence or enthusiasm for science are
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more likely to minimize instructional time, avoid inquiry-based pedagogies, and inadver-
tently communicate to their students that science is difficult, inaccessible, or irrelevant [1].
Conversely, teacher enthusiasm and positive attitudes can significantly enhance students’
motivation, interest, and willingness to engage with scientific ideas [2].

Addressing the affective dimensions of science teacher education—including moti-
vation, self-efficacy, and value beliefs—is therefore a high priority for research-informed
preparation programs [8]. Understanding how attitudes can change clarifies why certain
pedagogical designs may be effective for preservice teachers. Dual-process models (e.g.,
the Elaboration Likelihood Model, ELM) suggest that embedding content in meaningful,
goal-directed tasks within a coherent context promotes central-route elaboration, while
progression cues, immediate feedback, and aesthetic polish can operate as peripheral
signals that sustain engagement when motivation or cognitive capacity fluctuate [9]. In
parallel, mastery-laden experiences that contradict prior negative beliefs can induce cog-
nitive dissonance, prompting attitudinal realignment [10]. Within the Theory of Planned
Behavior (TPB), attitudes are antecedents of behavioral intentions [11], so even modest
attitudinal gains are educationally meaningful if they increase trainees” willingness to
adopt evidence-based, innovative practices. In this article, we treat attitude as a latent
construct—"a psychological tendency that is expressed by evaluating a particular entity
with some degree of favor or disfavor” [12] (p. 1)—and, consistent with classic work, as a
factor that influences behavior but is not behavior per se [13].

1.1. Gamification

Educational gamification has emerged as a promising pedagogical strategy to foster
affective and motivational change by operationalizing the persuasion and attitude-change
mechanisms outlined above [14,15]. Gamification is understood as the systematic use
of game design elements in non-game contexts to increase engagement, motivation, and
behavioral outcomes [16,17]. From an ELM perspective, well-designed gamification can
promote central-route processing by embedding content in meaningful, goal-directed
tasks with coherent narratives and transparent feedback, while simultaneously leveraging
peripheral-route cues such as aesthetic elements, progression signals, and social feedback to
sustain engagement when cognitive load or motivation fluctuate [9]. Additionally, gamified
learning environments can induce cognitive dissonance through positive mastery experi-
ences that contradict prior negative beliefs, thereby motivating attitude realignment [10].
Because attitudes formed via central-route elaboration are more durable and resistant to
counter-persuasion [9], and because attitudes predict behavioral intentions [11], gamifica-
tion that meaningfully integrates content with game mechanics is more likely to produce
lasting changes in both attitudes and future teaching practices. Across higher education and
STEM settings, meta-analyses report positive average effects on motivation, engagement,
and, in some cases, learning outcomes [18-20].

However, benefits are not automatic and are contingent on thoughtful, research-based
design [15,21]. Design missteps—such as overreliance on superficial reward mechanisms
like points, badges, and leaderboards without alighment to meaningful learning objectives—
can undermine intrinsic interest, create over-justification effects, or even generate frustration
and disengagement [22,23]. Thus, effective gamification in teacher education must be
purpose-built, pedagogically grounded, and aligned with the affective and professional
outcomes that matter for future classroom practice.

Within literature, it is useful to distinguish between structural gamification and content
gamification [24,25]. Structural gamification overlays game elements (e.g., points, levels,
leaderboards, progression systems, feedback mechanisms, and rewards) onto existing
learning activities to scaffold engagement. Content gamification, by contrast, applies game
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elements directly to the course content to make it more engaging by, for example, integrat-
ing a coherent narrative that gives meaning to tasks and links them through a unifying
thematic arc. In science education, narrative can function as a cognitive-affective organizer
that renders abstract concepts personally consequential, easier to remember, and more
emotionally engaging, while increasing enjoyment and commitment to learning [26]. These
two forms of gamification are complementary: structural mechanisms sustain momentum
and provide actionable, real-time feedback, whereas narrative supplies purpose, continuity,
and emotional resonance—together producing a richer motivational ecology than either
approach alone [27].

1.2. Design Frameworks: MDA and Player Typology

Evidence increasingly suggests that “one-size-fits-all” gamification can yield uneven
effects because the same game elements do not carry equivalent motivational value for
all learners [28]. In higher-education and educational settings, tailored approaches that
account for user differences tend to report more robust motivational benefits than uniform
designs [29,30]. Accordingly, frameworks that clarify both how gameful experiences are
constructed and for whom they are motivationally meaningful are especially useful when
affective outcomes are central.

The Mechanics—Dynamics—Aesthetics (MDA) framework [31] offers a structured lens
by distinguishing three interrelated layers. Mechanics are the rules and action possibilities
of the system (e.g., progression rules, scoring functions, feedback loops, team formation).
Dynamics describe the run-time patterns that emerge from mechanics and player input
(e.g., time pressure, collaboration, exploration, competition). Aesthetics are the desirable
experiential outcomes (e.g., sensation, challenge, discovery, fantasy, fellowship, expres-
sion, narrative, submission). Critically, designers work from mechanics toward target
aesthetics, whereas players experience the system from aesthetics toward underlying me-
chanics [31]. This framework is particularly valuable in education because it provides a
systematic method for aligning design decisions with intended learning and motivational
outcomes [32]. Making explicit these mechanics—dynamics—aesthetics linkages help en-
sure that gamification strategies are coherent, purposeful, and aligned with educational
objectives rather than superficial or disconnected from learning goals [32]. For example,
mechanics such as progressive levels and exploration-based tasks can generate dynamics
of iterative experimentation and discovery, producing aesthetics of challenge and curiosity;
conversely, team-based tasks and social feedback can generate collaborative dynamics that
produce fellowship aesthetics.

Building on this premise, even well-designed gamification is unlikely to be uniformly
effective for all learners, as individual differences in preferences, motivations, and play
styles moderate the impact of game elements on user experience and outcomes [33-35]. This
recognition has given rise to the concept of tailored or personalized gamification, which
adapts game elements to the characteristics of individual users or user groups [29,33].
Learner characteristics such as age and cultural background shape how students interact
with gamified systems; player type has proven particularly influential in determining the
motivational impact of gamification and thus represents a key design consideration for
game-based educational interventions [33,36].

One of the most influential frameworks for understanding individual differences in
game-based contexts is Bartle’s player typology [37], which categorizes players into four
types based on two dimensions: acting versus interacting, and world-oriented versus
player-oriented. The resulting types are Achievers (acting on the world, motivated by mas-
tery and goal completion), Explorers (interacting with the world, motivated by discovery
and understanding), Socializers (interacting with other players, motivated by relation-
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ships and communication), and Killers (acting on other players, motivated by competition
and dominance) [37]. Research suggests that these types respond differentially to game
elements: Achievers value progression systems and mastery cues; Explorers seek discovery-
oriented mechanics and narrative depth; Socializers prioritize collaboration features; and
Killers respond to challenge and rankings [33,37]. Bartle’s four-type taxonomy offers a
parsimonious framework that facilitates transparent alignment between learner profiles
and gamification strategies. The typology has been employed in educational gamification
contexts, where it supports the design of game elements aligned with learners’ preferences
and motivational profiles [33,38].

The integration of the MDA framework with player typology provides a powerful
lens for designing and analyzing gamified science education interventions. The MDA
framework clarifies how game elements function—what mechanics are deployed, what
dynamics they produce, and what aesthetic experiences they afford—while player typology
clarifies for whom these elements are most motivationally relevant. For example, a gami-
fied science course designed with the aesthetic goal of discovery might employ mechanics
such as exploration-based challenges, hidden content, and narrative mysteries (aligning
with Explorer preferences), while also including mechanics such as team-based quests
and social feedback (aligning with Socializer preferences) and progression systems with
visible milestones (aligning with Achiever preferences). The resulting dynamics—such as
collaborative exploration, shared discovery, and progressive mastery—would be experi-
enced aesthetically as discovery, fellowship, and challenge, creating a rich and inclusive
motivational environment that appeals to diverse player types.

Against this backdrop, the present study examines a university science course for
preservice primary teachers that integrates structural gamification with a coherent nar-
rative that recontextualizes all course activities. Specifically, the study contributes (i) an
estimate of the magnitude of within-participant pre—post attitudinal change in an authentic
teacher-education setting, (ii) an exploratory examination of whether attitudinal gains
are statistically associated with participants’ self-reported motivational relevance of the-
oretically aggregated game-element families, and (iii) an interpretation of these patterns
through attitude-change theory (ELM and TPB).

1.3. Study Aims and Research Questions

This study investigates a structurally and narratively gamified intervention intended
to improve preservice primary teachers’ affective relationship with science by integrating
structural game elements with a coherent narrative that recontextualizes physics and
chemistry activities into meaningful, goal-directed experiences. The design is guided by
the MDA framework to ensure coherence between implemented mechanics, emergent
dynamics, and targeted experiential outcomes [31], and by Bartle’s player typology to
interpret how different learner profiles may relate to particular game mechanics [33,37].
Beyond estimating whether attitudes improve, the study addresses a more specific gap:
clarifying how participants’ perceived motivational relevance of game elements relates
to the magnitude of attitudinal change, acknowledging that gamification effects may be
contingent on individual differences rather than uniformly distributed [29]. Accordingly,
the following research questions guided the investigation:

e  RQ1l. To what extent do preservice teachers’ attitudes show positive within-participant
change from pretest to posttest following participation in the course?

e  RQ2. Which individual game elements do participants report as most motivating?

e RQ3. To what extent is the perceived motivational relevance of game-element cate-
gories statistically associated with the magnitude of attitudinal change?
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2. Materials and Methods

A convergent mixed-methods design [39] was adopted, involving concurrent data
collection, separate analyses, and integrated interpretation. Quantitatively, a one-group
pre—post non-experimental design [40] was implemented using a validated 22-item
attitudes questionnaire and a supplementary survey on perceived motivation toward
game features. Accordingly, quantitative analyses estimate within-participant change
and support associational interpretation rather than causal inference. Qualitatively,
thematic analysis of participants’ written responses provided triangulation. Integration
occurred at the discussion stage, where patterns emerging from qualitative themes were
examined alongside quantitative results. A detailed specification of the quantitative
design, variables, and the operationalization of each research question is provided in
Section 2.5.1.

2.1. Participants

The study included 23 fourth-year students (19 women and 4 men; M = 21.7 years,
Mdn = 21) enrolled in the Primary Education bachelor’s degree at the University of
Barcelona (Spain). All participants took the course “Recreational and Everyday Science in
the School” (RESC) during the 2022-2023 academic year. Participation was voluntary; of
the 27 students registered for the course, complete paired data (pretest and posttest) were
obtained for 23 participants. Informed consent was obtained from all of them.

2.2. Setting and Course Context

The intervention was implemented in RESC, a 6-ECTS, fourth-year optional course
delivered over one semester (15 weeks) via face-to-face instruction. Building upon
foundational physics and chemistry didactics completed in year two, RESC focuses on
practical, everyday applications of these disciplines through activities such as analyzing
recreational demonstrations, designing hands-on inquiry activities with everyday ma-
terials, and developing science lesson plans that connect out-of-school experiences to
formal learning.

A typical class session followed a stable structure. It opened with a brief narrative
prompt and a short activation cue to situate the session within the ongoing storyline,
followed by an instructor-led introduction to the day’s scientific focus. Students then
engaged in hands-on, group-based labs and problem-solving activities, supported by
formative guidance and feedback. Sessions typically concluded with a short whole-class
debrief connecting observations to target concepts and a brief closure designed to reinforce
continuity and anticipation for subsequent sessions.

2.3. Procedure

The selection and implementation of specific game elements was informed by two
complementary frameworks: (1) the MDA model to systematize the relationship between
game components and intended player experiences, and (2) Bartle’s player typology to align
the configuration of those elements with cohort-level motivational profiles. Player-type
alignment was conceptualized as design- and context-dependent, not as a fixed attribute
of the feature itself [41]. Accordingly, “alignment” refers to cohort-informed selection and
configuration of mechanics; it did not involve differential treatment, and all participants
experienced the same course design. Because player-type information was not used at the
participant level for analysis, the typology is reported here as a design input rather than
as an analytic grouping. These frameworks guided the implementation via FantasyClass
(https:/ /fantasyclass.app/, accessed on 10 December 2025), a web-based platform designed
for implementing structural gamification in educational settings (Figure 1). FantasyClass
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functions as a modular system that overlays a fantasy-themed, game-like layer onto the ex-
isting course curriculum. The platform provides instructors with flexible feature activation
controls, allowing selective implementation based on pedagogical objectives and learner
characteristics. The instructor had implemented FantasyClass once previously in a different
university course; thus, this intervention represented the second overall implementation of
the platform and the first within this specific subject, and it was participants’ first exposure
to FantasyClass-based gamification.

Your current character

+ Upgrade

o (B p] Repair: 100
= u e sy X
=W \
@ } This card grants you 5
exira minutes on an exam 1

Figure 1. Examples of four FantasyClass features. From left to right: a student’s avatar (showing their
health and experience points, gold coins, pet, level, and skills), the upgrading/repairing equipment
at the virtual shop, a collectible item (from the laboratory equipment collection), and a card. Both
collectibles and cards can be obtained at random from the virtual shop or granted as rewards for
leveling up or completing tasks. The use of these screenshots has been authorized by the creator
of FantasyClass.

Architecturally, FantasyClass comprises three integrated subsystems: (1) progression
and assessment (experience points, levels, grade-contribution mechanics), (2) economic
simulation (virtual currency, marketplace, collectibles), and (3) social-narrative framework
(team structures, storylines, character systems). Beyond feature configuration, the platform
automates reward distribution, provides real-time student dashboards, and generates
instructor analytics for monitoring engagement and performance.

Prior to the intervention, participants completed the Bartle Test of Gamer Psychol-
ogy [42] to identify their dominant player-type profile. Results revealed a cohort composi-
tion of 39% Explorers, 36% Socializers, 18% Killers, and 7% Achievers. These proportions
were used to inform cohort-level design emphasis rather than to support subgroup analyses.
In alignment with the MDA framework’s emphasis on coherence between mechanics, dy-
namics, and intended aesthetic outcomes, FantasyClass features were strategically selected
and configured to connect game mechanics with specific dynamics that would produce the
desired aesthetic experiences for each player type, with greater emphasis on the dominant
profiles in this cohort, while still incorporating elements designed to engage less prevalent
profiles. Table 1 presents the complete mapping of thirteen implemented FantasyClass
features to Bartle player types, categorized according to Tondello et al.’s taxonomy of
gameful design elements [35], with empirical support drawn from systematic literature
reviews [33] and targeted empirical studies [38,41].

https://doi.org/10.3390/computers15020078


https://doi.org/10.3390/computers15020078

Computers 2026, 15, 78

7 of 30

Table 1. Mapping of FantasyClass Features to Bartle Player Types and Gameful Design Elements.

0 & 2]
b Y %) 3]
7] N - v
FantasyClass . Game Game E = 9 B
Description = ® = -2
Feature Element Category & g & 5
5 I <
. Medieval storyline with 4 kingdoms and an Narrative or .
Narrative . . L Immersion X X
antagonist; integrated into all course activities story
Stable teams of 4 with differentiated roles .
- Guilds or e
Groups (coordinator, secretary, teams Socialization X x x
supervisor, spokesperson)
Daily narrative-linked events activated at the
beginning of each class session; the system
Events selects one event at random from an Mystery box Immersion X x
instructor-curated, preloaded list and presents
it as an episodic development in the storyline
Fortune Fortune wheel awarding random amounts of Rewards or .
. Incentive X
Wheel gold to students prizes
Experience points-based leveling system with
predefined thresholds; students advance
. ) . Levels of .
Uplevelling  through levels as experience points accumulate; . Progression X x X
O . . progression
in this implementation, the final level
contributed to the course grade
Thematic card sets (polymers, lab equipment,
Collections etc) that students comp lete for XP/gold Collection Incentive X x X
rewards; collectibles can be traded
between students
Reward cards with rarity hierarchy (Common, Lotteries or
Cards Rare, Epic, Legendary) providing games Risk/Reward X X X
various benefits of chance
Special abilities (active single-use or passive Lotteries or
Skills persistent) with probabilistic effects; games Risk/Reward  x X
obtained randomly of chance
Virtual companions offering passive attribute
. Power-ups or .
Pets bonuses; require gold-based Assistance X X
’ . boosters
feeding maintenance
Avatar enhancements (armor, weapons,
Upgrade - g Power-ups or .
A shields) providing percentage-based Assistance X X x
equipment . boosters
attribute bonuses
Purchasable containers from virtual shop with Lotteries or
Chests p games of Risk/Reward  x X
random rewards
chance
Word puzzle challenge related to lesson
Wordlet concepts; students receive Challenge Risk/Reward X
progressive feedback
Cooperative entire-class vs. monster
Battles challenges; randomly selected students answer ~ Boss battle ~ Risk/Reward X x x

on behalf of all

Note: Game elements and categories according to [35]. X = primary alignment; x = secondary alignment.

Explorers constituted the largest segment of the cohort (39%). The Narrative and
Events—as detailed in Table 1—served as core elements specifically aligned with Explor-
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ers’ documented preferences for discovery, experimentation, and immersive experiences.
Consistent with Kocadere & Caglar [41], we treat these alignments as design intentions
rather than exclusivities, because the same game element can afford different motivational
mechanics depending on its configuration and classroom enactment (Table 1 therefore
distinguishes primary and secondary alignments). The Narrative mechanic, in particular,
generated dynamics of immersion and curiosity through the instructor’s active story-
telling role (presenting character-led video messages) and systematic adaptation of all
classroom activities to the medieval storyline. Students were introduced to the overar-
ching narrative on the first day through an introductory video in which the narrator—a
fictional medieval character—recruited them into the quest and outlined their mission
(https:/ /www.youtube.com/watch?v=6HQZV1RFsQ0, accessed on 10 December 2025).
Throughout the semester, the instructor continued this narrative engagement, transforming
course activities into coherent, emotionally meaningful contexts that produced the aesthetic
experiences of fantasy and discovery (Figure 2). The Events mechanic complemented this
narrative foundation by introducing teacher-curated, preloaded random events within
FantasyClass that were activated at the beginning of each class session. Rather than operat-
ing as a stand-alone reward mechanism, these events were narratively framed as episodic
developments within the storyline (e.g., unexpected encounters, shifting conditions, or
situational constraints), thereby creating moment-to-moment variability and anticipation
while reinforcing the aesthetic of discovery through surprise and uncertainty.

Figure 2. Screenshot from one of the daily narrative videos in which the narrator presents the
challenge of the day. The map situates the action within a specific location on the Realms reinforcing
narrative continuity and spatial coherence throughout the semester.

Beyond these core mechanics, additional features supported sustained Explorer en-
gagement. Collections and Cards generated discovery dynamics through rarity, variability,
and completion-driven curiosity. Pets and avatar-related enhancements (including Equip-
ment Upgrades) supported experimentation dynamics through personalization and tactical
exploration of system affordances, allowing students to test different configurations and
observe their effects across the semester.

Socializers, representing the second-largest segment (36%), were addressed primarily
through two core mechanics: stable Group configurations and the Narrative framework.
The Group mechanic generated dynamics of interdependence and shared responsibility,
while the Narrative mechanic provided shared thematic context and communal mission—
together producing the aesthetic of fellowship and collective identity. Although cooperation
predominated both within and across groups, the Group mechanic also enabled occasional,
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instructor-bounded inter-group comparisons (e.g., short competitive moments tied to
specific activities), introducing secondary competitive dynamics without shifting the overall
cooperative classroom climate. The Battles mechanic complemented these core features
through dynamics that created intense shared emotional experiences (cooperative entire-
class-versus-monster challenges that fostered collective tension, mutual support, and
communal victory celebration), thereby reinforcing the fellowship aesthetic across the
wider learning community [33,41]. The Collections mechanic further reinforced Socializer
engagement through card trading functionality, which extended collaborative opportunities
beyond fixed group assignments and fostered peer-to-peer interaction.

Killers, constituting a minority profile within the cohort (18%), presented unique de-
sign challenges given the educational context’s emphasis on cooperative learning. Mechan-
ics traditionally associated with Killers—such as direct player-versus-player combat—were
deliberately constrained to maintain pedagogically appropriate collaboration. Neverthe-
less, as shown in Table 1, Skills and Equipment Upgrades offered partial alignment with
Killer motivations while remaining educationally sound, generating competitive dynam-
ics within cooperative constraints. The Skills mechanic enabled bounded competitive
interactions consistent with Killers” preferences for influence and dominance within a
rule-governed system; Equipment Upgrades simultaneously functioned as visible status
markers that supported prowess-signaling dynamics [38]. The Battles mechanic, while
primarily cooperative, retained competitive undertones by randomly selecting individ-
uals to demonstrate knowledge as class representatives, thereby generating moments of
high-visibility intellectual dominance in a pedagogically acceptable format.

Although Achievers represented the smallest segment (7%), their motivational pro-
file aligned particularly well with pedagogically essential platform functions. The Lev-
els mechanic—the core progression system—quantified achievement through experience
points and clear advancement sequences, generating mastery dynamics and accomplish-
ment aesthetics. Importantly, as students accumulated experience points, they advanced
through a structured sequence of levels, with their final level contributing to their overall
course grade, thus directly linking gamified progress to academic evaluation. The Fortune
Wheel complemented this progression architecture as an incentive mechanism by awarding
random amounts of gold, reinforcing engagement through intermittent rewards that could
be reinvested in other platform features. Additional Achiever-oriented mechanics (Wordlet,
Collections, Treasure Chests, and, to some extent, Battles) were configured to generate
task-completion, goal-accumulation, and measurable achievement dynamic.

2.4. Instrument

To assess changes in attitudes toward physics and chemistry among preservice primary
teachers, the study employed a 22-item validated questionnaire specifically developed
for this population [43]. Participants indicated their level of agreement to each statement
using a five-point Likert scale ranging from 1 (strongly disagree) to 5 (strongly agree). The
questionnaire incorporates three temporal dimensions reflecting distinct facets of learners’
relationships with science: (a) a past dimension (items 1-8), examining retrospective
learning experiences with physics and chemistry; (b) a present dimension (items 9-16),
assessing current perceptions as both active society members and university students; and
(c) a future dimension (items 17-22), eliciting professional expectations regarding their
anticipated role as primary education teachers. At least one reverse-coded item appeared
in each dimension to mitigate response acquiescence bias.

The questionnaire was administered digitally at two timepoints: pretest (course be-
ginning) and posttest (course end). In the posttest, items in the past dimension were
contextually reframed to reference the RESC course experience specifically, enabling a
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within-participant comparison between prior physics/chemistry learning experiences and
the RESC experience. For example, the pretest item “In physics and chemistry class, I could
express my own ideas” was adapted for posttest administration to read “In RESC, I could
express my own ideas”.

Given the multidimensional structure of the instrument, internal consistency was
evaluated separately within each temporal dimension [44]. As shown in Table 2, Cron-
bach’s « coefficients ranged from 0.573 to 0.818 at pretest and from 0.660 to 0.786 at posttest,
indicating questionable to good internal consistency. McDonald’s w coefficients, computed
on items with non-zero posttest variance, ranged from 0.736 to 0.888. Although some
Cronbach’s « coefficients fell below the conventional threshold in social sciences [45], Mc-
Donald’s w provides a more robust reliability estimate under non-normality and restricted
variance; in this context (including ceiling effects at post-test), w values supported an
overall interpretation of adequate internal consistency.

Table 2. Reliability Coefficients for Attitude Dimensions at Pretest and Posttest.

Reliability Past Present Future
Coefficients Pretest Posttest Pretest Posttest Pretest Posttest
Cronbach’s « 0.784 0.573 0.818 0.660 0.595 0.677

McDonald’s w_t 0.847 0.753 0.888 0.786 0.736 0.836

Note: Several posttest items exhibited zero variance (items 10, 17, 20), which constrained the computation of
internal consistency estimates for those items. McDonald’s w_t was therefore computed on the subset of items
with non-zero posttest variance within each dimension.

Beyond attitudinal assessment, the posttest incorporated two supplementary measures.
First, students rated their perceived motivational relevance for 13 specific FantasyClass
features and gamification elements using an ad hoc questionnaire developed for this study,
in which participants rated each feature on a 5-point Likert scale (1 = not motivating at
all, 5 = very motivating). The questionnaire has not been validated in prior research;
responses should therefore be interpreted as descriptive self-reports of subjective motiva-
tional experience rather than psychometrically validated constructs or objective evaluations
of gamification quality. Because the aim is to capture perceived motivational relevance,
participants are appropriate informants for their own experience, irrespective of formal
expertise in gamification. To characterize shared versus heterogeneous preferences, we
summarize these ratings using distributional indices (median, IQR, and high-endorsement
and maximum-endorsement frequencies, operationalized as the proportions of ratings > 4
(% > 4) and ratings = 5 (% = 5)), and we treat the results as descriptive indicators of con-
sensus and variability across participants.

For subsequent analyses, these features were aggregated a priori into six theoretical
game-element categories (based on [35]); given the sample size, this categorization was not
examined via factor-analytic validation and is therefore treated as a theory-driven analytic
grouping. The six categories were: Assistance (equipment upgrades, pets), Immersion
(narrative/ambient features), Incentive (collectibles, fortune wheel), Progression (leveling
up), Risk/Reward (chance- and payoff-contingent mechanics), and Socialization (working
in groups) (see Table 1 for complete feature-to-category mapping). Multi-item categories
were evaluated for internal consistency using Cronbach’s «: Assistance (k =2, « = 0.922),
Immersion (k =2, o = 0.663), Incentive (k =2, o« = 0.749), and Risk/Reward (k =5, o = 0.792).
Progression and Socialization were single-indicator categories (k = 1) and therefore do not
admit « estimates. Consistent with recent methodological guidance [44,46], alpha values
are interpreted contextually rather than against universal thresholds; Immersion’s lower
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value likely reflects the small number of items and conceptual breadth of combining distinct
mechanics (Narrative and Events).

Second, an open-ended question invited participants to reflect on whether and how their
perspectives on science teaching had changed following the gamified course experience.

2.5. Data Analysis
2.5.1. Quantitative Design and Variables

The quantitative component followed a one-group pretest—posttest (pre-experimental)
within-participant design [40]. Time (pretest vs. posttest) served as the within-participant
factor. Primary dependent variables were participant-level composite scores for the three
temporal attitude dimensions derived from the validated instrument (Past, Present, Future;
see Section 2.4), computed after reverse-coding where required. Item-level attitude analyses
were treated as a secondary, finer-grained complement to the dimension-level compos-
ites. RQ1 is operationalized as pre—post change on the three attitude dimensions using
nonparametric within-participant tests, complemented by item-level pre—post analyses
within each dimension. RQ?2 is operationalized descriptively as participants’ self-reported
perceived motivational relevance ratings for each implemented FantasyClass feature and as
aggregated summaries at the level of six theory-driven game-element categories (as defined
in Section 2.4). RQ3 is operationalized as exploratory associations between attitudinal
change indices (post—pre change scores for Past, Present, and Future) and participants’
composite motivation ratings for the six game-element categories (Spearman correlations).
Given the pre-experimental one-group design and the absence of preregistered hypotheses,
inferential results are interpreted as estimates of within-participant change and exploratory
association, not as causal effects attributable to gamification.

2.5.2. Quantitative Analysis

Quantitative analyses were conducted in IBM SPSS Statistics v27. Item-level distri-
butions were screened with the Shapiro-Wilk test; given non-normality (p < 0.05), item
descriptives are reported as median and interquartile range (IQR). For individual Likert-
type items, medians are reported as integers on the 5-point scale, whereas IQRs may
include half units due to quartile computation. Reverse-worded items were recoded so
that higher scores consistently indicated more positive attitudes. Dimension composite
scores were computed at the participant level as the mean of the constituent items after
reverse-scoring where required, following standard practice for summated Likert scales
treated as approximately interval when aggregating multiple items. To respect sample-level
distributional departures, we summarize the distribution of these participant-level compos-
ites with median and IQR across participants and base inferential tests on nonparametric
statistics. Consistent with classic and contemporary perspectives on attitude measurement,
we interpret change primarily at the group level and emphasize dimension-level indices
rather than relying solely on a single global score [47].

Pre—post changes were evaluated using Wilcoxon signed-rank tests (two-tailed,
continuity-corrected) at two levels of granularity. First, to assess global attitudinal shifts,
we computed composite scores for each temporal dimension (Past, Present, Future) by
averaging constituent items at the participant level. Wilcoxon signed-rank tests were
conducted for each of the three dimension-level comparisons (Past, Present, Future),
with p-values adjusted using the Holm step-down family-wise error procedure (x = 0.05)
across these three tests. For each dimension, we report the Wilcoxon W statistic, Holm-
adjusted p-value, matched rank-biserial effect size (r_rb) with 95% bootstrap confidence
intervals, and the Hodges-Lehmann median paired difference (HL A) with 95% bootstrap
confidence intervals.
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Second, to localize where changes were most pronounced within each temporal
dimension, we conducted item-level Wilcoxon signed-rank tests for all 22 questionnaire
items. Within each dimension separately, p-values were adjusted using the Holm step-
down procedure (Past: 8 tests; Present: 8 tests; Future: 6 tests). Item-level results report the
Wilcoxon W statistic, dimension-specific Holm-adjusted p-value, and matched rank-biserial
effect size (r_rb).

Associations between attitudinal change and perceived motivation for gamification de-
sign elements were examined using Spearman rank-order correlations (p). Specifically, we
correlated post—pre change scores for each temporal attitude dimension (A Past, A Present,
A Future) with participants’ composite motivation ratings for the six game-element cate-
gories, computed as the mean of the feature ratings within each category, and interpreted
as self-reported perceived motivational relevance. All correlations were computed on
complete cases with N = 23 participants (list-wise). We report two-tailed p-values and 95%
bias-corrected and accelerated (BCa) bootstrap confidence intervals (B = 5000 resamples),
resampling at the participant level, and we adjusted p-values using the Holm step-down
family-wise error procedure (x = 0.05) within this correlation family.

2.5.3. Qualitative Analysis

For the qualitative analysis, we conducted a thematic analysis [48] using ATLAS.ti
v.23. This approach allowed for the identification of recurring themes that emerged from
participants’ reflections, ensuring that the analysis remained grounded in their lived expe-
riences. The open-ended prompt was optional; consequently, qualitative responses were
available for 15 of the 23 participants (N = 15). The emergent themes were triangulated
with the quantitative findings to strengthen the validity of the results and provide a richer
understanding of the participants’ experiences and perceived changes within the gamified
course context.

2.6. Relationship to Prior Publications and Data Provenance

This manuscript reports an original dataset collected in RESC during the 20222023 aca-
demic year and examines pre—post attitudinal change toward physics and chemistry. Our
group has reported related FantasyClass-based implementations in subsequent RESC co-
horts [49,50]; however, those studies involve different participants and academic years and
address different focal constructs (e.g., intrinsic motivation or needs satisfaction/presence
rather than attitudinal change), as well as different player-type frameworks and instru-
ments. The dataset and analyses reported in the present manuscript are unique to RESC
2022-2023.

3. Results
3.1. Global Dimension-Level Changes

Here we first summarize the dimension-level effects (Table 3). Across the three dimen-
sions, pre—post gains were uniform and large: Wilcoxon tests remained significant after
Holm adjustment across the three dimensions, and matched rank-biserial effect sizes were
at the upper end of the scale (r_rb = 0.98-1.00). The Hodges-Lehmann estimates indicate
educationally meaningful improvements for a typical participant—on the order of half a
Likert point for Present, and about one to one-and-a-half points for Future, and especially
Past. Median increases were accompanied by IQR compression, showing greater consensus
at post rather than change driven by a few outliers. The Wilcoxon statistics (W = 0) further
suggest a consistent shift in the positive direction (no evidence of deterioration in any
dimension). Taken together, these global results provide a clear, robust picture of overall
improvement in students’ retrospective experiences compared to the RESC course (Past),
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current attitudes (Present), and prospective self-efficacy and professional outlook (Future),
motivating the subsequent item-level analyses by dimension.

Table 3. Global pre—post changes in Past, Present, and Future dimensions.

Dimension Pre Mdn Post Mdn W p r_rb HL A
[IOR] [IOR] (Holm)  [95% CIl  [95% CI]
Past ~ 275[094] 462[038] 0  <0.001* [1.030300] [1.318',622.00]
Present ~ 3.88[0.69] 4.62[0.38] 0  <0.001* [0,8%;9f.om [0.5%,5300]
Future ~ 350[050] 467[050] 0  <0.001* [1'010',0300] [0'82',0317]

Note: Mdn = median; IQR = interquartile range; W = Wilcoxon signed-rank (two-tailed, continuity-corrected)
for all dimensions. N = 23 paired observations. p (Holm) = Holm step-down family-wise error-adjusted p-value
across the three-dimension tests, asterisks (*) indicate statistical significance at the 5% level; r_rb = matched
rank-biserial effect size; HL A = Hodges-Lehmann median paired difference. Bracketed values are 95% bootstrap
confidence intervals. Higher scores indicate more positive attitudes; items 8, 9, 17, and 19 were reverse scored.

3.2. Item-Level Changes by Dimension
3.2.1. Past Dimension

The Past dimension (Table 4) contrasts students’ pretest evaluations of prior
physics/chemistry learning experiences with their posttest evaluations of the RESC course,
reflecting changes in how they perceived their learning environment. At the item level,
most pre-intervention medians ranged from 3 to 4, indicating neutral to favorable baseline
attitudes. Following the gamified intervention, all eight items exhibited statistically sig-
nificant improvements (Holm-adjusted Wilcoxon), with large matched rank-biserial effect
sizes ranging from 0.82 to 1.00.

Table 4. Past dimension: Attitudinal changes in retrospective learning experiences.

Pretest Posttest

Item Number and Statement W P r_rb
Mdn IQR Mdn IQR (Holm)  *-
1—In physics and chemistry class, I got answers to 3 15 5 0 0 <0.001 * 0.99
questions that intrigued me ' ' '
2—In physics and chemistry class, I could express my 3 5 5 0 0 <0.001 * 0.98
own ideas ' '
3—I could get good grades in physics and chemistry .
without the help of the teacher 2 ! 4 2 1 <0.001 082
4—Physics and chemistry classes fascinated me 2 0 0 <0.001 * 0.99
5—Physics and chemistry lessons were easy to study 0.5 <0.001 * 1.00
6—1I had fun learning physics and chemistry 1.5 0 <0.001 * 0.99
7—Physics and chemistry allowed me to understand .
everyday phenomena 4 1 5 0 0 <0.001 0.96
8—For me, it was difficult to learn physics and 3 1 5 1 3 <0.001 * 0.94

chemistry (R)

Note: Mdn = median; IQR = interquartile range; W = Wilcoxon signed-rank test statistic (two-tailed, continuity-
corrected); p (Holm) = Holm step-down family-wise error-adjusted p-value within this dimension, asterisks (*)
indicate statistical significance at the 5% level; r_rb = matched rank-biserial effect size. Item marked (R) was
reverse-worded and was reverse-scored so that higher values indicate more positive attitudes.

Notably, agreement with having curiosity addressed in science classes increased from
a median of 3 (IQR = 1.5) to a median of 5 (IQR = 0) (Item 1, r_rb = 0.99). Similarly,
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fascination with science lessons rose from a median of 3 (IQR = 2) to a median of 5 (IQR = 0)
(Item 4, r_rb = 0.99). Perceptions of the ease of studying physics and chemistry also showed
substantial gains, with the median increasing from 2 to 4 (Item 5, r_rb = 1.00). The view
that these subjects help explain everyday phenomena similarly improved, with the median
rising from 4 to 5 (IQR 1 to 0) (Item 7, r_rb = 0.96). For the reverse-scored difficulty item, the
median similarly increased from 3 to 5 (Item 8, r_rb = 0.94). Across all items, interquartile
ranges compressed from moderate-to-large intervals to zero or minimal values, indicating
increased consensus post-intervention.

3.2.2. Present Dimension

The Present dimension (Table 5) assesses students’ current attitudes toward the value,
relevance, and personal interest in physics and chemistry. Pre-intervention medians were
generally high, typically at 4, suggesting favorable baseline attitudes. After the course, all
eight items demonstrated statistically significant increases (Holm-adjusted Wilcoxon), with
effect sizes that were predominantly moderate to large.

Table 5. Present dimension: Attitudinal changes in current science perceptions.

Pretest Posttest %
Item Number and Statement \%Y Hol r b
Mdn IQR Mdn IQR (Holm)

9—Physics and chemistry have no connection to my life (R) 4 2 5 0 0 0.006 * 0.67
10—Understanding physics and chemistry is important 4 1 5 0 0 0.006 * 052
for everyone
11—TI like to read and learn about physics or chemistry .
through social media, YouTube, or other media 3 1 4 1 0 0.008 043
12—1I think physics and chemistry are interesting 4 15 5 1 6 0.008 * 0.49
13—I am interested in explanations of physical and 4 05 5 1 7 0.006 * 063
chemical phenomena
14—Physics and chemistry make our lives healthier, easier, 4 1 5 0 6 0.008 * 0.57
and more comfortable
15—The benefits of physics and chemistry outweigh the 3 1 5 1 0 0.002 * 0.80

potential adverse effects

16—Physics and chemistry can solve environmental problems 4 1 5 0.5 4 0.042*  —-0.01

Note: Mdn = median; IQR = interquartile range; W = Wilcoxon signed-rank test statistic (two-tailed, continuity-
corrected); p (Holm) = Holm step-down family-wise error-adjusted p-value within this dimension, asterisks (*)
indicate statistical significance at the 5% level; r_rb = matched rank-biserial effect size. Item marked (R) was
reverse-worded and was reverse-scored so that higher values indicate more positive attitudes.

Most notably, students reported stronger agreement that the benefits of physics and
chemistry outweigh potential drawbacks, with the median increasing from 3 to 5 (Item 15,
r_rb = 0.80). Greater interest in scientific explanations of physical and chemical phenomena
was also evident, with the median rising from 4 to 5 (Item 13, r_rb = 0.63). Items concerning
general relevance (Item 10) and personal interest (Item 12) also saw interquartile ranges
narrow to zero or near-zero, highlighting increased consensus. For the item on physics and
chemistry’s potential to solve environmental problems (Item 16), statistical significance
was observed; however, the matched rank-biserial effect size was negligible (r_rb = —0.01),
likely reflecting ceiling effects on this item. The reverse-scored connection-to-life item
(Item 9) also demonstrated a shift toward more positive attitudes, with a moderate effect
size (r_rb = 0.67).
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3.2.3. Future Dimension

The Future dimension (Table 6) measures prospective self-efficacy and the professional
value students attribute to teaching physics and chemistry in primary education. At
the item level, the most pronounced changes occurred for perceived capability to teach
physics and chemistry to primary pupils (Item 21) and belief in having sufficient content
knowledge (Item 22), both increasing from a median of 2 to a median of 5 with very large
effect sizes (r_rb = 1.00 and r_rb = 0.99, respectively). Other items also showed significant
improvements. Support for allocating more instructional time to science increased, with
the median rising from 3 to 4 (Item 18, r_rb = 0.64), as did recognition of the importance of
these subjects for future professional development, with the posttest median at 5 (IQR =1
to 0) (Item 20, r_rb = 0.34).

Table 6. Future dimension: Attitudinal changes in teaching expectations and confidence.

Pretest Posttest
Item Number and Statement retes osties W (H(’:lm) r_rb
Mdn IQR Mdn IQR

17.—Phys1cs and chemistry should not be taught in 5 0 5 0 0 0.037 * _004
primary school (R)
18—More time §hould be devoted to physics and 3 1 4 1 6 0.006 * 0.64
chemistry in primary school
19—I think teaching physics and chemistry to ‘
primary school children must be boring (R) > ! > 0 12 0.026 037
20—The physics and chemistry I can learn is
important for my future professional development as 5 1 5 0 0 0.006 * 0.34
a primary school teacher
21—I feel capable of teaching physics and chemistry 5 1 5 1 0 <0.001 * 1.00

content to primary school children

22—1 consider that I have sufficient knowledge to
teach the physics and chemistry content of the 2 1 5 1 0 <0.001 * 0.99
primary education curriculum

Note: Mdn = median; IQR = interquartile range; W = Wilcoxon signed-rank test statistic (two-tailed, continuity-
corrected); p (Holm) = Holm step-down family-wise error-adjusted p-value within this dimension, asterisks (*)
indicate statistical significance at the 5% level; r_rb = matched rank-biserial effect size. Item marked (R) was
reverse-worded and was reverse-scored so that higher values indicate more positive attitudes.

For reverse-scored items, the item on perceived teaching boredom (Item 19) showed
median maintained at ceiling (pretest Mdn = 5, IQR = 1; posttest Mdn = 5, IQR = 0;
r_rb = 0.37, p (Holm) = 0.026). Despite statistical significance, the small-to-moderate effect
size indicates that this result primarily captures reduced variability around an already
favorable baseline rather than a substantive shift in central tendency. Finally, the item
concerning whether physics and chemistry should not be taught in primary school (Item 17)
maintained a ceiling median (Mdn = 5, IQR = 0 at both timepoints). Despite statistical
significance (p (Holm) = 0.037), the small effect size (r_rb = —0.24) lacks practical inter-
pretability; the result reflects minor individual fluctuations within a distribution already at
maximum favorable response, constituting a statistical artifact of severe baseline ceiling
rather than meaningful change.

3.3. Perceived Motivation for Gamification Features

To assess the alignment between design intentions and student perceptions, partici-
pants rated the perceived motivational value of each FantasyClass feature. Table 7 presents
descriptive statistics for all thirteen implemented features. The distribution of ratings
revealed meaningful distinctions regarding which features resonated most strongly with
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students, patterns that warrant interpretation in light of the tailored gamification design
strategy and empirical player-type composition.

Table 7. Perceived motivation by FantasyClass feature at posttest (N = 23).

Fa‘;t::zﬁlass Mdn IQR % >4 %=5 Category
Uplevelling 5 0 100.0 95.7 Progression
Events 5 0 100.0 82.6 Immersion
Wordlet 5 0 100.0 78.3 Risk/Reward
Collections 5 0 91.3 87.0 Incentive
Fortune wheel 5 0 87.0 87.0 Incentive
Narrative 5 1 95.7 69.6 Immersion
Groups 5 1 82.6 69.6 Socialization
egtlfi%)];iii ¢ 4 1 78.3 435 Assistance
Battles 4 1.5 73.9 30.4 Risk/Reward
Pets 4 2 65.2 43.5 Assistance
Chests 4 2 60.9 39.1 Risk/Reward
Cards 4 2 56.5 435 Risk/Reward
Skills 4 3 56.5 30.4 Risk/Reward

Note: Mdn = median; IQR = interquartile range; % > 4 denotes the proportion of ratings in the upper range (4-5),
and % = 5 denotes maximum endorsements (rating = 5). Items rated on a 1-5 Likert scale (1 = not motivating,
5 = highly motivating). Categories follow [35]. Percentages computed over non-missing responses.

The highest-rated features—Uplevelling, Events, Wordlet, Collections, and Fortune
Wheel (all Mdn = 5)—achieved ceiling-level median ratings with zero interquartile range.
Uplevelling’s ceiling performance (Mdn = 5, IQR = 0, 100% > 4, 95.7% rated it 5) is particu-
larly noteworthy given Achievers’ minority status (7%): the feature’s near-ceiling distri-
bution suggests successful integration of pedagogically necessary continuous-assessment
structures with broadly appealing progression feedback, extending motivational benefits
beyond the target player type. Events and Fortune Wheel, both implemented as daily
chance-based elements intended to support Explorer-oriented dynamics (e.g., surprise
and variability), also obtained very high ratings (100% and 87.0% of students rating > 4,
respectively), with correspondingly high maximum-endorsement rates, supporting the
decision to include surprise-oriented mechanics for the Explorer plurality (39%).

Wordlet, despite its periodic implementation, also achieved a maximum median
rating with 100% of students rating it > 4. This performance for a challenge-based puzzle
mechanic targeting both Achievers (minority 7%) and Explorers (majority 39%) suggests
a successful dual-function design in which skill-based tasks with clear success criteria
resonated broadly across player-type profiles. Collections achieved identical ceiling metrics
(Mdn =5, IQR =0, 91.3% > 4), which may reflect the element’s multifaceted implementation
addressing Explorers (discovery), Achievers (completion), and Socializers (trading).

Narrative and Groups—the two most strategically emphasized features implemented
as daily core mechanics for majority player types (Explorers 39% and Socializers 36%,
respectively)—demonstrated robust but not ceiling-level performance. Narrative achieved
Mdn = 5 but with IQR = 1, indicating that while the median student provided maximum rat-
ing, variability existed across the middle 50% of responses. Nevertheless, 95.7% of students
rated Narrative > 4, confirming strong consensus regarding its motivational value. Groups
similarly achieved Mdn = 5, IQR = 1, with 82.6% rating > 4, substantiating the cohort-
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informed design emphasis whereby deploying structural mechanics intended to align with
majority player types successfully translated into elevated perceived motivational impact.

The mid-tier cluster—Upgrade Equipment (Mdn = 4, IQR =1, 78.3% > 4) and Bat-
tles (Mdn = 4, IQR = 1.5, 73.9% > 4)—demonstrated solid but more variable reception.
While 73.9% of students rated Battles as motivating or highly motivating, the elevated IQR
(1.5, highest among features with Mdn = 4-5) indicates more heterogeneous perceptions,
potentially reflecting differential appeal across the different motivational affordances the
element was designed to combine. Upgrade Equipment’s performance (Mdn =4, IQR =1,
78.3% > 4) aligns with its continuous deployment as an Explorer-oriented customization
feature. The solid but not exceptional metrics suggest successful engagement of the tar-
get majority.

The lower-rated features—Pets (Mdn =4, IQR =2, 65.2% > 4), Chests Mdn=4,IQR =2,
60.9% > 4), Cards (Mdn =4, IQR =2, 56.5% > 4), and Skills (Mdn = 4, IQR = 3, 56.5% > 4)—
revealed more moderate perceived motivational impact with elevated interquartile ranges
indicating substantial variability in student perceptions. Skills” elevated IQR (3, highest
across all features) coupled with only 56.5% rating > 4 suggests polarized reactions, wherein
the feature strongly engaged some students (consistent with the idea that probabilistic,
competitive-leaning mechanics can polarize preferences) while generating more tepid
response from others. Cards, Chests, and Pets all demonstrated identical interquartile
ranges (IQR = 2) but progressively declining percentages rating > 4 (Pets 65.2%, Chests
60.9%, Cards 56.5%), indicating moderate consensus with substantial minorities perceiving
these features as less motivating.

3.4. Associations Between Attitudinal Change and Perceived Motivation

To examine relationships between students’ attitudinal changes across temporal dimen-
sions and their responses to categorized game design elements, Spearman rank-order corre-
lations (p) were computed with BCa bootstrap 95% confidence intervals. Table 8 presents the
results for all pairings between the three temporal dimensions (A Past, A Present, A Future)
and six gamification element categories (Assistance, Immersion, Incentive, Progression,
Risk/Reward, Socialization).

The correlation matrix revealed predominantly weak associations between temporal
motivation dimensions and gameful design element categories. Only one correlation
achieved statistical significance after Holm adjustment for multiple testing: Immersion
elements with A Future demonstrated a moderate positive correlation (p = 0.531, 95% CI
[0.195, 0.776], p (Holm) = 0.027). This finding indicates that students who reported greater
positive motivational change regarding future science teaching also showed more positive
responses to Immersion-category elements (Narrative and Events).

One additional correlation approached statistical significance in the raw analysis but
did not survive correction: Socialization elements with A Past showed a moderate positive
association (p = 0.419, 95% CI [—-0.012, 0.710], p (Raw) = 0.0464; p (Holm) = 0.139), suggest-
ing a potential link between appreciation for group-based mechanics and retrospective
attitudinal gains, though this association is not statistically defensible after controlling for
multiple comparisons. All remaining correlations (16 of 18) demonstrated weak magni-
tudes (1p | < 0.40) with p (Raw)-values exceeding 0.10, indicating absence of significant
linear relationships. No statistically significant correlations emerged for Assistance, Incen-
tive, Progression, or Risk/Reward categories with any temporal dimension after Holm
correction.

Taken together, the correlational analyses indicate that only Immersion showed a
moderate, statistically robust association with pre—post change in the Future dimension,
whereas other associations were weak or not statistically significant after adjustment. High
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self-reported motivational ratings for several feature categories may have limited between-
participant variability, which may reduce the sensitivity of correlational tests to detect
differential associations across components. This pattern motivates the discussion of how
immersive framing may relate to future-oriented self-efficacy, while underscoring the need
for component-focused comparative designs to test these mechanisms.

Table 8. Spearman Correlations Between Attitudinal Change Dimensions and Perceived Motivation
for Gamification Feature Categories.

Category A Dimension p [95% CI] p (Raw) p (Holm, Within

Family)
- 0.061
Assistance A Past [—0.368, 0.532] 0.781 1
. —0.073
Assistance A Present [—0.476, 0.404] 0.740 1
. 0.007
Assistance A Future [—0.405, 0.464] 0.976 1
. 0.021
Immersion A Past [-0.433, 0.451] 0.923 0.923
. 0.270
Immersion A Present [-0.135, 0.604] 0.213 0.426
. 0.531 .
Immersion A Future [0.195, 0.776] 0.009 0.027
. 0.196
Incentive A Past [—0.307, 0.544] 0.371 1
. —0.029
Incentive A Present [-0.494, 0.468] 0.896 1
. 0.133
Incentive A Future [-0.360, 0.539] 0.545 1
Progression A Past —0.308 0.152 0.456
Progression A Present 0.049 * 0.825 0.923
Progression A Future 0.161 7 0.462 0.923
. 0.003
Risk/Reward A Past [0.424, 0.469] 0.988 1
. 0.003
Risk/Reward A Present [—0.474, 0.478] 0.989 1
. 0.331
Risk/Reward A Future [-0.116, 0.711] 0.123 0.369
e 0.419
Socialization A Past [-0.012, 0.710] 0.046 0.139
C e 0.233
Socialization A Present [-0.152, 0.550] 0.285 0.285
Socialization A Future 0.358 0.093 0.187

[—0.002, 0.645]

Note: p = Spearman rank-order correlation; A = post-pre change scores; CI = 95% bias-corrected and accelerated
(BCa) bootstrap confidence interval (B = 5000). p (Raw) = uncorrected two-tailed p-value; p (Holm) = Holm
step-down family-wise error-adjusted p-value. N = 23 paired observations. * p (Holm) < 0.05. ¥ Bootstrap CI could
not be computed due to extreme ties and ceiling effects.
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3.5. Qualitative Analysis of Student Responses

Thematic analysis of students’ open-ended responses (see Appendix A, Table A1) iden-
tified six emergent themes reflecting key dimensions of students’ experiences and perceived
impacts of the gamified intervention (n = 15 voluntary respondents). The most preva-
lent theme—motivational uplift and increased enjoyment (93.3% of these respondents)—
encapsulates students” overwhelmingly positive affective response to the course. Many
framed it as the most energizing experience of their degree program and emphasized
sustained engagement throughout the semester. Representative quotes include: “By far,
this is the course that has motivated me the most in my degree; gamification kept me
connected and motivated in physics and chemistry” and “Honestly, I really liked it.” The
recurrent emphasis on fun, interest, and momentum suggests that gamification did not
merely make activities more entertaining; it helped maintain attention and effort across the
semester, consolidating students” willingness to engage with physics and chemistry.

Nearly half (46.7%) reported positive change in attitude towards science, narrating
a move from indifference—or even aversion—to curiosity and appreciation. Students
often attributed this shift to the format and atmosphere of the course: “I was one of those
who, at the beginning, did not like Physics and Chemistry, but now I can recognize it
was because I had never been taught in such a dynamic, motivating and interesting way.”
Others highlighted how their reappraisal spilled beyond the classroom into everyday
conversations: “My perception of physics and chemistry has drastically changed; during
the course I couldn’t stop telling those around me everything I was learning and why many
things happen.” For a few, the change included overcoming long-standing anxiety: “I am
very happy I chose this course and have lost my fear of science.”

Pedagogical approach and teacher impact (53.3% of respondents) were foregrounded
by more than half the cohort, who pointed to hands-on laboratory work connected to every-
day phenomena, clear and enjoyable explanations, and a well-structured, non-monotonous
sequence of sessions. Typical remarks included: “I would highlight the lab practices
in everyday physics and chemistry; they are very useful and attractive for our future
pupils and for ourselves” and “The course is well focused and structured; it never became
boring because every class was different.” These comments indicate that instructional
craft—variety, clarity, and purposeful alignment with real-world contexts—was central to
both understanding and engagement.

Looking to their professional trajectory, 40.0% highlighted future-oriented transfer
to teaching, stating clear intentions to adopt the course’s approach and reporting a ready
“toolbox of ideas” for primary classrooms. Illustrative quotes include: “Everything I have
learned I am sure I will take to my classroom when I become a teacher!” and “Thanks to the
experiments and activities we did, I now have a toolbox full of ideas to use with my future
students.” These accounts foreground the perceived sustainability of the intervention, with
anticipated benefits extending beyond the present cohort into their professional practice.

Two lower-frequency themes—everyday relevance (20.0% of respondents) and per-
sonal growth and self-efficacy (6.7% of respondents)—appeared less prominently but
underscore depth of change for some participants. Students described how science became
visible in their daily lives: “Today I see physics and chemistry everywhere I go; science
is recreational and everyday.” Others spoke of individual transformation and increased
confidence: “Now I feel more capable and confident to teach science in primary school.”
Although less prevalent than motivational themes, these patterns signal that the course
helped anchor science in everyday perception and bolstered confidence for future teaching
among a meaningful subset of the cohort.
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4. Discussion

This mixed-methods study examined whether a narrative-driven digital gamification
intervention grounded in the MDA framework and Bartle’s player typology was associated
with improvements in preservice elementary teachers’ attitudes toward science and ex-
plored which game elements participants perceived as most motivating. By systematically
triangulating quantitative pre—post attitudinal assessments, game-element motivation rat-
ings, and qualitative open-ended responses, the findings provide convergent evidence of
substantial improvements across past, present, and future temporal dimensions, alongside
consistent emphasis on progression, narrative immersion, and collaborative structures
as key motivational affordances. The integration of these complementary data strands
provides a nuanced understanding of not only the magnitude of attitudinal change but also
the lived experiences and pedagogical contexts through which such transformations may
have occurred, contributing empirical evidence for narrative-enhanced digital platforms as
research-based pedagogical innovations [15,20].

4.1. Observed Shifts in Science Attitudes and Perceived Teaching Self-Efficacy: Convergent
Quantitative-Qualitative Evidence

The quantitative data indicate statistically significant gains with uniformly large effect
sizes across all three temporal dimensions of science attitudes, with matched rank-biserial
coefficients approaching unity, indicating near-universal upward movement within the
sample, although these estimates should be interpreted as indicative, given the cohort
size (N = 23) and the observed ceiling effects at post-test. Given the one-group pretest—
posttest design, these differences are interpreted as within-participant changes following
course participation, not as causal effects attributable to gamification. The direction and
magnitude of these changes are broadly in line with meta-analytic patterns reported for
gamification effects on affective outcomes in higher-education and STEM contexts [20],
while recognizing that the present design does not permit causal attribution.

In response to RQ1, this pre—post pattern is documented both at the dimension level
(Table 3) and at the item level within each temporal dimension (Tables 4-6). Crucially,
these numerical patterns are corroborated by participants” qualitative narratives describing
attitudinal transformation, providing rich, situated evidence that the observed psycho-
metric gains may reflect genuine shifts in emotional stance, intellectual curiosity, and
epistemological positioning—rather than merely socially desirable responding or mea-
surement artifacts [5,51]. Taken together, the convergent strands support the plausibility
of meaningful affective change, while underscoring the need for comparative designs in
future work.

The Past dimension exhibited large gains (r_rb ~ 1.00; Table 3), reflecting substantial
improvements in students’ retrospective perceptions of their prior science learning experi-
ences. [tems assessing curiosity during school science classes, enjoyment of science, and
fascination with scientific phenomena all showed median increases from 3—4 to 4-5, suggest-
ing that participants developed more positive recollections of their own science education.
This retrospective reappraisal is strikingly evident in qualitative accounts in which students
described drastic changes in their perceptions of physics and chemistry, contrasting the
RESC course’s dynamic and motivating nature with their prior transmissive instruction
characterized as monotonous and teacher centered [52]. It is crucial to note that the pre-test
‘Past” dimension established a baseline comprising the students” entire history of physics
and chemistry education—including recent university-level inquiry-based courses com-
pleted in their second year. The fact that the RESC experience (measured at post-test) was
associated with such a marked divergence from this accumulated baseline is consistent with
participants experiencing the RESC course as qualitatively distinct from their accumulated
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prior physics/chemistry learning experiences. Furthermore, while exploratory analyses
suggested a potential link between the Socialization category (working in groups) and
these retrospective gains, this association did not retain statistical significance after conser-
vative correction for multiple comparisons. However, given that Socializers constituted a
substantial portion of the cohort (36%), qualitative evidence suggests that the collaborative
structure may have played a supportive role in reducing anxiety, aligning with findings that
cooperative learning environments can ameliorate negative attitudes toward science [53].

In contrast to the Past dimension’s retrospective revaluation, the Present dimension re-
veals the study’s most distinctive finding. The results resonate with other FantasyClass and
narrative implementations, yet reveal a critical distinction. While Fabre-Mitjans et al. [54]
and Jiménez-Valverde et al. [55] documented improvements in Past and Future dimensions,
the present study uniquely achieved large effect sizes with median-level improvements
across all three dimensions, including the Present dimension (r_rb ~ 0.98; Table 3)—a find-
ing not replicated in these other implementations, where either no significant changes [54]
or no observable median shifts [55] were observed in present-moment attitudes. This
distinction reflects pedagogical content specificity rather than differences in gamification
infrastructure. The content-contextualization strategy—deliberately grounding physics
and chemistry in recognizable, quotidian phenomena (e.g., why aircraft achieve flight,
polymers in our lives, diaper absorption, household acids and bases)—may be consistent
with a stronger association between gamification and present-moment attitudes. These
findings suggest that pedagogical content specificity may be an important contextual factor
shaping how gamified designs relate to present-moment attitudes, supporting the view
that instruction embedded within authentic contexts enhances attitudinal outcomes [56,57]
and aligns with research linking context-based science teaching to improved affective
outcomes [58,59].

The Future dimension exhibited substantial gains (r_rb ~ 1.00; Table 3), with items
measuring confidence in teaching science content to primary pupils and adequacy of subject-
matter knowledge both increasing from disagreement to strong agreement, representing
significant shifts in teaching self-efficacy. Qualitative data enrich this pattern: participants
described feeling more capable and confident in teaching science classes and having
acquired “a toolbox of ideas” to implement with future students. Importantly, many
accounts explicitly attributed these shifts to the course’s gamified and narrative framing
(e.g., the format, atmosphere, and engagement structure). However, these self-reported
attributions are interpretive evidence of perceived mechanism rather than causal proof, and
they cannot exclude alternative explanations (e.g., instructor effects, novelty, or maturation).
Multiple students emphasized that the learning experience extended beyond scientific
knowledge to encompass pedagogical craft, describing how they had never been taught
in such a dynamic, motivating, and interesting way. These narratives suggest not merely
cognitive appraisal of capability but early professional identity work—participants appear
to be articulating hoped-for possible selves as more confident and reform-minded primary
science teachers [60-62] and are consistent with self-efficacy theory emphasizing mastery
and vicarious modeling as key sources of efficacy beliefs [63].

4.2. Motivational Affordances: Player-Type Alignment and Element Perceived Effectiveness

Addressing RQ2, participants’ self-reported perceived motivational relevance rat-
ings are summarized at the feature level in Table 7 and at the level of six theory-driven
game-element categories in the Results. Quantitative ratings of game-element motivation
revealed uniformly high endorsement across most features, with progression, narrative
events, Wordlet, and collectibles achieving median scores of 5 and interquartile ranges
of zero. Among six element families, Progression, Immersion, and Incentive emerged as
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most consistently motivating (Mdn = 5), whereas Assistance and Risk/Reward showed
more variability. These patterns align with player-type and motivational-affordance re-
search indicating that competence-oriented (progression, challenge) and narrative-oriented
(immersion, storytelling) features tend to appeal broadly across learner profiles, while
social-competitive and chance-based mechanics can polarize preferences [15,35,64]. As
noted in Section 2.3, Bartle’s typology informed cohort-level feature selection and configura-
tion; individual player-type classifications were used only to derive the cohort distribution
and were not retained at the participant level for analysis and therefore were not used for
subgroup or moderation analyses.

Specifically, the ‘Skills’ mechanic exhibited the highest interquartile variability
(IQR = 3), likely reflecting a friction between the cooperative course ethos and the competi-
tive affordances typically associated with ‘Killer’-aligned motivation in the literature [33].
This underscores the challenge of balancing varying motivational needs within a single
cohort and highlights that “one-size-fits-all” gamification carries the risk of alienating user
segments whose motivational needs are not met [28,30,65]. In practical terms, this finding
supports the rationale for adopting tailored digital gamification approaches grounded in
user modeling to account for individual differences and mitigate the risks of one-size-fits-all
designs, while maintaining bounded, pedagogically appropriate mechanics for classroom
feasibility [36,66]. In the present study, however, “tailoring” should be understood as
cohort-informed design rather than individualized adaptation.

The qualitative data triangulate and deepen these perceptual ratings by revealing the
experiential mechanisms underlying high motivation. Students” descriptions consistently
emphasized sustained engagement and contrast with prior instruction. Addressing RQ3,
exploratory correlational analyses (Table 8) indicate that motivation for Immersion (narra-
tive and ambient features) showed a moderate, statistically robust association with pre—post
change in the Future dimension (p = 0.531, p (Holm) = 0.0273), whereas other associations
were weak or not statistically significant after adjustment. Qualitative data contextualize
this association: students who described gamification as offering opportunities to engage
students in more enjoyable science teaching demonstrated an understanding of narrative’s
pedagogical potential that extended beyond personal enjoyment to professional applica-
tion [67]. This convergence is consistent with the theoretical proposition that narrative may
function as a cognitive—affective organizer supporting identity alignment—students who
engaged with the storyline may have enacted a “teacher-innovator” identity that bridged
learner and practitioner roles, potentially aligning with professional self-efficacy. Narra-
tive’s capacity to render abstract concepts personally consequential and situate learning
within meaningful, emotionally resonant contexts has been documented in science educa-
tion [68], and the present triangulated evidence extends this understanding to professional
identity formation in teacher education.

4.3. Pedagogical Quality as Essential Context: Gamification as Potential Amplifier, Not a Substitute

A critical insight emerging from triangulation is that gamification’s apparent associa-
tion with positive outcomes was closely intertwined with the broader pedagogical design
and students’ opportunities to engage meaningfully with disciplinary content. Quantita-
tively, all three attitude dimensions improved significantly, but qualitatively, students fore-
grounded not only game mechanics but also pedagogical features. Participants emphasized
how hands-on activities, laboratory-based experimentation, engaging explanations, and
the instructor’s approach were perceived as helping them deepen their understanding of
physics and chemistry, which is consistent with prior evidence linking more frequent hands-
on work and laboratory experiments to more positive attitudes toward science [69,70]. In
this light, the triangulated findings support a crucial design principle: gamification may
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have been associated with an amplification of, rather than replaced, research-based content
pedagogy [23].

The intervention layered digital game elements onto a course already rich in inquiry-
based laboratory work, constructivist approaches, everyday-science connections, and clear
scaffolding—features known to be associated with improved attitudes among preservice el-
ementary teachers [1,5]. Participants described acquiring not only scientific knowledge but
also pedagogical approaches, highlighting how practices and experiments had given them
numerous ideas to implement with future students. The convergence of quantitative gains
and qualitative emphasis on hands-on experimentation and real-world relevance suggests
that gamification’s motivational affordances may have been realized in contexts where
tasks were cognitively meaningful and authentically situated [2]. Students did not simply
earn points for trivial activities; they completed challenging laboratory investigations and
engaged in conceptual problem-solving—all framed within the gamified structure. This
integration resonates with constructivist and situated-learning perspectives emphasizing
that attitude change may be mediated by authentic participation, social scaffolding, and
cognitive reappraisal [5,71]. The finding aligns with recent reviews warning that gam-
ification is not a pedagogical panacea; its effectiveness appears to hinge on alignment
with learning objectives, transparent feedback, meaningful task design, and instructional
quality [21,23].

Our findings also offer a plausible account of how this amplification may have oc-
curred by linking the observed pattern of change to the attitude-change mechanisms
introduced in the Introduction. From an ELM perspective, the large attitudinal gains align
with predictions of central-route processing: students engaged with content through mean-
ingful, goal-directed laboratory tasks embedded within a coherent narrative, prioritizing
elaboration over superficial engagement. This design would predict greater durability of at-
titude change [9]. Additionally, the observed pattern is consistent with cognitive dissonance
resolution [10]: participants” positive, mastery-laden experiences directly contradicted their
moderately negative baseline beliefs about science (Past pretest Mdn = 2.75), a pattern
consistent with attitudinal realignment. Finally, consistent with the TPB [11], improve-
ments in attitudes were accompanied by behavioral intentions: qualitative evidence reveals
participants” heightened willingness to adopt gamification and active-learning strategies
in future teaching, with the magnitude of attitude-to-intention effects evident in Future-
dimension gains and consistent with evidence that first-hand gamified experiences during
initial teacher education have been linked to stronger preservice teachers’ acceptance of
gamification and their intention to use it in future classrooms [72,73]. Collectively, these
mechanisms—elaboration, dissonance resolution, and intention formation—offer comple-
mentary explanations for the observed transformation, reinforcing the interpretation of
narrative-driven gamification as a coherent pedagogical system rather than motivational
decoration [74].

From a practical standpoint, the findings point to a design stance in which gamification
is treated as a coherence-building layer that amplifies strong disciplinary pedagogy rather
than substituting for it. Consistent with the qualitative themes reported in Appendix A
(Table A1), participants frequently described narrative continuity, transparent progression,
and collaborative structures as providing a shared motivational frame for sustained en-
gagement, whereas more polarizing mechanics were described with more heterogeneous
reactions and therefore warrant careful boundary-setting in teacher-education contexts.

4.4. Potential Mechanisms of Professional Development

Building on this interpretation of narrative-driven gamification as an integrated ped-
agogical system, the pronounced gains in Future-dimension self-efficacy, coupled with
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qualitative evidence of emergent professional identity, are consistent with several inter-
pretive mechanisms discussed below, suggesting that the gamified course may have been
experienced simultaneously as a content-learning environment and a pedagogical appren-
ticeship. By transparently modeling research-based, need-supportive design principles
and embedding reflective opportunities, the course may have been associated with partic-
ipants developing readiness to engage students using innovative approaches. This dual
positioning aligns with teacher education scholarship on the apprenticeship of observation,
which suggests that preservice teachers may default to replicating familiar pedagogies
unless those experiences are surfaced and examined through structured critical reflection
and inquiry [75,76]. Students’ narratives revealing “I had never been taught this way”
suggest that exposure to dynamic, gamified, narrative-rich instruction may have served as
a powerful modeling experience [77]. This mechanism may help account for why partici-
pants simultaneously improved their attitudes toward science and demonstrated emerging
capacity to imagine themselves as innovative science educators.

The convergence of quantitative and qualitative findings also highlights that the in-
tervention may have changed situational cues plausibly relevant to stereotype threat and
performance anxiety, which disproportionately affect preservice elementary teachers in
physics and chemistry domains [3,4]. By embedding science tasks within a collaborative
narrative framework and a mastery-oriented motivational climate, the gamified design may
have altered situational cues that typically heighten evaluative vigilance—shifting emphasis
from individually diagnostic performance toward purposeful contributions to shared goals
and a sense of belonging. This recontextualization may have reduced ego-involvement by
moving from individual performance-comparison (am I smart enough?) toward collabora-
tive, meaningful action (am I contributing to the story?). In Steele’s terms [78], stereotype
threat is a situational pressure—"a threat in the air”—that is activated when a negative
group stereotype becomes relevant for interpreting oneself or one’s performance in an
identified-with setting; importantly, he argues that reducing a stereotype’s interpretive
relevance in the setting may attenuate the threat and its detrimental effects. Consistent with
this account, the collective narrative and mastery framing may have lowered the immediate
salience and interpretive weight of negative stereotypes, while identity-safe cues that signal
one’s social identity will not be a liability could plausibly reduce identity-related concerns
(e.g., belonging, devaluation) that sustain threat in academic contexts [79].

4.5. Limitations and Future Directions

Several design features warrant acknowledgment as limitations. First, the study
employed a pre-experimental one-group design without a concurrent control or comparison
condition. While common in educational innovation research, this design limits the ability
to rule out maturation effects or external variables as causes of the observed changes,
representing a constraint on internal validity [80]. Related threats include history effects
(concurrent experiences during the semester), measurement reactivity (sensitization from
repeated testing), and expectancy or demand characteristics (participants” awareness of
the intervention goals). Second, the sample comprised 23 fourth-year preservice teachers
in an elective course, implying self-selection that may limit generalizability to mandatory
foundational courses or cohorts with lower baseline interest or higher science anxiety. The
small sample restricts statistical power and precludes subgroup analyses. Ceiling effects
were evident at post-test: three items exhibited zero variance, and multiple dimensions
showed compressed distributions. While this indicates near-universal positive attitudes—a
desirable outcome—it complicates statistical analysis by reducing variance and attenuating
correlations. The qualitative data were limited to brief open-ended written responses rather
than in-depth interviews, constraining depth. Although participants frequently attributed
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change to the gamified experience, these accounts should be interpreted as perceived
explanatory narratives rather than as evidence that rules out competing explanations (e.g.,
instructor charisma or novelty effects). Moreover, the intervention was implemented in a
single Spanish university context by a single instructor, limiting ecological generalizability.
Finally, player-type personalization relied on Bartle’s framework, originally developed for
multi-user game environments. Alternative frameworks explicitly designed for educational
gamification contexts, such as HEXAD [81], may provide further insights in future research.
Despite these constraints, the convergence of large quantitative effect sizes with consistent
qualitative corroboration supports cautious confidence that the observed patterns are
consistent with genuine attitudinal transformation rather than artifact.

Future research should include comparison-groups designs (e.g., quasi-experimental
or randomized studies) and employ controlled comparative designs that disentangle the
effects of key design components (e.g., the narrative layer, progression/feedback mechanics,
and social-collaborative structures) by contrasting component-equivalent versions of the
intervention with non-gamified instruction, ideally using concurrent comparison condi-
tions to strengthen causal inference and improve interpretability of null and mixed findings.
Such component-focused comparative work is particularly important given that much of
the gamification literature evaluates interventions as bundled packages rather than isolat-
ing specific affordances [14]. Longitudinal follow-up tracking participants into in-service
teaching—via classroom observations, lesson-plan analyses, and self-reported adoption—
would assess whether attitudinal gains translate into sustained pedagogical practices po-
tentially influencing primary pupils” outcomes. Individual-difference moderator analyses
examining initial anxiety, prior achievement, player-type profiles, or cultural background
could inform personalized tailoring [30,35,66]. Design-based research iterations that sys-
tematically vary narrative depth, team size, reward schedules, or autonomy-supportive
features could help explore design alternatives across cycles and distill transferable design
principles, thereby refining evidence-based gamification frameworks for STEM teacher
education [82]. Future work should also examine practical drivers and barriers shaping the
adoption and implementation of gamification and game-based learning in universities [83].

5. Conclusions

This study indicates that a narrative-driven digital gamification intervention grounded
in the MDA framework and informed by Bartle’s player typology was associated with
substantial improvements in preservice elementary teachers’ science attitudes and teach-
ing self-efficacy. Participants reported enhanced motivation, and qualitative narratives
suggested early professional identity work, alongside intentions to adopt gamification
strategies in their future classrooms. The integration of structural gamification mechanics,
player-type-aligned design, and narrative immersion is interpreted as a coherence-building
layer that can amplify strong disciplinary instruction in this context, rather than substituting
for it. Motivation for narrative and immersion elements showed a moderate, statistically
significant association with future-oriented self-efficacy gains, suggesting that carefully
designed gamified environments may support pedagogically relevant outcomes while
accommodating variability in learner preferences. Given the one-group pretest-posttest de-
sign, these findings support an associational interpretation rather than causal attribution to
gamification. Future research using experimental or quasi-experimental designs, multisite
replication, and longitudinal follow-up will be essential to establish causality and assess
the durability and transfer of these gains.
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Abbreviations

The following abbreviations are used in this manuscript:

BCa Bias-Corrected and Accelerated

CI Confidence Interval

ECTS  European Credit Transfer and Accumulation System
ELM Elaboration Likelihood Model

IOR Interquartile Range

M Mean

MDA  Mechanics, Dynamics, Aesthetics

Mdn Median

RESC  Recreational and Everyday Science in the School
RQ Research Question

STEM  Science, Technology, Engineering, and Mathematics
TPB Theory of Planned Behavior

Appendix A

This appendix presents the results of the thematic analysis of students’ open-
ended responses.

Table Al. Thematic summary (participant-level prevalence).

Theme
(Frequency)

Codes Representative Quotes

Motivational uplift and
increased enjoyment
(93.3%)

“By far, this is the course that has motivated me the most
in my degree; gamification kept me connected and
motivated in physics and chemistry.” “Honestly, I really

most motivating course,
favorite, fun/engaging,
sustained interest

Pedagogical approach and
teacher impact
(53.3%)

liked it.”
hands-on " . .. .
. I would highlight the lab practices in everyday physics
labs /experiments, . .
and chemistry; they are very useful and attractive for our
everyday phenomena, clear / o )
. future pupils and for ourselves.” “The course is well
explanations, . .
focused and structured; it never became boring because
well-structured /non- . ”
every class was different.
monotonous
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Table Al. Cont.

Theme
(Frequency)

Codes

Representative Quotes

Positive change in attitude
towards science
(46.7%)

changed perception/new
vision, from
dislike/indifference to
interest, sharing learning,
lost fear of science

“I was one of those who, at the beginning, did not like
Physics and Chemistry, but now I can recognize it was
because I had never been taught in such a dynamic,
motivating and interesting way.” “My perception of
physics and chemistry has drastically changed; during
the course I couldn’t stop telling those around me
everything I was learning and why many things happen.”

Future-oriented transfer to
teaching
(40.0%)

intent to adopt
gamification, toolbox of
ideas, usefulness for future

pupils

“Everything I have learned I am sure I will take to my
classroom when I become a teacher!” “Thanks to the
experiments and activities we did, I now have a toolbox
full of ideas to use with my future students.”

Everyday relevance:

see science everywhere,

“Today I see physics and chemistry everywhere I go;

I

recreational/everyday
science, real-world
connection

science is recreational and everyday.” “. . .everyday
physics and chemistry. .. very useful and attractive for
our future pupils.”

science in daily life
(20.0%)

Personal growth and

greater confidence to teach,
lost fear of science

“Now I feel more capable and confident to teach science

self-efficacy. in primary school.” “I have lost my fear of science.”

(6.7%)
Note: Frequencies represent the number of unique students endorsing each theme at least once (participant-level;
N = 15). Percentages are % of 15 and do not sum to 100% because students often endorsed multiple themes.
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