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Abstract
The mathematical problem-solving skills of students in Indonesia remain comparatively
weak, a pattern evident both in the 2022 PISA outcomes and among eighth-grade learners at SMP
Swasta Cerdas Murni, where the majority failed to reach the Minimum Completeness Criteria
(KKM) on problem-solving tasks, especially those involving statistics. This research seeks to
determine how the Wordwall-supported Team Assisted Individualization (TAI) learning model
influences students' ability to solve mathematical problems in the topic of statistics. A quantitative
method was applied using a Pretest-Posttest Control Group Design, involving 48 eighth-grade
students who were assigned to experimental and control groups through cluster random sampling.
Data were gathered using essay-based tests grounded in Polya's problem-solving indicators, and
analyzed through the Independent Sample T-Test alongside Cohen's d. Findings showed a
statistically significant effect (p < 0.001) with a very large effect size (Cohen's d = 6.028),
demonstrating that the experimental group's improvement in problem-solving ability far outpaced
that of the control group. Overall, the results indicate that the Wordwall-assisted TAI model offers
a promising alternative for mathematics instruction, one that encourages students to engage
actively and collaboratively while studying statistics.
Keywords: Team Assisted Individualization, Wordwall, mathematical problem-solving ability,
statistics, digital gamification

INTRODUCTION connections, and representation (Nduru et al.,
Education holds a strategic position in 2023), as also affirmed in Ministerial
advancing a nation, as the quality of its Regulation (Permendiknas) No. 22 of 2006.
human resources is largely determined by the Polya (1973), problem-solving ability
educational process (Pradesa et al., 2024). as consisting four stages: understanding the
The 21st-century education system demands problem, devising a plan, carrying out the
that students possess critical thinking, plan, and looking back at the solution a
creativity, collaboration, and problem- framework used as the primary reference in
solving skills (Alawiyah et al., 2024), and this study and considered essential for
among the subjects that contribute helping students build a strong grasp of
significantly to building these competencies mathematical concepts (Mukarromah et al.,
is mathematics, which functions not only as a 2024). Operationally, this ability is reflected
tool but also as a language across disciplines in students' efforts to understand the problem,
(Farisah et al., 2023). Teachers therefore play identify the known and asked information,
a vital role in guiding students to strengthen formulate a mathematical model, select an
and enrich fundamental mathematical appropriate solving strategy, and verify the
concepts, so that their thinking skills become correctness of the solution obtained (Firda et
increasingly robust (Jumri & Murdiana, al., 2023). Although mathematical problem-
2022). solving ability holds an important position,
In line with this, the NCTM places Indonesian students' national achievement
problem-solving as one of the core remains relatively low, as reflected in the
competencies in mathematics learning, 2022 PISA results, which ranked Indonesia
alongside reasoning, communication, 70th out of 81 countries with an average score
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of 366, far below the OECD average of 472
(Nisa & Faradiba, 2023). This aligns with the
findings of Kesuma et al. (2022) that most
students have not been able to solve problems
systematically, from understanding the
problem through to interpreting the answer.

A similar pattern was identified more
specifically at SMP Swasta Cerdas Murni: an
initial observation on 9 February 2026
showed that mathematics learning was still
dominated by one-way lecturing, causing
students to be passive and rarely trained to
devise solving strategies independently.
Interviews with the mathematics teacher
confirmed that most eighth-grade students
scored below the Minimum Completeness
Criteria (KKM) on problem-solving
questions, particularly in statistics material
the focus of intervention in this study. This
classroom-level finding indicates that the low
problem-solving ability is not merely a
national issue but also a concrete problem
directly linked to the learning patterns
applied in that class.

One factor suspected to contribute to
this low ability is the dominance of teacher-
centered learning, particularly the lecture
method, which limits students' active
involvement in thinking and discussion
(Sya'bani et al., 2024). To address this,
teachers can pursue a change in approach or
learning model so that students' learning
potential both physical and mental can
develop more optimally (Reflina & Ananda,
2022). This calls for a learning model capable
of accommodating differences in individual
ability while also encouraging collaborative
interaction within groups. The Team Assisted
Individualization (TAI) model developed by
Slavin (1995) is a relevant alternative, as it
theoretically combines individual learning
with heterogeneous group work grounded in
the principles of positive interdependence
and individual accountability = within
cooperative learning. Through the peer-
tutoring structure in TAI, more capable
students help their peers understand problem-
solving strategies, while teachers can focus
more closely on guiding groups that need
additional assistance (Mandiangan et al.,
2024). This model’s effectiveness in
enhancing mathematical problem-solving
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ability has been confirmed across multiple
educational levels (Harahap et al., 2022).

Beyond the learning model itself, the
use of appropriate media also determines the
quality of mathematics instruction. Wordwall
is a web-based digital gamification
application that presents interactive games
and quizzes while providing immediate
feedback on students' answers, thereby
functioning both as a learning medium and as
an evaluation tool (Siregar et al., 2023). Its
use has been shown to increase students'
engagement, confidence, and understanding
of the material (Kurnia et al., 2025).
Conceptually, TAI and Wordwall are
complementary: TAI manages differences in
student ability through group-work structures
and peer tutoring, while Wordwall
strengthens the affective dimension of
learning through game elements and instant
feedback that boost learning motivation
(Roliasari et al., 2025).

A number of earlier studies have tested
how effective the TAI model. Yundiana et al.
(2020) found that TAI produced a significant
effect on the mathematical problem-solving
ability of eighth-grade students at SMP
Negeri 26 Bandar Lampung without any
particular supporting medium, with the
experimental class average (80.17) higher
than the control class (62.07). Fadlilah et al.
(2021) combined the TAI model with
interactive video in distance learning at SMP
Negeri 172 Jakarta and obtained a significant
effect with an effect size of 79% (Cohen's ES
= 0.844, high category). Harahap et al. (2022)
demonstrated that applying TAI to eighth-
grade students at MTs Swasta Harapan Jasa
Makmur significantly improved
mathematical problem-solving ability, from
17.5% on the initial test to 90% by the end of
Cycle II. Nduru et al. (2023) reported a
significant TAI effect on the mathematical
problem-solving ability of eighth-grade
students at SMP Negeri 31 Medan, with the
experimental class average higher than the
control class. Aswil et al. (2025)
demonstrated that TAI assisted by structured
student worksheets (LKPD) had a significant
effect on the mathematical problem-solving
ability of students at SMP Negeri 118 Jakarta,
with a Cohen's d of 0.82 (large category).
These five studies consistently confirm the
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effectiveness of the TAI model, both without
supporting media (Yundiana et al., 2020;
Nduru et al., 2023) and with static supporting
media such as interactive video (Fadlilah et
al., 2021) and structured LKPD (Aswil et al.,
2025). None of this media, however, has
drawn on digital gamification mechanisms
that deliver instant, competitive feedback
even though such mechanisms could
strengthen the motivational dimension that is
a prerequisite for successful cooperative
learning  (Rahmayanti et al, 2023).
Integrating Wordwall into the TAI syntax,
particularly at the fact-test stage, allows
students to obtain direct feedback on both
individual and group work something not yet
accommodated by the LKPD- or interactive-
video-based media used in prior studies. This
study therefore does not merely replicate the
application of TAI but tests whether adding
an interactive gamification element can
further reinforce the effectiveness of the TAI
model reported previously.

This research contributes to the
existing literature by integrating the Team-
Assisted Individualization (TAI) model with
the Wordwall digital gamification medium a
combination not yet examined in previous
research together with its focus on eighth-
grade statistics material, which empirically
shows low achievement at the research site.
Based on this gap, the study aims to examine
whether, and to what extent, the Wordwall-
assisted TAI learning model affects the
mathematical problem-solving ability of
eighth-grade students at SMP Swasta Cerdas
Murni in statistics material.

METHOD

This study applied a quantitative
approach with a quasi-experimental design.
Quantitative research is defined as a scientific
approach used to test theories or hypotheses
by numerically measuring social phenomena
and subjecting them to statistical analysis
(Sugiyono, 2022). The research made use of
a Pretest-Posttest Control Group Design
involving two  groups, namely the
experimental and the control group. A pretest
was administered to both groups to determine
the students' initial level of ability. Each
group received a different instructional
treatment, followed by a posttest to assess
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changes in students' mathematical problem-
solving ability after the learning intervention.

This study was conducted at SMP
Swasta Cerdas Murni, located on J1. Beringin
Pasar VII Tembung, Percut Sei Tuan District,
Deli Serdang Regency, North Sumatra
Province, during the even semester of the
2026/2027 academic year. The population for
this study consisted of all eighth-grade
students of SMP Swasta Cerdas Murni,
consisting of four parallel classes totaling 99
students. The sampling technique applied
was cluster random sampling, i.e., sampling
based on pre-existing groups or classes. This
technique was chosen because students had
already been distributed into intact classes
according to school policy, making
individual-level randomization impossible
without disrupting existing class schedules
and structures a common practice in quasi-
experimental research (Sugiyono, 2022).

Through this technique, two classes
were randomly selected from the four parallel
classes as the research sample, each
comprising 24 students: one class served as
the experimental group, receiving treatment
through the Wordwall-assisted TAI model,
and one class served as the control group,
using conventional instruction, for a total
sample of 48 students. The equivalence of the
two groups' baseline ability prior to treatment
was confirmed through a pretest administered
to both groups; the results, presented in the
findings section, show that the average scores
of the two classes were descriptively quite
similar (a difference of 1.46 points) before
the different treatments were applied.

The research procedure consisted of
three stages. The preparatory stage included
initial observation, coordination with the
mathematics teacher, determination of the
population and sample, development of a
teaching module based on the Wordwall-
assisted TAI model, and the preparation and
validation of test instruments. The
implementation stage began with a pretest
administered to both groups, followed by
three learning sessions in which the
experimental class applied the Wordwall-
assisted TAI model through eight structured
syntax steps (Placement Test, Teams,
Teaching Group, Student Creative, Team
Study, Wordwall-assisted Fact Test, Team
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Scores and Team Recognition, and Whole-
Class Unit), while the control class followed
conventional lecture-based instruction; the
study concluded with a posttest for both
groups. The data-processing and analysis
stage included prerequisite tests (normality
and homogeneity) and hypothesis testing
using the Independent Sample T-Test and
Cohen's d, as elaborated below, leading to
conclusions that address the research
questions.

Data collection was carried out using
written assessments administered as pretests
and posttests to evaluate students'
mathematical problem-solving abilities. The
instrument comprised 10 essay items (5
pretest items and 5 posttest items) developed
from Polya's (1973) four problem-solving
indicators: (1) understanding the problem, (2)
devising a plan, (3) carrying out the plan, and
(4) looking back. Prior to trial testing, the
instrument underwent a content-validity
process through expert judgment by two
mathematics education experts, Rosliana
Harahap, M.Pd., and Sri Rahma Yani
Harahap, M.Pd. Both experts assessed each
item's alignment with the problem-solving
indicators, the clarity of the language, and the
appropriateness of the difficulty level for
eighth-grade students using a validation
sheet, and provided suggestions for
improving the wording and construction of
the items. The instrument was deemed
suitable for use after revision based on both
experts' feedback, and was then empirically
trialed to establish item wvalidity and
reliability.

The trial result indicated that all 10
pretest and posttest items had r-count values
(0.969-0.987) exceeding the r-table value
(0.355), and were therefore declared valid,
while the Cronbach's Alpha reliability
coefficient of 0.995 was categorized as very
high, based on standard validity and
reliability testing criteria (Sugiyono, 2022).
The difficulty-index test showed that all
items fell into the medium category (0.30 <
TK < 0.70) items that are too easy or too
difficult risk lowering students' motivation to
attempt them (Asrul et al., 2022) and the
discrimination-index test showed that all
items had good discriminating power. The
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instrument was thus declared valid and
reliable for use in this study.

The analysis process included: (1)
descriptive analysis to describe the pretest
and posttest results of both groups; (2) a
normality test using the Shapiro-Wilk test at
a 5% significance level (a0 = 0.05), given a
sample size below 50; (3) Levene's Test was
conducted to assess the homogeneity of
variances between the groups; and (4) the
Independent Samples t-test was performed at
a 5% significance level (o = 0.05) to examine
differences in students' mathematical
problem-solving abilities between the two
groups; and (5) effect-size analysis using
Cohen's d for two independent groups, i.e., d
(M_experimental M_control) /
SD_POOIGCL Where Mexperimental and Meontrol
represent the posttest mean scores of the
experimental and control groups,
respectively, while SDpqoeq denotes the
pooled standard deviation of the two groups
(Cohen, 1988), used to gauge the magnitude
of the effect of the Wordwall-assisted TAI
model on students' mathematical problem-
solving ability. All analyses were performed
using IBM SPSS 27.0.

RESULT AND DISCUSSION

Prior to the learning intervention, a
pretest was administered to both groups to
determine their initial mathematical problem-
solving ability. In the experimental group,
learning was implemented using the
Wordwall-assisted TAI model through eight
structured syntax steps: (1) Placement Test,
in which the teacher analyzes students' initial
ability as the basis for forming heterogeneous
groups; (2) Teams, in which students are
divided into small groups of 4-5 members
with varying ability levels; (3) Teaching
Group, in which the teacher systematically
presents statistics content (mean, median,
mode) to the whole class; (4) Student
Creative, in which each student individually
studies and works on problems; (5) Team
Study, in which students discuss their
individual work within the group, help one
another, check answers, and correct mistakes;
(6) Fact Test via Wordwall, in which students
individually complete quizzes through
Wordwall to gauge their understanding; (7)
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Team Scores and Team Recognition, in
which the teacher assesses and rewards the
best-performing group; and (8) Whole-Class
Unit, in which the teacher and students
summarize the material covered. Meanwhile,
the control group followed conventional
instruction using lecture and question-and-

answer methods, with learning activities
carried out over three sessions.

The following section presents an
overview of students' mathematical problem-
solving ability before and after the
implementation of the learning intervention.

Table 1. Descriptive Analysis Result of Pretest and Posttest Scores

Pre-test Post-test Pre-test Post-test

Control Control Experimental Experimental
N 24 24 24 24
Mean 453125 63.3333 46.7708 86.5104
Median 45.6250 62.5000 46.2500 87.5000
Mode 46.25 61.25 46.25 87.50
Std. 3.95714 3.86010 3.47578 3.83028
Deviation
Range 16.25 16.25 13.75 15.00
Minimum 37.50 56.25 38.75 78.75
Maximum 53.75 72.50 52.50 93.75

Referring to the pretest results in Table
1, the average mathematical problem-solving
score of students in the experimental class
was 46.77, while the control class averaged
45.31 a difference of only 1.46 points. The
two classes therefore had a relatively
equivalent starting point before receiving
different learning treatments.

After treatment, the experimental
class's average posttest score reached 86.51,

while the control class averaged 63.33. The
experimental class improved by 39.74 points
from pretest to posttest, whereas the control
class improved by only 18.02 points, yielding
a posttest mean difference of 23.18 points
between the two classes.

The distribution of pretest and posttest
scores is presented in the following tables to
give a clearer picture of the spread of
students' abilities in each class.

Table 2. Frequency Distribution of Pretest Scores for the Control and Experimental Classes

Interval (Control) | Freq. Percentage Interval Freq. Percentage
(Experimental)
37.50-40.00 2 8.33% 38.75-41.25 2 8.33%
40.00-42.50 2 8.33% 41.25-43.75 2 8.33%
42.50-45.00 5 20.83% 43.75-46.25 9 37.50%
45.00-47.50 8 33.33% 46.25-48.75 6 25.00%
47.50-50.00 4 16.67% 48.75-51.25 3 12.50%
50.00-52.50 1 4.17% 51.25-53.75 2 8.33%
52.50-55.00 2 8.33% - - -
Total 24 100% Total 24 100%

Based on Table 2, the control class
pretest results show the highest-frequency
interval at 45.00-47.50 with 8 students
(33.33%), while the lowest frequency was at
50.00-52.50 with 1 student (4.17%). For the

experimental class, the highest frequency was
in the 43.75-46.25 interval with 9 students
(37.50%), while the lowest frequency
occurred at 38.75-41.25 and 41.25-43.75,
each with 2 students (8.33%).
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Table 3. Frequency Distribution of Posttest Scores for the Control and Experimental Classes

Interval (Control) | Freq. Percentage Interval Freq. Percentage
(Experimental)
56.25-58.75 3 12.50% 78.75-81.25 3 12.50%
58.75-61.25 8 33.33% 81.25-83.75 2 8.33%
61.25-63.75 3 12.50% 83.75-86.25 2 8.33%
63.75-66.25 3 12.50% 86.25-88.75 10 41.67%
66.25-68.75 3 12.50% 88.75-91.25 4 16.67%
68.75-71.25 0 0.00% 91.25-93.75 3 12.50%
71.25-73.75 1 4.17% - - -
Total 24 100% Total 24 100%

Based on Table 3, the control class
posttest results show the highest frequency at
58.75-61.25 with 8 students (33.33%). The

meanwhile, show the highest frequency in the
86.25-88.75 interval with 10 students
(41.67%), and 17 of 24 students (70.83%)

experimental  class  posttest  results, scored above 86.25.
Table 4. Normality Test Result (Shapiro-Wilk)
Data Shapiro-Wilk W Sig. Conclusion
Pre-test Experimental 0.933 0.112 Normal
Post-test Experimental 0.944 0.195 Normal
Pre-test Control 0.982 0.922 Normal
Post-test Control 0.967 0.600 Normal

Referring to Table 4, all significance
values (Sig.) in both groups exceed 0.05,
indicating that all data satisfied the normality
assumption and were therefore suitable for
parametric statistical testing.

Next is the homogeneity test, used to
determine whether the two groups' data have
equal variance. The results are presented in
Table 5.

Table 5. Homogeneity Test Result (Levene’s Test)

Data Levene Statistic df1l df2 Sig./ Conclusion
Pre-test 0.477 1 46 0.493—Homogeneous
Post-test 0.174 1 46 0.679-Homogeneous

Based on the Table 5, both significance
values exceed 0.05, indicating that the
variances of the two groups are homogeneous
and that the analysis can proceed to
hypothesis testing.

An Independent Samples t-test, using a
significance level of 5% (a = 0.05), was
employed to determine whether the post-
treatment mathematical problem-solving
abilities differed significantly between the
experimental and control groups.
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Table 6. Independent Sample T-Test Result

Sig. (2- Mean 95% CI .
t df tailed) Difference Lower 95% C1 Upper
Equal variances 90,880 46 < 0.001 23178 sl o0is
assumed

Based on the Independent Sample T-
Test results in Table 6, the significance value
in the Sig. (2-tailed) column is p < 0.001 <
0.05, so HO is rejected and Ha is accepted.

The analysis revealed a statistically
significant difference in posttest
mathematical ~ problem-solving  ability
between the experimental and control groups.
The experimental group obtained a mean

score of 86.51, whereas the control group
achieved a mean score of 63.33, representing
a mean difference of 23.18 points.

Cohen's d effect size analysis was
conducted to quantify the impact of the
Wordwall-assisted TAI model on students'
mathematical problem-solving ability. The
corresponding results are presented in Table
7.

Table 7. Effect Size Analysis Results (Cohen's d)

Cohen's d Standardizer

95% CI Lower

95% CI Upper Category

6.028 3.845

-7.372

-4.669 Very Large Effect

Based on Table 7, a Cohen's d value of
6.028 (the absolute value of -6.028) was
obtained, with a Standardizer of 3.845. The
Cohen's d value was calculated by dividing
the posttest mean difference between the
experimental and control groups by the
pooled standard deviation, namely d = (86.51
— 63.33) / 3.845 = 6.028. Because the sign
depends on group coding, the effect is
interpreted using its absolute value. This
value lies far above the threshold for the Very
Large Effect category (> 1.20) according to
Sawilowsky (2009), and the 95% confidence
interval (-7.372 to -4.669) does not cross
zero, indicating that this effect size is robust.

The discussion below connects these
analytical findings with relevant learning
theories and findings from previous studies.
Pretest scores revealed that students in the
experimental and control groups began the
study with similarly low levels of
mathematical problem-solving ability (a
difference of 1.46 points). This indicates that
many students still struggled with
understanding the problem, planning an
appropriate strategy, and systematically
organizing solution steps, consistent with the
findings of Sari et al. (2024) and Putri &
Warmi (2022). This equivalence in initial
conditions is an important basis for
interpreting the posttest difference between
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the two groups as an effect of the treatment
given, rather than simply a difference in
students' initial characteristics.

After treatment, the experimental class
improved by an average of 39.74 points, far
higher than the control class's improvement
of only 18.02 points, producing a final
difference of 23.18 points that proved
statistically significant (p < 0.001) with a
very large effect size (Cohen's d = 6.028).

The experimental class's advantage
can be explained through several interrelated
mechanisms. First, the syntax of the TAI
model requires students to work on the
material individually first (the Student
Creative phase) before discussing it within
heterogeneous groups (the Team Study
phase). This sequence gives students the
opportunity to independently construct their
initial understanding including at the stages
of understanding the problem and planning a
strategy within Polya's (1973) framework
before their misconceptions are corrected
through discussion and peer tutoring. This
process of students explaining concepts to
one another aligns with the principles of
positive interdependence and individual
accountability in Slavin's (1995) cooperative
learning, which positions more capable
students as facilitators for their peers while
simultaneously = deepening their own
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understanding through the act of re-
explaining (Rahmayanti et al, 2023).
Second, integrating Wordwall into the Fact
Test phase provides instant feedback on
students' answers. This immediate feedback
allows students to recognize errors at the
carrying-out-the-plan  and  looking-back
stages the two Polya stages most often
neglected by students before those errors
carry over into subsequent problems, so that
the cycle of practice and correction proceeds
faster than in conventional instruction, which
typically offers correction only after all
problems have been completed. Wordwall
presents statistics practice problems as
interactive games with real-time score
displays, making students more enthusiastic
and motivated to work through problems,
consistent with Awal Sabiila (2024) and
Roliasari et al. (2025), who likewise reported
that integrating Wordwall into cooperative
learning enhances students' understanding.
Third, the gamification elements of scoring

It should be noted that this study has
several limitations that must be considered
when interpreting the findings above. First,
the study was conducted at only one school
with a relatively short intervention duration
(three sessions), so it cannot yet confirm
whether the observed effect persists over the
long term. Second, the study is limited to a
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and competition in Wordwall are thought to
increase students' affective engagement,
making them more persistent in trying
alternative solving strategies when their
initial approach fails, rather than giving up as
tends to occur in one-way lecture-based
instruction.

In contrast, in the control class using
conventional instruction, student activity
tended to be passive and centered on the
teacher's explanations. Students mostly
imitated the example problems provided
without being trained to articulate their
thinking process or devise strategies
independently. This caused the improvement
in mathematical problem-solving ability in
the control class to be less optimal than in the
experimental class. This finding supports
Sya'bani et al. (2024), who noted that teacher-
centered instruction leads to low student
engagement, leaving students passive with
limited opportunities to independently
develop problem-solving ability.
single topic namely statistics so generalizing
to other mathematics topics should be done
with caution. Third, the effect size obtained
(Cohen's d =6.028), which far exceeds values
reported in similar previous studies, may also
have been influenced by the specific
characteristics of the sample and the school
context.
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Figure 1. Sample Student Answer, Experimental Class
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Figure 2. Sample Student Answer, Control Class

A comparison of sample posttest
answers from students (Figures 1 and 2)
reveals a clear difference between the two
classes based on Polya's stages. The
experimental class students' answers were
organized systematically according to Polya's
stages from recording the known and asked
information, planning a strategy, correctly
carrying out the procedure, through to
drawing a conclusion. Control class students'
answers, by contrast, tended to jump directly
to calculation without systematic problem-
solving steps and did not include a final
conclusion. This difference illustrates that the
Wordwall-assisted TAI model successfully
trained students to solve problems in an
orderly, structured manner.

These findings align with the study by
Harahap et al. (2022), who found that the TAI
model significantly improved problem-
solving ability from 17.5% to 90%. Nduru et
al. (2023) likewise showed that the TAI
model produced a higher posttest average
than conventional instruction. Similarly,
Yundiana et al. (2020) demonstrated a
significant effect of the TAI model without
supporting media on the problem-solving
ability of eighth-grade students, while
Fadlilah et al. (2021), who combined TAI
with interactive video, obtained a high-
category effect size (ES = 0.844). Aswil et al.
(2025) confirmed that TAI with structured
LKPD produced a significant effect with a
Cohen's d of 0.82 (large category).

This study obtained a substantially
larger Cohen's d value of 6.028, indicating
that integrating Wordwall as a digital
gamification medium further strengthens the
effectiveness of the TAI model compared
with similar previous studies that did not
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employ interactive digital media. The
consistency across these studies lies in the
consistent direction of TAI's effect on
problem-solving ability, while the difference
lies mainly in the magnitude of the effect size,
which is considerably higher in this study a
difference most plausibly attributable to the
contribution of Wordwall's gamification
elements rather than to the characteristics of
the TAI model alone. The gamification
elements within Wordwall create an
enjoyable, competitive learning environment
that motivates students to participate actively
and persist in solving problems, thereby
contributing to a substantial improvement in
mathematical ~ problem-solving  ability
relative to previous studies that applied the
TAI model without digital media support.

CONCLUSION

This study demonstrates that the
Wordwall-assisted Team Assisted
Individualization (TAI) learning model has a
significant and very large effect on the
mathematical problem-solving ability of
eighth-grade students at SMP Swasta Cerdas

Murni in statistics material, with the
experimental class's improvement far
exceeding that of the control class. This
finding  reinforces  Slavin's  (1995)

cooperative learning theory and shows that
integrating digital gamification can serve as
an alternative strategy for more active and
collaborative mathematics learning at the
junior secondary level. Given that this study
was limited to one school, one topic, and a
short treatment duration, future research is
recommended to test this model with other
topics, educational levels, and longer
intervention durations.
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