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Method; Mathematical Critical (Frontier, Outermost, and Underdeveloped) region of Lembata Regency,
Thinking; Integer East Nusa Tenggara. A four-item essay test anchored in Facione’s critical
Multiplication; 3T (Remote) thinking dimensions was expert-validated (mean rating 3.54/4.00;
Regions Cronbach’s Alpha = 0.907). Results: The Mann-Whitney U test showed no

statistically significant between-group difference (Sig. = 0.420, r = —0.115,
very small effect); normalized gain was comparable (experimental 0.40,
control 0.41, both moderate). Qualitatively, achievement varied by indicator:
interpretation 71.88% (high), analysis and inference 53.13% (moderate), and
evaluation 43.75% (low). Novelty: This study offers early empirical
grounding for a low-barrier, game-enriched GASING approach in resource-
limited 3T settings, evaluates games fused into GASING as one integrated
package, and surfaces a spoken-written critical thinking disparity that
motivates multimodal assessment.

INTRODUCTION

Within the educational priorities of the twenty-first century, the capacity to think
critically about mathematics has come to occupy an increasingly prominent position
(Wang & Abdullah, 2024). Building on the Delphi consensus report, Facione (1990)
characterizes critical thinking as a deliberate, self-regulating form of judgment — one that
yields interpretation, analysis, evaluation, and inference by weighing evidence, concepts,
methods, criteria, and contextual factors. Translated into mathematics education, these
four component skills serve as the core operational markers used to gauge a learner’s
mathematical critical thinking, and instructional models deliberately targeting them have
been shown to raise achievement measurably (Angraini & Wahyuni, 2021; Setiana et al.,
2021). The GASING method itself, an Indonesian acronym for “Easy, Fun, and Enjoyable”
and devised by Surya (2013), constitutes a structured route into mathematics that
advances through three ordered stages: the concrete (working with physical
manipulatives), the abstract (operating on symbolic representations), and mental
computation (arithmetic carried out in the head, without any written working). This
progression allows learners to assemble conceptual understanding from lived experience
before they move into symbolic reasoning. Recent classroom evidence supports pairing
this staged logic with play: Maulida et al. (2024) found that Teams-Games-Tournament
cooperative learning built on the GASING method raised fourth graders’ conceptual
understanding of two-digit multiplication more than conventional instruction did (N-
gain 0.56 versus 0.26). Folding instructional games into the GASING framework therefore
carries clear promise for enriching this learning process; yet the precise impact of such a
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combined design on mathematical critical thinking has so far drawn only sparse
empirical scrutiny.

The international picture sharpens the urgency of the question. In the mathematics
domain of PISA 2022, Indonesia placed 68th among 81 participating nations with a score
of 366 —down from 379 in PISA 2018 (OECD, 2023). Such sustained underachievement
mirrors pervasive shortfalls in learners” mathematical literacy, including their ability to
interpret, analyze, and appraise authentic mathematical situations (Masfufah &
Afriansyah, 2021), a pattern Indonesian teachers themselves attribute to limited exposure
to reasoning-oriented tasks and uneven instructional resources (Wijaya et al., 2024). The
same shortfalls surfaced locally in a preliminary study involving 24 Grade VIII learners
at a state junior high school in Lembata Regency, East Nusa Tenggara, where the average
critical thinking score reached only 49.74%, broken down by indicator as interpretation
55.2%, analysis 48.96%, evaluation 41.0%, and inference 54.2%. These figures point to a
critically low level of critical thinking ability, especially around integer multiplication —
a topic that functions as a foundational gateway to more advanced mathematical
material.

Much of this weakness can be traced to the prevalence of conventional teaching that
prizes procedural memorization—most conspicuously the rote recall of sign rules for
integer operations —over conceptual understanding (Lawson et al., 2021). Integers are in
any case a well-documented site of difficulty: Grade 7 learners still display
misconceptions when operating on negative numbers (Harun et al., 2023), partly because
they import whole-number intuitions into a domain where they no longer hold (Aqazade
& Bofferding, 2021). Instruction of this kind leaves too little room for learners to cultivate
the higher-order skills of analysis, evaluation, and inference, all of which depend on the
active construction of knowledge (Facione, 2020). Conditions characteristic of Indonesia’s
Frontier, Outermost, and Underdeveloped (3T) regions (Presidential Regulation No.
63/2020, 2020), Lembata Regency among them, intensify these difficulties further.
Restricted access to pedagogical innovation in such regions narrows learners’ exposure
to the very experiences that would otherwise stimulate higher-order reasoning.
Nurhikmayati et al. (2024) supply direct evidence on this point, reporting that Indonesian
junior high school learners in border and highland schools rank significantly below their
lowland urban counterparts in mathematical critical thinking—a geographic gradient
they trace to unequal access to educational resources and teaching innovation.

The existing literature offers several encouraging leads. Qirom and Juandi (2023),
synthesizing Indonesian classroom studies, concluded that traditional games woven into
mathematics lessons benefit learners across the cognitive, affective, and psychomotor
domains, with cognitive gains the most frequently documented. On a wider canvas, a
meta-analysis of 13 empirical studies (40 effect sizes) by Anggoro et al. (2025) found that
game-based learning exerts a small but significant positive effect on learners’
mathematical higher-order thinking skills (g = 0.134), with intervention duration among
the significant moderators. In a similar vein, Barz et al. (2024) meta-analyzed school-
based digital game interventions and reported a medium effect on cognitive outcomes (g
= (0.67) and a small effect on affective-motivational outcomes (g = 0.32), yet no significant
effect on metacognitive outcomes. Pan et al. (2022), reviewing 43 K-12 mathematics
studies, called for closer attention to how mathematical content is integrated into game
mechanics, and Karki et al. (2022) showed that a brief game intervention supported
primary learners’ conceptual rational number knowledge without producing a
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significant group difference in adaptive number knowledge. Vankas$ (2021), reviewing
57 studies, further reported that the great majority document positive effects on the
affective domain —motivation, engagement, and enjoyment—while Hidayat et al. (2024)
mapped the expanding range of online mathematics games now available to teachers.
Turning specifically to critical thinking, Mao et al. (2022) synthesized 20 studies and
detected a significant positive effect (Hedges” g = 0.863), and Kannadass et al. (2023)
established that critical thinking is tightly bound up with other higher-order
competencies in mathematics. Hui and Mahmud (2023), through a systematic review of
28 studies, additionally established that game-based learning shapes both the cognitive
and affective domains of mathematics education. Even so, a clear research gap endures
on two interlocking fronts. First, at the level of instructional design, studies pairing
GASING with game formats have so far measured conceptual understanding rather than
critical thinking (Maulida et al., 2024), and no study has yet specifically interrogated the
effect of games embedded within the GASING method —as a single, unified instructional
package rather than games and GASING treated separately —on learners” mathematical
critical thinking. Second, and more specifically, this design has never been examined
within Indonesia’s 3T regions: because prior game-based and GASING research has been
conducted almost exclusively in urban, better-resourced schools, it remains unknown
whether such findings transfer to 3T classrooms, where limited access to teaching aids,
intermittent teacher training, and geographic isolation may alter how instructional games
function. Compounding both gaps, the bulk of prior work depends solely on quantitative
analysis and forgoes any in-depth qualitative reading of learners’ critical thinking
profiles at the indicator level.

In light of the foregoing, this study explicitly aims to: (1) examine the gap in
mathematical critical thinking achievement between learners taught through game-based
GASING instruction and those taught conventionally; and (2) characterize learners’
mathematical critical thinking profiles indicator by indicator, drawing on a qualitative
reading of written responses and interviews. Its novelty rests on three pillars: (a) the
empirical evaluation of educational games fused into the GASING method as one
integrated instructional package; (b) a study context located in an Indonesian 3T region
that the literature has chronically overlooked; and (c) a mixed-methods design joining
inferential statistical testing to per-indicator qualitative analysis, thereby furnishing a
fuller portrait of learners’ critical thinking development than earlier single-method work
could provide.

RESEARCH METHOD

A sequential explanatory mixed-methods design framed this study. In its opening phase,
quantitative data were gathered and examined; a second, qualitative phase then followed
in order to expand upon and add depth to the quantitative results (Creswell & Plano
Clark, 2018). The quantitative phase rested on a quasi-experimental nonequivalent
control group design, with a pretest-treatment-posttest sequence delivered to both
groups in the absence of randomization (Sugiyono, 2017). The qualitative phase, in turn,
comprised a close reading of learners’ written work together with semi-structured
interviews, undertaken to bring their indicator-level critical thinking processes into view.
Randomization at the individual level was not pursued because the two participating
schools —already operating under tight staffing and scheduling constraints typical of the
3T context—required that instruction proceed within intact, administratively fixed
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classes; disaggregating and reassigning students would have disrupted the schools’
regular teaching schedule and was therefore judged both impractical and ethically
inadvisable. This nonequivalent control-group design is consequently treated as the most
defensible naturalistic approximation of a controlled comparison available under field
conditions, with the pretest serving as a covariate check on initial group comparability.

All Grade VIIlearners at two state junior high schools in Lembata Regency, East Nusa
Tenggara, made up the study population. From this population a sample was drawn by
purposive sampling, the selection resting on class equivalence and the practical
accessibility of each site. The resulting sample comprised: (1) an experimental class (n =
24) given game-integrated GASING instruction across four sessions, each built around a
distinct game—a hand-gesture competition game (Session 1: positive times positive
multiplication), a mathematics puzzle (Session 2: positive times negative), a mathematics
snakes-and-ladders game (Session 3: negative times positive and negative times
negative), and a mathematics ludo game (Session 4: integration of all combinations); and
(2) a control class (n = 25) taught the same content conventionally. Each game was played
in small collaborative groups, a configuration chosen because peer interaction during
game play has been linked to greater task efficiency and learning engagement (Moon &
Ke, 2020) and because learners themselves perceive in-game scaffolding as central to their
progress (Sun et al., 2021). In the qualitative phase, the written responses of every one of
the 24 experimental learners were analyzed, and three learners were purposively chosen
as interview informants to represent variation in ability (high, moderate, and low) as
indicated by posttest scores. The school administration granted ethical clearance, and
informed consent was obtained from all participants. The modest sample size (n = 49)
reflects the structural realities of Lembata Regency as a 3T region: only two state junior
high schools lie within a single day’s safe travel of the research site given the available
inter-village and inter-island transportation, and each school offered only one Grade VII
class of the size reported here. Rather than treating this constraint as a limitation to be
masked, the study frames it explicitly as a boundary condition of 3T educational research,
where population access —not statistical convenience — sets the ceiling on feasible sample
size; the results are consequently reported and interpreted as pilot-level evidence rather
than as findings generalizable beyond comparable 3T settings. This constraint limits
generalizability in three concrete ways. First, statistical power was low: with groups of
24 and 25 learners, the between-group comparison had approximately 40% power to
detect a medium effect (d = 0.50, a = 0.05, two-tailed) and reached 80% power only for
effects of about d = 0.82 or larger, so a nonsignificant result cannot rule out a small or
moderate effect. Second, because the sample comprised two purposively selected intact
classes, each located in a different school, school- and class-level influences (including
differences in teaching staff) cannot be disentangled from the treatment effect, and the
findings cannot be assumed to hold for other schools, even within Lembata Regency.
Third, the indicator-level qualitative profile rests on 24 written responses and three
interview informants and is therefore indicative rather than representative. Accordingly,
all inferences are confined to junior high school learners in 3T settings with comparable
access, class size, and resource conditions.

Three components constituted the data collection instrumentation: (1) a
mathematical critical thinking test of four open-ended essay items, each keyed to one of
Facione’s (1990) four indicators —interpretation (Item 1: chess game point-loss context),
analysis (Item 2: hourly temperature change context), evaluation (Item 3: sea-level change
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context), and inference (Item 4: fisherman’s income context) —all framed within integer
multiplication; (2) a semi-structured interview guide; and (3) observation sheets
recording teacher and learner activity. Four expert judges (two mathematics education
lecturers and two seasoned junior high school mathematics teachers) validated the test,
returning a mean validity rating of 3.54 out of 4.00. Every item met acceptable item
validity (r-calculated > r-table = 0.456), showed a moderate difficulty level, and displayed
excellent discriminating power (DP > 0.70); across its entirety the test yielded a
Cronbach’s Alpha reliability coefficient of 0.907, indicating excellent internal consistency.
The semi-structured interview guide and the observation sheets underwent the same
four-judge expert-validation procedure as the essay test and were judged content-valid
for eliciting indicator-level evidence of critical thinking; because both instruments served
a qualitative, evidence-gathering function rather than a scored function, no numerical
reliability coefficient was computed for them, and their trustworthiness was instead
secured through source triangulation across test scores, written responses, and interview
transcripts, as detailed in the data-analysis procedure below. Data were collected in the
following order: pretest, four instructional sessions, posttest, documentation of answer
sheets, and interviews. A GASING-certified teacher delivered the instruction, while the
researcher took the role of a nonparticipant observer.

For the quantitative strand, analysis drew on descriptive statistics, the Shapiro-Wilk
normality test, Levene’s homogeneity test, and a suitable inferential comparison test.
Since the control group’s posttest data did not meet the normality assumption (Sig. =
0.034 < 0.05), the nonparametric Mann-Whitney U test was selected (a = 0.05). Effect size
was expressed through rank-biserial correlation (r = Z/VN), consistent with APA 7th
edition reporting conventions (Cohen, 1988). Because the groups differed in their pretest
scores, normalized gain (N-gain = [posttest score — pretest score] / [100 — pretest score])
was additionally calculated to permit a relative comparison of learning improvement.
The qualitative strand followed the Miles and Huberman (1994) framework of data
reduction, data display, and conclusion drawing. Data adequacy was secured through
purposive selection ensuring representational variation in learner ability, and
triangulation proceeded by cross-referencing three evidentiary sources: test scores
(quantitative), written-response analysis (documentation), and semi-structured
interviews with learners and the teacher.

RESULTS AND DISCUSSION

Results

Table 1 sets out the descriptive statistics for mathematical critical thinking scores in each
group.
Table 1. Descriptive statistics of mathematical critical thinking scores
(ideal score = 100).

Group N Mean SD Max. Min.
Pretest

Experimental 24 25.64 14.57 68.75 0.00
Control 25 15.50 12.64 43.75 0.00
Posttest

Experimental 24 55.47 20.30 93.75 25.00
Control 25 50.00 14.77 81.25 31.25
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As Table 1 shows, the experimental group began with the higher pretest mean yet
recorded the smaller raw gain (29.83 versus 34.50 points) and the wider posttest
dispersion. Normalized gain scores were computed to place the two groups’
improvement on a common scale despite their unequal starting points: the experimental
group recorded N-gain = (55.47 — 25.64) / (100 — 25.64) = 0.40 (moderate), and the control
group N-gain = (50.00 — 15.50) / (100 — 15.50) = 0.41 (moderate).

These figures indicate that both groups opened the study with low critical thinking
ability and without baseline equivalence. The two groups’ nearly identical N-gain values
suggest that, once the unequal starting points are accounted for, relative learning
improvement was comparable under the two instructional conditions rather than
favoring either approach. The experimental group’s larger posttest standard deviation
further points to wider interindividual variation in outcomes under the game-based
GASING approach, implying that the intervention may not have benefited all learners
uniformly.

Shapiro-Wilk testing of the posttest data revealed normal distribution in the
experimental group (Sig. = 0.088 > 0.05) but not in the control group (Sig. = 0.034 < 0.05).
With the normality assumption breached for one group, the nonparametric Mann-
Whitney U test was applied. Table 2 reports the outcome.

Table 2. Mann-Whitney U test results for mathematical critical thinking.

Statistic Value
Mann-Whitney U 260.000
Wilcoxon W 585.000

z -0.807
Asymp. Sig. (2-tailed) 0.420
Rank-biserial correlation (r) -0.115

Effect size interpretation Very small (|r] <0.3)

Table 2 yields Sig. (2-tailed) = 0.420 > 0.05; HO is consequently retained, denoting no
statistically significant difference in mathematical critical thinking achievement between
the two groups. With r = —0.115, the rank-biserial effect size falls into Cohen’s (1988) very
small band, confirming that the practical separation between the groups is likewise
negligible.

Score Distribution of Mathematical Critical Thinking
per Indicator (n = 24)

204 Score 0
Score 1
Score 2
Score 3
Score 4

154

104

Number of Students

0- T T T T
Interpretation Analysis Evaluation Inference

Figure 1. Score distribution of mathematical critical thinking per indicator (n = 24).
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The written responses of all 24 experimental learners underwent qualitative analysis.
Each test item was constructed to capture a single critical thinking indicator: Item 1
(interpretation), Item 2 (analysis), Item 3 (evaluation), and Item 4 (inference), with each
item carrying a maximum of 4 points. Figure 1 displays the distribution of learner scores
by indicator, and Table 3 condenses percentage achievement per indicator.

Table 3. Percentage achievement in mathematical critical thinking per indicator.

Indicator Score (%) Category
Interpretation 71.88 High
Analysis 53.13 Moderate
Inference 53.13 Moderate
Evaluation 43.75 Low

Interpretation Indicator

Item 1, which framed an integer multiplication problem inside an online chess game
involving cumulative point losses, served to assess the interpretation indicator. Of the 24
learners, 16 scored 3, four scored 2, three scored 4, and one scored 1, producing a total
achievement of 71.88% (high). Table 4 displays the item together with a representative
learner response.

Table 4. Test Item 1 and representative student written response.
Item 1 Representative Written Response
In an online chess game, a player loses 7 points
from their score every time they lose a match. A 35, oo e sebioe tati ot o PR e A
player loses five matches in a row. Write a  ;lmmean. kcobon sohmo. 5. holi.beshub-buch
mathematical ~expression to represent this . e M s bkt
situation and determine the total points lost. How . .
many total points did the player lose?

As Table 4 shows, the learner set down the expression =7 x 5 = =35 and concluded that
the total points lost amounted to 35, thereby reading “loss” as a negative integer and the
recurring matches as a multiplication operation. The semi-structured interview excerpt
below reinforces this reading;:

Researcher: “Why did you write =7 x 5?”

Student: “Because loss means minus, so I wrote negative 7. Then I multiplied by 5
because they lost five times.”

Researcher: “Can you explain what the result =35 means?”

Student: “It means the total points lost are 35. The negative sign shows that the points
decreased.”

The interview verifies that the learner grasped loss as a negative integer and could put
the meaning of the computed result into words. High interpretation achievement most
plausibly traces back to the concrete stage of the GASING method —specifically the
mountain-valley physical manipulative —which trains learners to picture positive and
negative integers ahead of any move into symbolic representation.

Analysis Indicator
Item 2, set within a context of hourly temperature change, addressed the analysis
indicator. The score distribution was 10 learners at 1, nine at 3, three at 2, and two at 4,
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giving an overall achievement of 53.13% (moderate). Table 5 presents the item and a
representative response.

Table 5. Test Item 2 and representative student written response.
Item 2 Representative Written Response

The temperature in City X at 06:00 is 2 degrees d'“'zzf;:: i:?t;ﬁl;::u g
Celsius. Every hour, the temperature drops by 4

degrees Celsius. This decrease continues for five ‘J”‘””'“’-’f"“’/ . dipeccieh !
~baddi e cann. e/Shubunikon.. dforimal. unku k.. encat. Supu

consecutive hours. What information can you s 3 Pade Puiat__1.-00 -
identify from the problem? How would you = BRLGR. Sl JHn.. 5. Rerdn. UL 100
Fonr}ect that 1nf0rmatlop to find the tempe_ratqre ISR TR Pk
in City X at 11:00? What is the temperature in City be_Subup uratr -+ Peesitinan. Sl
X at 11:00? Fok 20,7 R

Dk 20 = 19

As Table 5 indicates, the learner pinpointed every relevant piece of information (initial
temperature 2 degrees Celsius, a 4-degree fall per hour over five hours) and used a
repeated addition strategy to break the problem down hour by hour, afterward linking
the starting temperature to the cumulative decrease. The interview excerpt below further
illuminates the learner’s analytical work:

Researcher: “Why did you write repeated addition?”

Student: “Because I wanted to show that every hour it drops 4 degrees, so I wrote them
one by one before adding them up.”

Researcher: “In part (c), you wrote 2 + (=20) = —18. Can you explain that?”

Student: “Oh, that means 2 plus negative 20, which gives minus 18.”

The interview brings out sound structural understanding: the learner methodically
separated the problem into its parts (initial temperature, hourly drop, number of hours)
and recombined them coherently. Several learners nonetheless slipped on notation in
negative number operations, a sign that conceptual consolidation remains unfinished.

Evaluation Indicator

Item 3, which asked learners to judge the truth of a claim about sea-level change while
simultaneously holding two competing factors in view (a decrease and an increase),
assessed the evaluation indicator. Here 11 learners scored 2 and 10 scored 1, with only
two reaching 3 and one reaching 4, for an overall achievement of 43.75% (low). Table 6
sets out the item and a representative response.

Table 6. Test Item 3 and representative student written response.
Item 3 Representative Written Response
At a harbor, an observer records that the sea level
falls by 2 meters every hour. However, another di#au s g 2 moser sesiae Jam

factor causes the sea level to rise by 1 meter every 2 £.alt Loy qut Lot Jaen
; A . X J ditz=Ponganet. Ferebur. benar tha Sa... berar. JoaSkan
hours. If this receding continues for six consecutive = dentatncins... oty Solaimia..6 Jaw

hours, then the total decrease in sea level reaches 50

) . ) Dz 2 Cair Lot SAUE.. 2. per.. Joriap Y. X (cr. Suryt...6 Jam
meters. Is the observer’s claim correct or incorrect? b rruest - 4
Exp]ain your answer. What is the actual Change in b Jodi.... Rearunan...ait. ... Jproica.... 6 Jouad..clonkah 2. 12. e

sea level after six hours?

As Table 6 reveals, the learner logged only the decreasing factor and left the rising factor
out of the working entirely. The learner produced 2 x 6 = 12 meters as the final answer,
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disregarding the 1-meter rise occurring every two hours. The interview exchange that
follows, however, exposes a latent evaluative capacity:

Researcher: “Is all the information in the problem included in your solution?”

Student: “Hmm, there is also a 1-meter rise every 2 hours, but I did not include it in my
calculation.”

Researcher: “Can you try recalculating with that factor included?”

Student: “The rise is 1 meter every 2 hours. Over 6 hours that is 3 rises, so 3 meters. The
actual decrease is therefore 12 minus 3, which is 9 meters.”

The interview lays bare a telling divide between oral and written evaluative performance:
once prompted, the learner could name the missing information and recompute the
answer correctly (9 meters net decrease).

Inference Indicator

Item 4, built around a fisherman’s income after spoiled fish are deducted across several
baskets, assessed the inference indicator. The distribution showed 10 learners at 1, six at
2, five at 4, and three at 3, yielding an overall achievement of 53.13% (moderate). Table 7
presents the item and a representative response.

Table 7. Test Item 4 and representative student written response.

Item 4 Representative Written Response
A fisherman catches 8 baskets of fish. Each basket

. . i Dilt. .. 5ecxan... Nelayaa... Medanghoe. .. ikan... Sehanyal.. @, Zfe\omm‘k)
has a total weight of 50 kg. Upon inspection, 3 kg - Sibice_lmanis coseitil-esid.. S0 by
per basket is found to be spoiled and unsellable. The yegiiig bvs;“b'a ; ra
g . an. Jang... Mas: k.. diual ngan barga. R0, 22070, . Fec kg
flsher.man plans to sell the good flsb at IDR 50,900 T R e S e Wi L ST A ey
per kilogram. Calculate how many kilograms of fish = we:au ss.:Cozz02
are still sellable. Determine the fisherman’s total I A D A
income from selling the good fish. A classmate Gaagsines B B o 5 B oo sseoane s g bala s
concludes that the fisherman’s income is IDR g fecebi. dol. . do.. ... eransang.bovalnge. . kiy i oy
20,000,000. Determine whether this conclusion is . 3.t hoasjaca-basih dadi 20g 2543 bl
correct or incorrect, and explain your reasoning,.

¢:.Solah.. kargs.... o masiA F‘hny dongao....ikon. yaag.. busvks. maaka besilpge. A

Y2.X.8.5.356.+...35b. % Sa 000, 217000,/

As Table 7 shows, the learner adopted a per-basket approach (50 — 3 = 47 kg per basket,
then 47 x 8 = 356 kg). Although an arithmetic error crept in (the correct figure being 376
kg), the inferential reasoning chain held together conceptually. The learner also rightly
judged the classmate’s claim to be incorrect on the grounds that it neglected to subtract
the spoiled fish. The interview excerpt below confirms this inferential capacity:

Researcher: “Can you recalculate? Is 47 x 8 really 3567”

Student: “"Hmm, 40 x 8 is 320, and 7 x 8 is 56. So 320 plus 56 is 376. I made an
arithmetic error earlier.”

Researcher: “In part (c), you wrote the claim is incorrect. Can you explain why?”
Student: “Because the claim did not subtract the spoiled fish. If you take 50 x 8 = 400 kg
and multiply by IDR 50,000 you get 20 million. But you must subtract the spoiled fish
first before calculating the income.”

The interview makes plain that the learner sustained a conceptually sound inferential
chain and could recognize and self-correct arithmetic slips when guided. The error in 47
x 8 suggests that computational fluency had not yet matured within four sessions.
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Teacher Interview
To round out the per-indicator analysis, the following passage is drawn from the semi-
structured interview with the classroom teacher:

Researcher: “How did you observe students’ critical thinking developing over the course
of this instruction?”

Teacher: “Looking at how they approached the problems, there was noticeable progress.
Before, they often guessed without writing out their work. By the third and fourth
sessions, many students had started writing down what was given and what was asked
before calculating. Some were even able to check their own answers, although not all
students could do that yet. In my view, the hand-gesture competition and puzzle activities
at the beginning helped them think more carefully, because an incorrect answer meant
they immediately lost.”

The teacher’s account corroborates the pattern surfacing through the quantitative and
written analysis: interpretation-level skills (identifying and articulating given
information) developed most visibly, while evaluation-level skills (verifying answers)
stayed limited.

Discussion

The absence of a statistically significant between-group difference (Sig. = 0.420, r =
—0.115) should be read as inconclusive rather than as evidence that game-integrated
GASING instruction is ineffective, and its meaning depends on how three competing
explanations are weighed. The first is methodological: with 24 and 25 learners, the
comparison could reliably detect only large effects, so the study can reasonably exclude
a large benefit but not a small or moderate one. The second concerns baseline non-
equivalence. The experimental group began 10.14 points higher, which left less room for
growth and helps explain why the control group posted the larger raw gain (34.50 versus
29.83 points) even though normalized gains were virtually identical (0.40 versus 0.41).
Because the posttest comparison did not adjust for this head start, the unadjusted test
was, if anything, tilted in favor of the intervention, which makes the absence of a large
effect more credible rather than less. The third explanation is substantive: four sessions
may fall below the exposure that critical thinking skills require, a reading consistent with
Anggoro et al. (2025), who identified intervention duration as a significant moderator of
game effects on mathematical higher-order thinking, and with Facione’s (2020) view that
critical thinking matures through sustained, repeated practice. Since the present design
cannot separate these explanations, the quantitative result is best treated as a baseline for
a larger and longer replication rather than as a verdict on the approach.

The indicator profile is more informative than the group comparison. Interpretation
(71.88%) clearly outpaced evaluation (43.75%), a gradient that follows the ordering of
Bloom’s (1956) taxonomy, in which comprehension precedes analysis and evaluation sits
near the top (Marzuki et al., 2021). This gradient, however, reflects not only task difficulty
but also what the games rewarded. The four games scored the speed and accuracy of
computation, a reward structure that sustains engagement and fluency (Bhagat et al.,
2021; Yeh et al., 2019) but never required learners to judge whether a claim was adequate.
Item 3 shows the consequence: the representative learner computed the decreasing factor
correctly yet ignored the competing rise, an omission that a computation-focused game
would never penalize. Two syntheses reinforce this interpretation. Barz et al. (2024)
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found reliable cognitive but no significant metacognitive effects of digital game
interventions, and Mao et al. (2022) reported that game effects on critical thinking skills
were considerably smaller than those on critical thinking dispositions and largest for role-
playing games. Games that do cultivate higher-order reasoning oblige learners to
construct, test, and revise solutions (Ke, 2019; Ke & Clark, 2020) or embed conceptually
demanding content in the core mechanic (Ké&rki et al., 2022). Evaluation and inference, in
other words, must be designed into the game rules —for example, by awarding points for
detecting and justifying an opponent’s error—rather than expected to emerge from
computational play.

The interviews complicate the written-test picture in an important way. The
representative learner who omitted the competing factor in writing named and corrected
the omission as soon as the researcher asked whether all information had been used,
which suggests that part of the low evaluation score reflects difficulty in externalizing
reasoning on paper rather than a complete absence of evaluative capacity. In Vygotskian
terms (Vygotsky, 1978), the interviewer’s prompt supplied the scaffolding that the games
did not. Collaborative play appears to have supported learners within their zone of
proximal development at the interpretation level, where GASING’s concrete-abstract-
mental computation sequence parallels Bruner’s (1966) enactive-iconic-symbolic modes
and where staged GASING instruction has previously supported understanding (Nuari
et al, 2019), yet no comparable support was built in for evaluation. The missing
ingredient was therefore more likely explicit instruction than additional play: gains in
evaluative competence have been reported when critical thinking is taught as an explicit
object within mathematics lessons (Arisoy & Aybek, 2021) or when cooperative structures
require learners to interrogate one another’s reasoning (Silva et al., 2023). Learners’
epistemological beliefs may form a further barrier, since viewing mathematics as fixed
procedures to be memorized reduces readiness for evaluative thinking (Rott, 2021); a
game culture that rewards the fastest correct answer risks reinforcing precisely that belief.

Two further observations qualify these conclusions. First, the experimental group’s
larger posttest dispersion (SD = 20.30 versus 14.77) indicates that game-integrated
GASING instruction widened rather than narrowed individual differences, consistent
with Hussein et al.’s (2022) finding that game-based learning effects vary with learners’
cognitive readiness. For 3T classrooms with heterogeneous prior knowledge, this implies
that games should be accompanied by differentiated support for lower-performing
learners rather than applied uniformly. Second, the notational slips with negative
numbers show that game practice did not dislodge the habit of recalling sign rules
without their conceptual rationale (Lawson et al., 2021; Zhang et al., 2017). At the same
time, the teacher’s report that the immediate-penalty mechanism made learners more
careful, together with the apparent contribution of the Session 2 puzzle to systematic
analysis (Melero & Hernandez-Leo, 2014), indicates that the games’ feedback loops did
foster attentiveness and self-monitoring (Gentile et al., 2019; Hui & Mahmud, 2023). This
self-monitoring, however, seems to have operated on computational accuracy rather than
on the soundness of reasoning, which again locates the limitation of the intervention in
what its feedback targeted rather than in game-based learning as such.

CONCLUSION
Fundamental Finding: Game-integrated GASING instruction did not produce a
statistically significant difference in mathematical critical thinking on integer
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multiplication compared with conventional instruction (Mann-Whitney U, Sig. = 0.420, r
= —0.115), and both groups achieved comparable moderate normalized gains (0.40 and
0.41). At the indicator level, interpretation was highest (71.88%, high), analysis and
inference were moderate (53.13%), and evaluation was lowest (43.75%, low), indicating
that the approach more readily fosters lower- and mid-order critical thinking than higher-
order evaluative competence. Implication: Game-integrated GASING instruction is a
workable and accessible pedagogical alternative for Indonesia’s 3T regions; however,
because interviews revealed reasoning that written responses did not capture, test-based
measurement alone may understate learners’ critical thinking, which calls for multimodal
assessment and GASING teacher training tailored to 3T contexts. Limitation: The
intervention was brief (four sessions); the games targeted conceptual reinforcement more
than evaluation and inference; the non-randomized design with unequal baseline scores
limited causal inference; the small purposive sample (n = 49) drawn from two intact
classes afforded low statistical power and restricts generalization to comparable 3T
settings; the scope covered one topic and one grade level; and a single teacher carried
both instructional and facilitation roles. Future Research: Future studies should extend
the intervention to 8-12 sessions, design games that explicitly require answer verification
and reasoning about competing factors, add structured post-game reflection, replicate
the study across topics and grade levels, and adopt multimodal assessment combining
written tests, oral assessment, and portfolios.
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