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Gamification, the use of game design elements such as points, badges, and competition in classroom
instruction, is widely promoted as a strategy to raise student motivation and, by extension, learning
outcomes, yet empirical evidence for its downstream effect on measured achievement remains mixed. This
study examined the relationship between classroom gamification and scientific literacy among senior high
school students across eight schools in Palu, Central Sulawesi, Indonesia, using a durian-waste, green-
chemistry context as the literacy assessment theme. A gamification questionnaire and a three-tier
diagnostic scientific literacy test were administered to the same students, and four complementary
analytical strategies, exploratory factor analysis, cluster analysis, correlation and network analysis, and
structural equation modeling, were applied to examine whether gamification experience predicts scientific
literacy achievement and misconception profile, and whether this relationship depends on the school a
student attends. The gamification instrument proved to be empirically closer to a single general
engagement construct than to the four-dimension structure assumed at the outset, and one of the four
hypothesized subscales did not meet conventional reliability standards. Across all four analytical
strategies, gamification experience showed no reliable association with scientific literacy achievement,
whether examined through total score, engagement-based student groupings, item-level network
structure, or a latent structural model; a school-level moderation test likewise found no evidence that this
null relationship differed across schools. Gamification exposure, engagement, and enjoyment, as reported
by students, were therefore not, by themselves, sufficient predictors of scientific literacy achievement in
this setting, and any relationship that does exist more plausibly operates through how consistently
gamified instruction is implemented in the classroom than through student-reported experience alone.
Implications for context-based, green-chemistry science instruction, and for the measurement of both
classroom gamification and scientific literacy in similar settings, are discussed.
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1. Introduction

Classroom gamification, defined as the use of game design elements such as points, badges, levels,
and competition in a non-game instructional setting (Deterding et al., 2011), has become one of the
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most widely adopted pedagogical strategies of the last decade (Kapp, 2012; Seaborn & Fels, 2015).
Systematic reviews report that gamified instruction reliably increases short-term engagement and
self-reported motivation across educational levels (Ratinho & Martins, 2023), and gamification-
specific reviews in science education report similar patterns of increased interest and participation
(Kalogiannakis et al., 2021). Individual intervention studies extend this pattern into laboratory and
applied science settings: gamifying physics laboratory sessions has been shown to raise both
motivation and skill acquisition relative to non-gamified sessions (Okariz et al., 2023), and a
gamified platform designed for scientific writing produced measurable gains in writing
performance among engineering students under a quasi-experimental design (Nunez-Pacheco et
al., 2023).

The theoretical rationale for expecting gamification to improve learning outcomes, not merely
engagement, rests substantially on self-determination theory [SDT]. SDT holds that intrinsically
motivated learning follows from the satisfaction of three psychological needs: autonomy,
competence, and relatedness (Deci & Ryan, 1985; Ryan & Deci, 2000). Game elements are assumed
to support these needs by offering choice, immediate feedback on competence, and social
comparison. However, SDT itself contains a caution that is frequently omitted from gamification
advocacy: externally imposed rewards and controlling feedback structures, precisely the kind that
points and leaderboards can create, may undermine rather than support intrinsic motivation (Deci
et al., 1999). This tension implies that gamification's effect on deep, transferable learning outcomes
such as scientific literacy is not guaranteed even when its effect on surface engagement is well
documented, and reviews of the gamification literature increasingly call this distinction the field's
central unresolved question (Dichev & Dicheva, 2017).

Scientific literacy, the outcome variable of interest in the present study, is defined by the OECD
Programme for International Student Assessment [PISA] as the capacity to engage with science-
related issues and with the ideas of science as a reflective citizen, encompassing the ability to
explain phenomena scientifically, evaluate scientific inquiry, and interpret data and evidence
(OECD, 2006). Indonesian students have consistently been assessed within this framework, and
PISA science assessment design has continued to evolve toward broader, context-embedded item
formats (OECD, 2023). Reflecting this trajectory, a recent bibliometric analysis of the science-
education literature identified scientific literacy, alongside sustainability and socioscientific issues,
as one of the field's most active current research fronts, reinforcing the rationale for studying it in a
locally grounded, real-world context such as the one adopted here (Arifin et al., 2025). A common
strategy for building scientific literacy at the classroom level is context-based learning, in which
abstract chemistry content is anchored to a locally meaningful real-world problem so that students
can connect classroom knowledge to lived experience (Aikenhead, 2006). Central Sulawesi is a
major durian-producing region, and durian peel and seed waste, an abundant local agricultural
byproduct, has documented value as a raw material for activated carbon and biochar used in
water treatment (Do et al., 2025). This combination of local relevance and genuine green-chemistry
application motivated the choice of a durian-waste context for the scientific literacy instrument
used in this study.

A second measurement concern in this study is the diagnosis of student misconceptions, which
is treated in the science education literature as distinct from simple incorrect answers. A student
who guesses incorrectly because of missing knowledge is not equivalent, pedagogically, to a
student who confidently and consistently applies an incorrect mental model. The three-tier
diagnostic test, which layers a content question, a reasoning-tier question, and a certainty-of-
response rating, was designed specifically to separate lack of knowledge from genuine
misconception (Hasan et al., 1999; Treagust, 1988). The approach has been validated across a range
of chemistry topics, including acid-base chemistry (Caleon & Subramaniam, 2010), chemical
equilibrium (Bilgin et al., 2003), states of matter (Kirbulut & Geban, 2014), titration phenomena
(Sheppard, 2006), and chemical bonding (Chandrasegaran et al., 2007; Vrabec & Proksa, 2016), and
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remains one of the most widely used instruments for capturing the depth, rather than merely the
presence, of student misunderstanding (Taber, 2002).

Despite the breadth of research on gamification and on scientific literacy separately, few studies
have examined whether the well-documented motivational effect of gamification actually
propagates into measured scientific literacy achievement and misconception profiles when both
variables are collected from the same students in a single classroom setting, rather than compared
across a treatment and a control group. The present study addresses this gap directly. Using
survey and diagnostic-test data collected from 343 senior high school students across eight schools
in Palu, Central Sulawesi, this study asks: (1) what is the empirical factor structure and typology of
student-reported gamification experience in this sample; (2) does gamification experience, at the
individual or the dimensional level, predict scientific literacy achievement and misconception
profile; and (3) does the strength of this relationship depend on the school in which a student is
enrolled. Four complementary analytical strategies, exploratory factor analysis, cluster analysis,
correlation and network analysis, and structural equation modeling (SEM), are applied to the same
dataset so that any relationship, or its absence, can be corroborated across methods rather than
resting on a single statistical test.

2. Literature Review and Hypotheses

The dominant empirical pattern in the gamification literature is a reliable short-term increase in
engagement and motivation that is not matched by an equally reliable increase in measured
achievement (Ratinho & Martins, 2023). Several explanations for this pattern have been proposed.
First, gamification effects appear to depend heavily on implementation fidelity: game elements
introduced inconsistently or only occasionally, as opposed to being embedded systematically into
the instructional sequence, are less likely to translate motivational gains into learning gains
(Kalogiannakis et al., 2021). This planning-dependence is not unique to K-12 science settings: a case
study of a redesigned higher-education course found that gamification's classroom benefits
depended on a deliberate, game-thinking approach to instructional design rather than the addition
of game elements alone, and warned that a narrow, ad hoc view of gamification both limits its
potential and risks counterproductive outcomes (Hellberg, 2023). A parallel argument has been
made for inquiry-based learning models more broadly: a systematic review found that the learning
benefit of an instructional model depends heavily on how faithfully its component phases are
implemented, not merely on which model is nominally adopted (Fadillah et al., 2025). Second, the
psychometric assumption that a gamification questionnaire measures several distinct sub-
constructs, commonly utilization, engagement, motivation, and experience, is rarely tested
empirically before being used to build composite scores, even though violations of this assumption
directly weaken any subsequent structural or correlational analysis (Fabrigar et al., 1999). Third,
most published studies that report a positive gamification effect on achievement use a quasi-
experimental design with a non-gamified control group (Okariz et al., 2023; Nunez-Pacheco et al.,
2023), which isolates the effect of introducing gamification; a purely correlational design
conducted after the fact, in a setting where gamification exposure already varies naturally and
inconsistently across teachers and classrooms, is a substantially weaker test of the same claim.

The measurement of scientific literacy through a three-tier diagnostic test embedded in a
context-based, green-chemistry scenario draws on two further literatures. Context-based chemistry
instruction is intended to increase both interest and conceptual understanding by grounding
abstract content in a scenario the student can recognize from daily life (Aikenhead, 2006), and
durian-waste valorization, as an emerging line of applied green chemistry research (Do et al.,
2025), offers a scenario with clear local relevance for students in Central Sulawesi. The three-tier
format itself is intended to separate three distinct student states on any given item, namely correct
understanding, partial or weak misconception, and strong, confidently held misconception, rather
than treating all incorrect answers as equivalent (Hasan et al., 1999). This distinction matters for
the present study because gamification, even where it raises engagement, plausibly affects surface-
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level participation (attempting more items, discussing answers more actively) without necessarily
correcting the deeper conceptual structures that a three-tier instrument is designed to detect.

Based on this literature and consistent with the SDT-derived tension noted above, four
hypotheses were formulated for empirical testing rather than assumed as findings:

H1: Student-reported gamification engagement is positively associated with scientific literacy
achievement score.

H2: Student-reported gamification engagement is associated with a more favorable
misconception profile (a higher proportion of no-misconception responses).

H3: Student-reported gamification engagement is associated with a higher scientific literacy
ability category.

H4: The strength of the gamification-literacy relationship is moderated by school (i.e., varies
across schools, plausibly reflecting differences in implementation fidelity).

The hypothesized model, including the second-order gamification construct assembled from
four first-order dimensions, is presented in Figure 1. As reported in Section 4.5, the second-order
structure shown in Figure 1 was not estimated in the final SEM: the exploratory factor analysis in
Section 4.2 did not support treating the four dimensions as indicators of a single higher-order
factor, so the four first-order factors were instead specified as direct, correlated predictors of the
literacy score, without a second-order gamification factor above them. Figure 1 is retained as
originally hypothesized, consistent with H1-H4 as stated, and the deviation between the
hypothesized second-order model and the estimated first-order model is reported explicitly here
rather than silently, in the interest of transparent reporting of a specification decision made after
seeing the data.

Figure 1
Hypothesized research model

Hypothesized Research Model

Utilization

School Context
(Moderator;

\ Scientific Literacy
Engagement Achievement

GAMIFICATION
(Second-order)

Motivation Misconception
Profile

Experience
Ability
Category

H1: Gamification predicts Scientific literacy achievement | H2: Gamification predicts Misconception profile
H3: Gamification predicts Ability category | H4: School context moderates the relationship between Gamification and Scientific Literacy Achievement

Note. The model links the four dimensions of gamification—utilization, engagement, motivation, and experience —to
scientific literacy outcomes through a second-order gamification construct. H1 = gamification — scientific literacy
achievement; H2 = gamification — misconception profile; H3 = gamification — ability category; H4 = school context
moderates the relationship between gamification and scientific literacy achievement. The second-order gamification
construct represented here was specified a priori; however, this structure was not retained in the estimated model (see
Section 4.2).
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3. Method
3.1. Research Design

This study used a non-experimental, cross-sectional, correlational (ex post facto) design. Data on
gamification experience and on scientific literacy were collected from the same students at a single
point in time for each student (schools were visited in sequence; Section 3.4), with no manipulation
of instruction and no control group. This design permits tests of association and, through
structural equation modeling, tests of a hypothesized directional path, but it does not permit
causal inference. This limitation is stated explicitly here because it directly constrains how the
results in Section 4 may be interpreted.

3.2. Participants

Participants were 343 senior high school students (matched across the two instruments from an
initial pool of 344) drawn from eight public and private senior high schools in Palu, Central
Sulawesi, Indonesia. Table 1 shows the distribution of the matched sample across schools.

Table 1
Distribution of the matched sample and fieldwork period by school

School 7 of Fieldwork period Assignment letter no. (date)

sample (2026)
Madani Integrated Model Public 67 19.5 8-12 June 444 (5 June)
Senior High School, Palu
Public Senior High School 1, Palu 64 18.7 6-10 July 665 (2 July)
Public Senior High School 4, Palu 53 15.5 20-24 July 835 (15 July)
Public Senior High School 5, Palu 40 11.7 27-31 July 976 (27 July)
Public Senior High School 2, Palu 36 10.5 10-15 August 1185 (7 August)
Public Senior High School 3, Palu 29 8.5 13-17 July 773 (10 July)
Karuna Dipa Senior High School, 30 8.7 2-5 June 380 (26 May)
Palu
Public Senior High School 9, Palu 24 7.0 3-7 August 1051 (30 July)
Total 343 100.0 2 June-15 August 8 letters

Note. Sample sizes reflect students with complete, matched records on both the gamification questionnaire and the
scientific literacy test. Fieldwork periods are the assignment windows issued for each school; they also covered
coordination and other project activities. Letter numbers are followed by /DST/UN28.16/KP.10.00/2026; dates are the
2026 issue dates of the letters.

Data collection followed the schools' standard research-participation procedures, and
identifying information was removed prior to analysis. The fieldwork was conducted under
official assignment letters issued by the university research institute for each school (see Table 1).
Written parental/guardian informed consent was obtained for all participating students prior to
data collection, and student assent was additionally obtained at the point of survey and test
administration. The assignment letters and any consent documentation are available from the
corresponding author upon request.

3.3. Instruments
3.3.1. Gamification questionnaire

Gamification experience was measured with a 17-item questionnaire on a four-point Likert scale (1
= strongly disagree to 4 = strongly agree). The items were grouped a priori into four dimensions:
Utilization (3 items), Engagement (5 items), Motivation (4 items), and Experience (5 items). The
instrument was developed through a combination of literature-based adaptation and
contextualization for Indonesian senior high school chemistry classrooms. The 17 items and the
four a priori dimensions (Utilization, Engagement, Motivation, and Experience) were adapted
primarily from three sources: (1) the gamification engagement framework proposed by Hamari et
al. (2014) and further refined in educational settings by Sailer et al. (2017), which informed the
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Engagement and Experience dimensions; (2) the Motivational Affordances of Gamification scale
and related constructs drawn from Self-Determination Theory (Deci & Ryan, 1985; Ryan & Deci,
2000) as operationalized in classroom gamification studies (e.g., Kalogiannakis et al., 2021; Ratinho
& Martins, 2023), which guided the Motivation dimension; and (3) selected items from Indonesian-
adapted classroom engagement and instructional-method questionnaires used in previous science-
education studies in Sulawesi (with language and context adjustments for chemistry learning). The
Utilization dimension (3 items) was constructed to capture the frequency and presence of game-
element use by teachers, reflecting the implementation-fidelity concern highlighted in systematic
reviews (Kalogiannakis et al., 2021).

All items were written in Bahasa Indonesia, reviewed for clarity and cultural appropriateness,
and then subjected to expert judgment (three validators: one chemistry education specialist, one
green-chemistry content expert, and one educational measurement specialist) using Aiken’s V.
Content validity coefficients ranged from 0.89 to 1.00 (all items rated Valid to Very Valid; see
Section 3.3.3 and Table 2 for the item-level values). A pilot test with 32 senior high school students
outside the main sample confirmed item clarity, acceptable item statistics (difficulty and
discrimination indices within recommended ranges), and internal consistency (Cronbach’s a = .81
for the literacy instrument and a = .87 for the full gamification scale in the pilot sample). Minor
wording revisions were made after the pilot before the main administration. The questionnaire
went through the same expert judgment as the literacy test (Section 3.3.3) and was pilot tested with
it (Section 3.3.4).

3.3.2. Scientific literacy test

Scientific literacy was measured with a ten-item three-tier diagnostic test embedded in a durian-
waste, green-chemistry reading passage. Each item combined a content-tier question, a reasoning-
tier question, and a certainty-of-response rating, following the logic of Hasan et al. (1999), and
student responses were coded into one of four categories per item: no misconception (correct
answer, correct reasoning, high certainty), partial misconception, strong misconception, or no
conception (Caleon & Subramaniam, 2010; Taber, 2002). A total literacy score (0-40, converted to a
percentage) and an overall ability category (Very Low to Very High, based on the mean and
standard deviation of the sample) were also derived.

The literacy test was built around a single durian-waste reading passage covering the
composition of durian peel and seed, the environmental cost of untreated disposal, and
documented green-chemistry valorization pathways (activated carbon and biochar production,
natural dye and indicator extraction, gluten-free flour, and bioplastic/biofoam applications), with
each of the ten items mapped in a test blueprint (kisi-kisi) to a specific instructional objective and
scientific-literacy competency (explaining phenomena scientifically, interpreting data and
evidence, or evaluating scientific inquiry, following the PISA framework cited above) and an
explicit answer key for each of the three tiers. Each item was also assigned to one of four literacy
levels (nominal, conceptual, functional, or multidimensional; Table 2).

3.3.3. Content validation by expert judgment

Content validity of both instruments was established through expert judgment before the pilot
test. Three validators formed the panel: a chemistry education lecturer specializing in assessment,
with at least ten years of experience developing three-tier and scientific literacy instruments
(Expert 1); a lecturer in chemistry and green chemistry whose work centers on biomass waste
utilization (Expert 2); and an educational evaluation and measurement specialist experienced in
validating Likert-type and diagnostic instruments (Expert 3). Each expert rated every item of the
literacy test on a four-point scale (1 = not relevant or unclear, 2 = less relevant or less clear, 3 =
relevant or clear, 4 = very relevant or very clear). The ratings considered five aspects: alignment
with the learning objectives and test blueprint, accuracy of the scientific concepts, clarity of
language and wording, suitability of the three-tier format (answer, reasoning, and confidence
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rating), and relevance of the green chemistry and durian context. The 17 gamification items were
rated on relevance, language clarity, and fit with the four constructs.

Agreement was quantified with Aiken's V (Aiken, 1985): V = 2s / [n(c — 1)], wheres =1 — Iy, r is
an expert's rating, lo is the lowest possible rating (1), n is the number of experts (3), and c is the
number of rating categories (4). With three experts and four categories, V can take only the values
1.00, .89, .78, and so on in steps of .11, so a single rating below 4 moves an item below 1.00. Items
were classed as very valid when V > .92, valid when .75 £V < .92, and in need of revision when V
<.75. In this design the very-valid category therefore requires unanimous top ratings.

Table 2 lists the ratings and V values for the ten literacy items.

Table 2
Expert judgment of the ten literacy items (Aiken's V, three experts)
ltem Literacy level Content focus 5;55; V. Category Follow-up
1 Nominal Electron configuration and the 4,4,4 1.00 Very Approved
periodic table valid
2 Nominal 4,44 100 Very Approved

Green chemistry (definition) valid

4,4,3 .89 Valid  Minor rewording
of reasoning tier

3 Conceptual Electron configuration of Ca

4  Conceptual Green chemistry principle: 4,4,4 1.00 Very  Approved
renewable feedstocks valid
5 Multidimensional CO, emissions and green 4,44 100 Very Approved
chemistry valid
6  Conceptual Waste prevention principle 4,4,4 1.00 ‘\,/:IZ Approved
7  Functional Position of Mg in the periodic 4,4,3 .89 Valid  Minor rewordlng
of reasoning
table )
options
8  Multidimensional Group and period of elements 4,4,4 1.00 \\Ifaell;éf Approved
9  Conceptual Environmentally benign 4,44 1.00 Very Approved
solvents valid
10 Multidimensional SDGs and circular economy 4,4,4 1.00 ‘\,]aelz Approved

Note. Ratings are listed for experts 1, 2, and 3. V = Zs / [n(c — 1)] with n = 3 and ¢ = 4. Very valid: V 2 .92; valid:
75 <V <.92; revise: V < .75.

Aiken's V ranged from .89 to 1.00 (mean = .98). Eight items received the top rating from all three
experts (V = 1.00, very valid). Items 3 and 7 each received one rating of 3 (V = .89), which places
them in the valid category, and the experts asked for minor rewording of the reasoning tier (item
3) and of the reasoning options (item 7). These edits were made, and no item was dropped. All 17
gamification items reached the very-valid criterion (V = .92) on relevance, language clarity, and fit
with the four constructs, and none was removed. Content validity therefore supports using both
instruments in the pilot. As Section 5.2 discusses, it does not show whether the gamification items
separate into the four intended dimensions.

3.3.4. Pilot testing

Both instruments were then pilot tested to check language and instructions, item statistics, internal
consistency, and administration time before the main data collection. The pilot involved 32
students in grades X and XI from Public Senior High School 1, Palu and Madani Integrated Model
Public Senior High School, Palu, two weeks before the main data collection. All 32 students
completed both instruments. These students were from the same grade levels (Grades X and XI) as
the main sample but were deliberately selected from different classes that did not participate in the
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main data collection. Students who took part in the pilot were therefore excluded from the final
matched sample of 343 students reported in Table 1. The pilot was administered two weeks prior
to the main data collection (approximately mid-may, 2026).

For each literacy item, the difficulty index (P) and the discrimination index (D) were computed.
Difficulty was classed as medium at .30 < P <.70 and easy at .71 < P < .85. Discrimination was
classed as good at D > .40 and very good at D >.50. Table 3 reports the results.

Table 3
Pilot item statistics for the ten literacy items (N = 32)
Item P Difficulty category D Discrimination category
1 72 Easy 48 Good
2 .66 Medium .52 Very good
3 .59 Medium 41 Good
4 78 Easy 45 Good
5 .53 Medium .56 Very good
6 .69 Medium .50 Very good
7 .63 Medium 47 Good
8 .56 Medium .53 Very good
9 .75 Easy 44 Good
10 .61 Medium 49 Good
Mean (range) .65 (.53-.78) 49 (.41-.56)

Note. P = difficulty index; D = discrimination index. Difficulty: medium = .30-.70, easy = .71-.85. Discrimination: good >
40, very good 2 .50.

Difficulty ranged from .53 to .78 (M = .65). Seven items were medium and three (items 1, 4, and
9) were easy. Discrimination ranged from .41 to .56 (M = .49): items 2, 5, 6, and 8 were very good
and the other six were good. All ten items met the criteria, so none was dropped or substantially
revised.

Cronbach's alpha was .81 for the ten-item literacy score (0-40) and .87 for the 17-item
gamification questionnaire. Both exceed the conventional .70 threshold (Nunnally & Bernstein,
1994) and fall in the high range (= .80) by the criterion used here. Pilot reliability is reported for the
full scales only, not for the four gamification dimensions.

The practical results were favorable. Thirty of the 32 students (94%) found the instructions easy
to understand, students understood the answer, reasoning, and confidence sequence of the three-
tier format, and no ambiguous answer options were found. The pilot also indicated that the local
durian context helped students understand the passage. Completion took a mean of 47 minutes
(range 38 to 55), and a 50-minute session was set for the main administration. No change was
made after the pilot, and both instruments were judged ready for the main data collection (N =
343).

3.4. Data Collection Procedure

Data were collected school by school between 2 June and 15 August 2026. Table 1 gives the
tieldwork period at each school. The periods ran four to six calendar days, and no two schools
were visited at the same time. The university research institute issued an assignment letter naming
the research team and the school no later than the first day of each period (Table 1). The letters
assigned the team to the schools; the ethics and consent position is stated in Section 3.2. Within
each period, the team coordinated with school staff, explained the study, and administered the
gamification questionnaire and the scientific literacy test to students. The same two instruments
were used at every school. Of the 343 students, 115 were in grade X and 228 in grade XI. Grade
was uniform within five schools (all grade X at Madani Integrated Model Public Senior High
School; all grade XI at Public Senior High Schools 1, 2, 3, and 5) and mixed at Karuna Dipa Senior
High School, Public Senior High School 4, and Public Senior High School 9.
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The assignment letters also covered classroom observation, interviews, teacher questionnaires,
and an instrument on green chemistry understanding, which belong to the wider project. The
present study analyzes only the student gamification questionnaire and the scientific literacy test.

3.5. Analytical Strategy

Note that H1-H3 are each operationalized more than once across the analyses below: H1 is tested
with the continuous total gamification score (correlation, network) and, indirectly, with cluster
membership as a coarsened version of the same score; H2 and H3 use cluster membership only;
and the SEM in Section 4.5 represents the gamification construct a third way, as four latent factors
rather than a single score. These are treated here as complementary operationalizations of the same
underlying construct, chosen to check whether the null pattern found with one representation
(e.g., the continuous score) also holds under a categorical representation (cluster) and a latent-
variable representation (SEM), rather than as independent tests of distinct constructs; this is stated
explicitly here so the analytic strategy is not read as treating total score, cluster membership, and
the four latent factors as interchangeable measures of separate things. Prior to hypothesis testing,
internal consistency of the gamification questionnaire was assessed with Cronbach's alpha, both
for the full scale and for each of the four a priori dimensions. Sampling adequacy for factor
analysis was assessed with the Kaiser-Meyer-Olkin [KMO)] statistic and Bartlett's test of sphericity,
and the number of underlying factors was determined jointly by the Kaiser criterion (eigenvalue
greater than 1; Kaiser, 1974) and visual inspection of the scree plot, following current best-practice
recommendations for exploratory factor analysis (Costello & Osborne, 2005; Fabrigar et al., 1999).
A varimax-rotated three-factor solution was then extracted for interpretation.

Student typologies were derived using K-means cluster analysis on the standardized 17-item
response matrix, with the number of clusters selected using the average silhouette width criterion
(Rousseeuw, 1987), consistent with standard cluster-validation practice (Everitt et al., 2011). H1
was tested with Pearson and Spearman correlations between total gamification score and literacy
percentage score, supplemented by a network analysis of item-level Spearman correlations
(thresholded at |r| >= .30) to visualize the connectivity, or lack of connectivity, between the
gamification item set and the literacy outcome (Epskamp et al., 2018), following the general logic
that psychological constructs can be represented as networks of mutually reinforcing observed
variables rather than only as reflective latent factors (Borsboom, 2017). H2 was tested with a chi-
square test of independence between cluster membership and misconception profile category, and
H3 was tested with a chi-square test between cluster membership and ability category, with effect
size reported as Cramer's V (Cohen, 1988); the assumption of expected cell counts of at least five
was checked in every case. H4 was tested using ordinary least squares regression with a School x
Gamification-score interaction term. Finally, a structural equation model was specified with four
first-order latent gamification factors (Utilization, Engagement, Motivation, Experience) predicting
the observed literacy percentage score, estimated using maximum likelihood in the semopy
package for Python, with model fit evaluated against the combined-index guidelines of Hu and
Bentler (1999) and standard SEM practice (Anderson & Gerbing, 1988; Byrne, 2010; Kline, 2016).
All analyses were conducted in Python 3.12 using pandas, scikit-learn, factor_analyzer, semopy,
and networkx, with descriptive procedures cross-checked against standard treatments in Field
(2013), Hair et al. (2010), and Tabachnick et al. (2019).

The structural model was also estimated with partial least squares SEM [PLS-SEM] as a
composite-based check on the covariance-based result (Hair et al., 2022). The algorithm used the
path weighting scheme with mode A (reflective) outer weights on standardized indicators and a
convergence tolerance of 10-7. Two specifications were fitted. Model M1 repeated the four first-
order gamification constructs of Section 4.5. Model M2 used one gamification construct built from
all 17 items, following the dominant factor in Section 4.2. In both, scientific literacy was a reflective
construct with ten indicators, the item-level conception scores (0 = no conception, 1 = strong
misconception, 2 = partial misconception, 3 = no misconception). Scores that also separate
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confidence levels (3 versus 4 for correct answers) cannot be recovered from the categorized item
data, so they were not used. The 47 incomplete-data item responses (1.4% of 3,430) were replaced
by the indicator mean.

Measurement quality was judged by outer loadings, Cronbach's alpha, rhoA (Dijkstra &
Henseler, 2015), composite reliability, and average variance extracted (AVE), and discriminant
validity by the Fornell-Larcker criterion (Fornell & Larcker, 1981) and the heterotrait-monotrait
ratio (HTMT; Henseler et al., 2015). Structural results were tested with 5,000 bootstrap resamples
(percentile 95% confidence intervals and two-tailed t-tests with n — 1 degrees of freedom) and
reported with R?, f2, and inner variance inflation factors. Because composites built with mode A
weights are fitted toward their outcome, a permutation test (5,000 shuffles of the literacy block)
supplied the distribution of R2 and path coefficients expected without any association. Predictive
relevance was assessed with PLSpredict (Shmueli et al., 2019; ten folds, ten repetitions) against a
linear-model benchmark and the training-sample mean. Four robustness analyses used the total
literacy score as a single indicator (S1), incomplete responses coded 0 (S2), indicators centered
within school (S3), and within-school centering with a grade indicator (S54). The routine was
written in Python by the authors and not run in SmartPLS. It was checked against the fixed-point
condition of the algorithm and against simulated data with known parameters.

4. Results
4.1. Reliability and Descriptive Statistics

The full 17-item gamification scale showed excellent internal consistency (Cronbach's alpha = .91),
close to the pilot estimate of .87 (Section 3.3.4). At the dimension level, reliability was uneven:
Engagement (alpha = .76), Motivation (alpha = .75), and Experience (alpha = .79) reached
acceptable levels, and Utilization fell well below the conventional .70 threshold (alpha = .44),
indicating that this three-item subscale should not be treated as a reliable stand-alone measure in
its current form (Nunnally & Bernstein, 1994). Table 4 summarizes these results together with the
overall descriptive statistics for the literacy outcome.

Table 4

Reliability and descriptive statistics for the gamification dimensions and the literacy score

Dimension Items Cronbach's alpha M SD
Utilization 3 44 2.62 0.56
Engagement 5 .76 2.76 0.55
Motivation 4 75 2.93 0.61
Experience 5 79 2.82 0.56
Full gamification scale 17 91 2.79 0.50
Scientific literacy score (%) 10 items - 48.9 19.6

On the literacy outcome, 4.1% of students fell in the Very Low ability category, 32.4% Low,
31.2% Medium, and the remainder Medium-High to Very High. On the misconception profile,
41.7% of students showed no misconception across the ten items, 31.5% showed a partial/weak
misconception profile, and 12.8% showed a strong-misconception-dominant profile, with the
remainder classified as no-conception or incomplete-data profiles.

4.2. Factor Structure of the Gamification Instrument (RQ: Structure)

Sampling adequacy was excellent (KMO = .922) and Bartlett's test of sphericity was significant,
x% = 2547.62, p < .001, confirming that the correlation matrix was suitable for factor analysis
(Fabrigar et al., 1999). Three factors exceeded the Kaiser eigenvalue-greater-than-1 criterion, based
on the raw (principal-component) correlation matrix (eigenvalues = 7.09, 1.50, 1.19), jointly
accounting for 57.5% of total item variance on that basis. When the same three factors were instead
extracted as common factors (principal-axis factoring on the reduced, communality-based
correlation matrix), they accounted for 48.5% of common variance; the two figures are not directly
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comparable because they are computed from different matrices, and both are reported here so that
the eigenvalue-based factor count and the variance-explained figure are not read as coming from
the same basis. On either basis, the scree plot (see Figure 2) showed a single dominant factor
followed by a sharp elbow, which is more consistent with an empirically unidimensional "general
gamification engagement" construct than with the four-dimension structure assumed when the
instrument was constructed.

Figure 2
Scree plot of eigenvalues extracted from the 17-item gamification questionnaire
Scree Plot: Gamification Questionnaire (17 items)
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The varimax-rotated three-factor loading matrix (see Figure 3) showed substantial cross-loading
on several items (for example, items reflecting engagement and enjoyment loaded appreciably on
more than one factor), which further supports the interpretation that the a priori four-dimension
model is not strongly recovered in this sample and should be treated as a working, rather than
confirmed, structure in subsequent analysis.

Figure 3
Varimax-rotated three-factor loading matrix for the 17 gamification items
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4.3. Student Typology (Cluster Analysis)

K-means clustering achieved its highest average silhouette width at k = 2 (silhouette = .223).
Following the benchmarks commonly used to interpret this statistic (Rousseeuw, 1987), a value in
this range falls below the threshold usually taken to indicate a real, well-separated structure
(conventionally around .25-50 for a "weak, potentially artificial" structure and above .50 for a
"reasonable" one); the two-cluster solution is therefore better described as a weakly separated
grouping than as clearly distinct profiles, and the H2/H3 tests that follow, which depend on this
cluster assignment, should accordingly be treated as exploratory rather than confirmatory. The
two clusters corresponded to a lower-engagement profile (1 = 160, mean total gamification score =
40.3) and a higher-engagement profile (n = 183, mean total gamification score = 53.7). As shown in
Figure 4, the two clusters were clearly separated on the gamification items themselves but nearly
overlapping on the literacy outcome (M = 47.9% versus 49.7%), a difference that was not
statistically significant, F(1, 341) = 0.68, p = .410.

Figure 4

Two-cluster K-means segmentation of students by gamification response profile (left) and comparison of
mean scientific literacy score between clusters (right).

Student Segmentation (K-Means, k=2)

Scientific Literacy Score by Cluster
based on Gamification Response Profile
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4.4. Correlation, Network Analysis, and Hypothesis Tests (H1-H3)

Total gamification score and literacy percentage score were essentially uncorrelated under
Pearson's r (r = .084, p = .121) and only marginally correlated under Spearman's rho (rho = .106, p =
.050), providing no support for H1 as a linear or even a robust monotonic relationship. The
network analysis in Figure 5 illustrates this pattern directly: at a threshold of |r| >= .30, all 17
gamification items form a single densely interconnected cluster, while the literacy score node
remains completely isolated, sharing no edge above threshold with any gamification item. Item-
level correlations with literacy score ranged from r = .214 (having previously used gamified media)
down to slightly negative values (r = —.097 for teacher use of gamification), none reaching a
magnitude conventionally considered more than a small effect (Cohen, 1988).

For H2, a chi-square test of independence between the two gamification clusters and the four-
category misconception profile was not significant, y?(3) = 0.55, p = .909, indicating no association
between gamification engagement level and the type of misconception a student was likely to
hold. For H3, the association between cluster membership and the five-category ability level was
statistically significant, y2(4) = 20.87, p < .001, Cramer's V = .25, but the effect size falls in the small-
to-moderate range and the underlying group means, as already reported, did not differ; the
higher-engagement cluster showed a somewhat different distribution across ability categories
(proportionally fewer students in the lowest category, more in the middle categories) without a



D. S. Ahmar et al. / Journal of Pedagogical Research, 10(4), 133-156 145

shift in the overall average. H3 therefore receives only partial, distributional rather than mean-
level, support.

Figure 5
Correlation network (Spearman |r| >= .30) among the 17 gamification items and the scientific literacy
score. The literacy-score node (right) is fully disconnected from the gamification item network

Correlation Network (Spearman |r| = 0.3) among Gamification
Items and Scientific Literacy Score

Red node = Literacy score | green edges = positive correlation | dashed orange = negative
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4.5. Structural Equation Model (H1, Path-Level Test)

A structural model specifying four first-order gamification latent factors (Utilization, Engagement,
Motivation, Experience) predicting the observed literacy percentage score was estimated. Because
the model combines a measurement component (17 indicators loading on four factors) with a
structural component (four factors predicting literacy score), fit is reported for the measurement
model first and the structural model second, following standard two-step SEM practice (Anderson
& Gerbing, 1988). The measurement model alone showed the same fit problem that drives the
overall model fit reported below, consistent with the factor-structure result in Section 4.2: forcing
four correlated but empirically overlapping factors, one of them (Utilization) reliability-deficient
(alpha = .44), into a confirmatory measurement structure produces strain that surfaces as degraded
fit. Full-model fit was poor by conventional standards (Hu & Bentler, 1999): comparative fit index
(CFI) = .824, Tucker-Lewis index (TLI) = .786, root mean square error of approximation (RMSEA) =
101, x2/df = 4.49. Given this fit, the structural path coefficients below should not be interpreted
substantively. None of the four structural paths from gamification factors to literacy score reached
significance in the unstandardized solution (Table 5). The very large standard errors relative to the
unstandardized coefficients (e.g., Utilization: b = 45.53, SE = 62.51) indicate estimation instability
rather than a precisely estimated near-zero effect, which is expected given the poor measurement
model fit and the low reliability of the Utilization factor. The standardized solution, which
removes the arbitrary scaling of the latent factors and is the appropriate metric for comparing path
magnitudes across the four predictors, is added to Table 5 alongside the unstandardized estimates
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and should be read with the same caution given the underlying fit. This pattern is consistent with,
rather than an independent confirmation of, the correlational and network findings above, since all
three analyses are computed from the same covariance structure among the same variables (see
Section 5.1).

Table 5

Structural paths from the four gamification factors to the literacy score

Structural path beta, unstd. (std.) SE z p
Utilization — Literacy score 45.53 (0.08) 62.51 0.73 466
Engagement — Literacy score -4.32 (-0.01) 74.29 -0.06 954
Motivation — Literacy score -18.92 (-0.04) 57.83 -0.33 744
Experience — Literacy score —21.14 (-0.03) 77.91 -0.27 786
Figure 6

Estimated structural model with four gamification latent factors predicting scientific literacy score.
Structural Model: Four Gamification Dimensions -> Scientific Literacy

All paths non-significant (dashed lines)
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Note. All paths are non-significant (dashed lines); model fit indices are reported below the diagram.

4.6. School-Level Moderation (H4)

Because students are nested within eight schools rather than sampled independently, the intraclass
correlation coefficient [ICC] for literacy score across schools was estimated from an unconditional
(null) multilevel model before testing H4: ICC = .25, indicating that roughly a quarter of the
variance in literacy score lies between schools rather than between students within schools. This is
a non-trivial degree of clustering, and it means the ordinary least squares regression reported
below, which treats the 343 observations as independent, understates the standard errors of any
school-related term to some degree; the school main effects and R-squared reported here should
therefore be read as approximate rather than exact. An ordinary least squares regression of literacy
score on school, total gamification score, and their interaction showed a significant overall model,
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F(15, 327) = 7.90, p < .001, R-squared = .27, driven primarily by main effects of school. Critically,
none of the seven School x Gamification-score interaction terms reached significance (all p > .29),
indicating no detectable evidence that the strength of the gamification-literacy relationship differs
across the eight schools in this sample. H4 is therefore not supported, though a multilevel model
with a random gamification-score slope by school, appropriately accounting for the nested
structure, is recommended as a more rigorous confirmatory test in future work using this or a
larger multi-school sample. Taken together, the results across the four analytical strategies applied
here converge on the same substantive conclusion: gamification experience, as reported by
students in this sample, shows no reliable association with scientific literacy achievement, whether
tested at the level of total score, cluster typology, item-level network structure, or latent structural
path, and this null pattern does not depend on which school a student attended. As discussed in
Section 5.1, these four analyses should be read as convergent descriptions of one underlying null
pattern in the same data rather than as fully independent tests.

4.7. PLS-SEM Check of the Structural Result (H1)

The measurement models did not meet the usual PLS-SEM benchmarks (Table 6). In M1, the
Utilization construct was unusable: its outer loadings were .945, .181, and —.213 for items 1, 5, and
8, its composite reliability was .29, and pa was negative. Engagement (AVE = .44), Experience (.46),
and the literacy construct (.31) fell below the .50 benchmark for AVE, and only Motivation (.54)
passed it. In M2, the 17-item gamification construct had high reliability (¢ = .91, CR = .91) but an
AVE of .38: six of 17 loadings reached .70, and items G5 and G8 (the frequency of game-based
lessons and teacher use of games) loaded at .37 and .19. The literacy construct had an AVE of .30 in
M2, with one loading at .70 or above (item 9) and three below .40 (items 1, 2, and 3). The test
samples different topics, from electron configuration to circular economy, so a single reflective
literacy construct fits it poorly. The loadings below are therefore descriptive.

Table 6

Measurement model quality in the PLS-SEM models

Model Construct Items Outer loadings a pa CR AVE
M1  Utilization 3 —.213 to .945 44 -.32 29 32
M1 Engagement 5 .330 to .810 .76 .56 78 44
M1 Motivation 4 476 to .816 75 76 .82 54
M1  Experience 5 .392 to .857 79 .68 .80 46
M1  Scientific literacy 10 229 to .734 74 77 81 31
M2  Gamification 17 185 to .779 91 .89 91 .38
M2  Scientific literacy 10 192 to .749 74 .79 .80 .30

Note. M1 = four first-order gamification constructs; M2 = one gamification construct. CR = composite reliability; AVE =
average variance extracted. Benchmarks: loadings, o, pa, and CR =.70; AVE = .50. The negative pa of Utilization is not a
valid reliability estimate.

Discriminant validity failed among the three engagement-related constructs of M1 (Table 7).
HTMT was 1.01 for Engagement and Motivation, 1.03 for Engagement and Experience, and 1.03
for Motivation and Experience, and Utilization reached 0.88 to 0.93 against the other three. The
square root of AVE was below the inter-construct correlation for all three engagement pairs. Every
HTMT involving the literacy construct stayed at or below 0.33. The four gamification dimensions
are therefore not empirically distinct in this sample, which repeats the conclusion of Section 4.2,
and M2 is the more defensible specification.

In M1, none of the four structural paths was significant by bootstrap (Table 8): Utilization p =
203 (p = .144), Engagement .112 (.302), Motivation —.001 (.993), and Experience —.017 (.889). R2 was
.073, f2 was at most 0.03, and inner VIF stayed below 2.9. Figure 7 shows the estimated model.



D. S. Ahmar et al. / Journal of Pedagogical Research, 10(4), 133-156 148

Table 7

Discriminant validity of the four-construct model (M1)

Utilization Engagement Motivation Experience Literacy

Utilization 57 0.93 0.88 0.89 0.33

Engagement .53 .66 1.01 1.03 0.22

Motivation 46 75 74 1.03 0.21

Experience 41 73 74 .68 0.17

Literacy .26 21 16 15 .55

Note. Diagonal: square root of AVE. Below the diagonal: latent variable correlations (Fornell-Larcker). Above the

diagonal: HTMT (benchmark < .85 to .90).

Table 8

Structural results of the PLS-SEM models (bootstrap, 5,000 resamples)

Model Path p SE t p 95% CI 1 VIF
M1 Utilization — Literacy 203 139 1.46 144 [-.255, .333] .03 1.41
M1 Engagement — Literacy 112 109 1.03 302 [-.120, .315] 00 2389
M1 Motivation — Literacy -.001 109 -0.01 993 [-.187,.230] 00 284
M1  Experience — Literacy -.017 120 -0.14 889 [-.229, .225] 00 263
M2  Gamification — Literacy  .225 095 2.36 019 [.190, .358] 05  1.00

Note. R2 of literacy: M1 = .073 (95% CI.062 to .170); M2 = .050 (95% CI .044 to .132). Intervals are percentile intervals.

Figure 7
PLS-SEM estimates for model M1
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In M2, the path from gamification to literacy was = .225 (SE = .095, p = .019, 95% CI [.190,
.358]), with R2 = .050 and f2 = .05 (Figure 8). This bootstrap p-value overstates the evidence. In the
permutation test, R averaged .030 with no association at all, and 5.7% of shuffles produced a
coefficient as large as the observed one (permutation p = .057). The bootstrap interval also cannot
approach zero, because mode A weights make the composite correlate positively with its outcome
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by construction. An equal-weight composite of the 17 items correlated r = .084 with the literacy
percentage (p = .121; Section 4.4).

Figure 8
PLS-SEM estimates for model M2 (one gamification construct)
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Predictive relevance was negligible. In M2, QZpredict ranged from —.006 to .030 across the ten
literacy indicators (M1: —.013 to .038), so held-out students were predicted no better than by the
training mean. The PLS predictions did beat the 17-predictor linear benchmark on nine of ten
indicators in M2 and all ten in M1, but that benchmark overfits.

The robustness analyses (see Table 9) produced the same weak pooled estimate with a p-value
that depended on the specification. Using the total literacy score as the only indicator gave p = .217
(bootstrap p = .065), and coding incomplete responses as 0 gave f = .224 (p = .036). Centering every
indicator within school reduced the estimate to = .179 (bootstrap p = .167; permutation p = .514),
and R? (.032) fell to the level that shuffled data produce (.034). Adding grade left the gamification
path at 176 (p = .124). H1 therefore receives weak, unstable support in the pooled sample and
none within schools.

~—

Table 9

Robustness of the gamification-literacy association and predictive relevance

Specification B Boot. p Perm. p R? Null R? Q2predict range
M1: four constructs * - .039 .073 .044 —.013 to .038
M2: one construct 225 .019 .057 .050 .030 —.006 to .030
S1: total score as indicator 217 .065 .038 .047 .022 .025 to .025
S2: incomplete responses = 0 224 .036 .051 .050 .030 —.005 to .032
S3: centered within school 179 167 514 .032 .034 -.008 to .017
S4: S3 plus grade 176 124 405 .046 .040 -.011 to .022

Note. p = gamification — literacy path. Boot. p = bootstrap p. Null R2 = mean R? under permutation. Perm. p is the share
of 5,000 shuffles of the literacy block that produced a coefficient (M2, S1-54) or R? (M1) at least as large as the observed
one. S4 also contains a grade indicator; its own path was p = .131 (bootstrap p = .143); *: See Table 8.
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5. Discussion
5.1. Interpreting the Predominantly Null Pattern

The findings generally indicate that students” reported gamification experiences were not robustly
associated with their scientific literacy performance. Although one of the supplementary analyses
suggested a small positive association at the pooled level, this pattern was not sustained when
differences between schools were taken into account. Taken together, the results therefore provide
limited support for the proposition that greater exposure to gamified learning, as experienced and
reported by students, was systematically related to higher scientific literacy in the present context.

This pattern should not be interpreted as evidence that gamification is inherently ineffective.
Rather, it may reflect the conditions under which gamification was implemented in the
participating schools. Kalogiannakis et al. (2021), in their review of gamification in science
education, emphasized that the educational effects of gamification depend substantially on how
game elements are designed and integrated into instruction. From this perspective, simply
encountering gamified features may not be sufficient to produce measurable gains in learning
outcomes. The descriptive findings of the present study suggest that teachers’ use of gamified
methods was not consistent across classrooms, making it plausible that students experienced
different levels, forms, and intensities of gamification. Such variation may weaken the relationship
between students’ perceived gamification experiences and achievement because the instructional
“dose” represented by those experiences is unlikely to be equivalent across classrooms.

This interpretation is also consistent with findings from more structured intervention studies.
Nufiez-Pacheco et al. (2023) found that engineering students who participated in a deliberately
designed gamified intervention achieved higher post-test performance in scientific writing than
those receiving conventional instruction, while Okariz et al. (2023) found positive effects of
gamification on motivation and the acquisition of skills related to the scientific method in a
structured physics laboratory setting. Broader review evidence points in the same direction. In a
systematic review of 39 studies, Sokmen et al. (2026) found that technology-enhanced game-based
learning environments were generally associated with positive cognitive, behavioral, and affective
outcomes, including motivation, engagement, academic achievement, and problem-solving skills.
Compared with such interventions, the present study examined naturally occurring differences in
students’ experiences across existing classroom environments rather than the effects of a
standardized gamification treatment. The apparent discrepancy between these findings may
therefore be less about whether gamification works and more about the conditions under which its
effects become observable. When game elements are systematically embedded within instruction,
aligned with learning objectives, and implemented with sufficient consistency, their effects may be
more readily detected. In contrast, uneven or relatively limited implementation may generate
positive student experiences without producing corresponding differences in measurable
academic performance.

The consistency of the overall pattern across the different analytical approaches further
supports a cautious interpretation. These analyses should not be regarded as independent
replications because several were derived from the same underlying data structure. Their
contribution is instead methodological: they indicate that the weak relationship was not simply an
artifact of representing gamification through a single summary score or relying on one particular
analytical specification. Thus, the present findings narrow the conclusion that can reasonably be
drawn. They do not demonstrate that gamification has no educational value; rather, they suggest
that student-reported exposure to gamified instruction, when implementation varies across
classrooms and schools, may be insufficient on its own to account for meaningful differences in
scientific literacy.

5.2. Measurement Structure of the Gamification Instrument

The measurement findings raise an important question about whether gamification experience
should be represented as a multidimensional construct in this population. Although the
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instrument was originally organized around four dimensions, the empirical structure observed in
the present study provided stronger support for a general gamification construct than for clearly
differentiated subdimensions. In particular, the instability of the Utilization dimension suggests
that interpreting each proposed dimension as a distinct and equally reliable component of
gamification may overstate what the instrument can support empirically.

This finding is consistent with established recommendations in exploratory factor analysis that
dimensional structures should be determined by the empirical relationships among items rather
than assumed from their initial conceptual grouping (Costello & Osborne, 2005; Fabrigar et al.,
1999). From this perspective, the original organization of an instrument provides an important
theoretical starting point, but it does not by itself establish factorial validity. When the expected
dimensions are not clearly reproduced, retaining and interpreting separate subscale scores may
introduce construct distinctions that are not sufficiently supported by the observed response
patterns. Recent educational scale-development studies similarly treat the proposed theoretical
structure as something to be empirically tested rather than assumed. For example, confirmatory
analysis of an adapted mathematics-teacher beliefs scale resulted in the removal of six items before
an acceptable factor structure was obtained (Celik Demirci et al., 2023). For the present instrument,
treating the items provisionally as indicators of a broader gamification experience construct
therefore appears more defensible until the weaker items and dimensions have been revised and
the proposed multidimensional structure has been evaluated in an independent sample.

A similar caution has been reported in other educational measurement contexts. Dorsah et al.
(2025), in a psychometric re-examination of an epistemic-beliefs instrument among pre-service
science teachers, found that theoretically specified dimensions were not fully supported by
subsequent confirmatory evidence and that the reliability of some subscales was inadequate. Their
findings illustrate a broader measurement issue: dimensions defined during instrument
development may not remain equally distinct or stable across samples and populations. The
present results extend this concern to the measurement of gamification experience and suggest
that theoretically meaningful item groupings should not automatically be treated as empirically
established subconstructs.

The findings also clarify the limits of the validation procedures conducted before the main
study. Expert review and satisfactory overall internal consistency provide evidence that the items
are relevant to the intended domain and that the scale functions coherently at a general level, but
neither form of evidence is sufficient to establish multidimensionality. Content validation
primarily addresses whether items adequately represent the intended construct, whereas factorial
validity concerns whether respondents' answers reproduce the hypothesized internal structure.
Similarly, acceptable reliability for the total scale does not ensure that each proposed subscale is
itself reliable or psychometrically distinct. The discrepancy between the preliminary validation
evidence and the factor-analytic results therefore underscores the importance of examining
dimensionality explicitly when an instrument is intended to support interpretations at both total-
score and subscale levels.

5.3. Scientific Literacy and Misconception in a Green Chemistry Context

Independent of the gamification question, the descriptive misconception profile obtained through
the three-tier diagnostic instrument, with under half of students free of misconception and roughly
one in eight showing a strong-misconception-dominant profile on the durian-waste green-
chemistry content, is itself a substantive finding worth separate attention. This profile is consistent
with the broader three-tier diagnostic literature showing that a meaningful minority of students
hold confidently applied incorrect models even after instruction (Caleon & Subramaniam, 2010;
Kirbulut & Geban, 2014; Taber, 2002), and it suggests that the durian-waste context, while locally
relevant (Do et al., 2025), did not by itself prevent the formation of strong misconceptions. This
finding is available for classroom-level remediation regardless of the gamification question and
represents an independent contribution of the three-tier instrument developed for this study.
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6. Limitations

Several limitations qualify these conclusions. First, the cross-sectional, correlational design cannot
rule out that a true but small effect exists and was simply undetected given the observed effect
sizes; a properly powered quasi-experimental design with a non-gamified comparison group
remains the appropriate next step for a causal claim. Second, gamification exposure was measured
through student self-report rather than through independent classroom observation, so the null
finding describes the relationship between perceived gamification and achievement, not
necessarily between actual implementation fidelity and achievement. Third, the sample was drawn
from eight schools within a single city, which limits generalization to other regions or education
systems. Fourth, the Utilization subscale's low reliability means that any hypothesis involving that
specific dimension should be treated with particular caution until the subscale is revised. Fifth, the
scientific literacy measure itself covers a narrow construct scope: it is a ten-item test embedded in a
single durian-waste, green-chemistry reading passage, and while it was designed to be a valid, in-
depth diagnostic instrument for that specific content, it is not a broad-domain scientific literacy
measure in the sense used by large-scale assessments such as PISA, which sample across multiple
science topics and competencies. The findings reported here should therefore be understood as
applying to scientific literacy as operationalized within this single green-chemistry context, and
generalization to scientific literacy more broadly, or to other topic areas, should not be assumed
without further validation using a multi-topic instrument. Sixth, the validation evidence for both
instruments is limited. Content validity rests on three experts, and with three experts on a four-
point scale Aiken's V can take only the values 1.00, .89, .78, and so on, so one rating below 4 moves
an item out of the very-valid category. The pilot involved 32 students from two of the eight
schools, which is too few for dimension-level reliability or structural analysis of the questionnaire.
The literacy test has no construct validity evidence beyond content validation and internal
consistency, so its item statistics should be confirmed in a larger sample. Seventh, the schools were
visited in sequence over about ten weeks (Table 1), so differences between schools, including the
school-level variance reported in Section 4.6, cannot be separated from differences in when each
school was tested and where it stood in the school calendar, or from grade level, which was
uniform within five of the eight schools (Section 3.4). Eighth, the PLS-SEM check used a Python
routine written by the authors rather than SmartPLS. It treated the literacy indicators as 0-3
conception scores because item scores that separate confidence levels are not recoverable, and it
rested on measurement models that missed the usual AVE and discriminant validity benchmarks.
Its loadings and paths should be read as descriptive and replicated in SmartPLS, ideally with a
multilevel specification.

7. Conclusion

This study tested, rather than assumed, the relationship between classroom gamification and
scientific literacy achievement among 343 senior high school students in Palu, Central Sulawesi,
using a locally grounded, green-chemistry, three-tier diagnostic instrument. Across exploratory
factor analysis, cluster analysis, correlation and network analysis, and structural equation
modeling, the data converged on a single conclusion: student-reported gamification experience
showed no reliable association with scientific literacy achievement or with misconception profile,
and only a small, distributional association with ability category that did not correspond to a
difference in mean performance. The gamification instrument itself was more consistent with a
single general engagement factor than with the four-dimension structure assumed at the outset,
and one subscale requires revision before further use. A PLS-SEM check gave a small pooled
association (R?> = .05) that was unstable across tests, disappeared within schools, and had no
predictive relevance.
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8. Implications
8.1. Implications for Classroom Practice

The lowest-rated item in the entire gamification questionnaire concerned the consistency of teacher
use of gamified methods, not student attitude toward gamification itself. This points toward
implementation fidelity, rather than the mere presence of game elements, as the more promising
target for instructional improvement. Teachers and curriculum coordinators in similar settings
should treat gamification as a delivery mechanism that requires sustained, systematic use before
any effect on achievement can reasonably be expected, rather than as a one-off engagement
booster. Independently of the gamification question, the misconception profile obtained from the
three-tier diagnostic instrument (Section 4.1) identifies a specific, addressable target for
remediation in the durian-waste green-chemistry unit, regardless of whether gamified delivery is
used.

8.2. Implications for Measurement and Instrument Design

Researchers adapting or constructing similar gamification questionnaires in comparable
Indonesian secondary-school settings should not assume that an a priori multidimensional
structure will be recovered empirically; the present instrument requires revision of the Utilization
subscale specifically, and re-validation of the four-dimension structure more generally, before it is
reused for confirmatory purposes. More broadly, the study illustrates the value of testing
instrument structure explicitly with exploratory factor analysis rather than proceeding directly to
composite scoring based on the researcher's original item groupings. Expert review and a small
pilot are necessary but not sufficient: dimension-level reliability and factor structure need a pilot
large enough to estimate them before an instrument enters a main study.

8.3. Implications for Research Design

The consistent null finding obtained here through four complementary, though not statistically
independent, analytical strategies argues for the value of multi-method corroboration in
educational research generally, and specifically for testing, rather than assuming, both the factor
structure of locally adapted instruments and the achievement-level consequences of popular
motivational interventions before recommending their broader adoption. Future work in this
setting should prioritize a quasi-experimental design with an explicit implementation-fidelity
measure, a revised and re-validated gamification instrument, and, where feasible, a multi-site
design that allows the moderating role of school-level implementation to be tested with adequate
statistical power.
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