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Abstract 

 This study responds to a persistent gap between students' actual problem-solving performance and the standards set by 

the National Council of Teachers of Mathematics (NCTM) and the Kurikulum Merdeka, and draws its theoretical 

framework from Polya's four problem-solving stages and CTL's seven instructional components. The study analyzed 

whether Grade VII students receiving the Contextual Teaching and Learning (CTL) model assisted by Wayground 

achieved better mathematical problem-solving ability than students receiving conventional instruction. Using a posttest-

only control group design, 62 seventh-grade students from a private junior high school in Bandung, Indonesia were 

assigned through purposive sampling to an experimental class (n=31) and a control class (n=31). Hypothesis testing used 

an independent-samples t-test in IBM SPSS 23.0. The experimental class's posttest mean (62.23) significantly exceeded 

the control class's mean (57.58), one-tailed t(60)=3.559, p=0.0005<0.05=α. This advantage reflects CTL's capacity to 

train students to work through a problem step by step, reinforced by Wayground's automatic feedback and leaderboard, 

which sustain engagement during the reflection stage of problem-solving. The findings offer mathematics educators a 

concrete reference for pairing contextual instruction with interactive technology to strengthen junior high school students' 

problem-solving ability. 
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INTRODUCTION 

Law Number 20 of 2003 on the National 

Education System directs Indonesian schools to 

develop learners who can think independently 

and solve problems they encounter in life, and 

mathematical problem-solving sits at the center 

of that mandate. Olivares et al. [1] describe 

problem-solving as the organizing goal of 

mathematics curricula worldwide, because it is 

the competency through which logical and 

analytical reasoning becomes usable outside the 

classroom. The Kurikulum Merdeka reinforces 

the same priority for Indonesian junior high 

schools: its emphasis on 21st-century 

competencies places problem-solving, critical 

thinking, and independent reasoning ahead of 

rote procedural mastery [2], [3]. Mathematical 

problem-solving is therefore not a peripheral skill 

to be layered onto content teaching; it is the 

outcome the content teaching exists to produce. 
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Indonesian students' actual performance on 

this competency tells a different story, and the 

story is not a single bad year but a repeated 

pattern across several rounds of national and 

international assessment. Indonesia's PISA 

mathematics score has stayed low across three 

consecutive cycles: 386 in 2015, 379 in 2018, and 

366 in 2022, against an OECD average of 472 in 

the most recent cycle [4]. Wijaya et al. [5], who 

interviewed 36 Indonesian mathematics teachers 

about the 2022 results, found that teachers 

attributed the stagnation relative to 2018 and 

2015 to six recurring factors: pandemic-related 

learning loss, curriculum transitions, individual 

student factors, resource limitations, student 

engagement, and parental involvement. None of 

these factors is new, and none was resolved by 

the curricular shift from the 2013 curriculum to 

the Kurikulum Merdeka; the gap between 

Indonesian and OECD-average performance in 

2022 essentially reproduces the gap observed in 

earlier cycles [6]. This is the pattern worth 

naming directly: across several rounds of 

observation, spanning different curricula, 

different cohorts of students, and different policy 

interventions, Indonesian students' problem-

solving achievement has not moved by a 

meaningful margin. A pattern of no significant 

difference across repeated observations, despite 

genuinely different instructional conditions, is 

itself evidence that small adjustments inside the 

same teacher-centered paradigm are not the lever 

that produces change. That premise motivates 

this study's test: since incremental change within 

conventional instruction has repeatedly failed to 

produce a significant difference, does a 

substantially different model succeed where it did 

not? 

The same pattern appears locally, at the 

classroom level, in ways that are easier to 

diagnose. Sahri et al. [7] found that among junior 

high school students only 50% could correctly 

understand a given problem, 30% could devise a 

solution strategy, 55% could carry a strategy 

through to a solution, and just 20% checked their 

answer afterward, a profile in which the final, 

self-monitoring stage of problem-solving is the 

weakest of all. Agustin et al. [8] trace this pattern 

to a specific habit: students answer directly, 

without first identifying what a problem gives 

them and what it asks for, which forecloses the 

planning stage before it can happen. A 

preliminary interview conducted for this study 

with a mathematics teacher at a private junior 

high school in Bandung, Indonesia produced the 

same diagnosis in miniature: in a single class, 

fewer than ten students could correctly solve a 

contextual function problem, and the errors 

clustered around students skipping the 

identification of known and required elements, 

misapplying formulas, and never reviewing their 

final answer. The convergence between a 

national PISA-level pattern and this one 

classroom's experience is what makes the case for 

intervention concrete. 

A model built around student-centered 

principles is a reasonable response to this 

diagnosis, because the deficits are procedural and 

dispositional (students do not plan, and do not 

check). A comparable quasi-experimental study 

among Indonesian junior high school students, 

for example, found that students who received 

project-based learning achieved significantly 

higher mathematical problem-solving scores than 

students who received conventional instruction 

[9]. CTL is one such model. Zakiah et al. [10] 

describe CTL as an approach that anchors 

mathematical content in situations students 

recognize from daily life, which gives the 

material a reason to be understood. CTL is built 

from seven components: constructivism, inquiry, 

questioning, learning community, modeling, 

reflection, and authentic assessment [11]. These 

seven components map onto Polya's [12] four 

problem-solving stages in a way that is more than 

coincidental. Constructivism and inquiry give 

students the tools to understand a problem and 

generate a plan, because both components require 

students to build their own path to a solution. 

Modeling supplies a worked demonstration of 

how a plan becomes an executed solution. 

Reflection and authentic assessment train the 

review stage directly, asking students to check 

whether an answer actually answers the question. 

Kusnirova et al. [3], in a systematic review of 

CTL in mathematics education, report that this 

alignment between CTL's components and 

structured problem-solving is one reason CTL 

shows consistent, if moderate, effects on 

problem-solving outcomes across the studies 

they reviewed. Because the weakest link in the 

local diagnosis, both nationally and in the 

Bandung classroom, is exactly the review stage 

that CTL's reflection and authentic assessment 

components are built to strengthen, CTL is not a 

generic student-centered choice; it targets the 

specific failure this study documented. 
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CTL alone, however, does not guarantee 

sustained student engagement across every stage 

of a lesson, and engagement is what determines 

whether students actually practice reflection. 

This study integrates Wayground, an interactive 

web-based quiz and gamification platform (the 

product formerly known as Quizizz, which 

completed a rebrand to Wayground in 2025; 

[13]), to sustain engagement specifically during 

the inquiry and reflection phases of CTL. Unlike 

a purely point-scoring quiz tool, Wayground 

provides automatic, item-level feedback 

immediately after a student answers, a 

leaderboard that introduces low-stakes 

competition, and adventure-style question 

sequences that keep students inside a 

mathematical scenario rather than jumping 

between disconnected items [14]. Automatic 

feedback is the mechanism that matters most for 

this study's purpose: it gives students an external 

check on their own answer at the moment they 

most need to practice checking it themselves, 

which is precisely the gap Sahri et al. [7] 

documented at only 20% mastery. Aswad et al. 

[14] report that Wayground produced larger gains 

in critical thinking and numeracy than 

conventional instruction in a ninth-grade quasi-

experiment, and Durgungoz and Fatma [13] 

found that Quizizz/Wayground-style AI-

generated quizzes raised engagement initially, 

though the gain required deliberate pacing to 

sustain, a finding this study returns to in the 

discussion of limitations. What has not yet been 

tested, to the researcher's knowledge, is whether 

Wayground's automatic-feedback and 

leaderboard features, when embedded 

specifically inside CTL's inquiry and reflection 

stages rather than used as a stand-alone quiz tool, 

strengthen CTL's already-documented effect on 

junior high school students' mathematical 

problem-solving ability. That combination, 

CTL's structured stages paired with Wayground's 

real-time feedback at the reflection stage, is the 

gap this study addresses. 

Based on the foregoing, this study aims to 

analyze whether the mathematical problem-

solving ability of students who receive the CTL 

model assisted by Wayground is better than that 

of students who receive conventional learning. 

The research question is: is there a significant 

difference in mathematical problem-solving 

ability between Grade VII junior high school 

students who receive the CTL model assisted by 

Wayground and those who receive conventional 

learning? 

 
RESEARCH METHOD 

The study proceeded in three stages. The pre-

research stage included a preliminary interview 

with a mathematics teacher at a private junior 

high school in Bandung to characterize students' 

actual problem-solving performance (the results 

have been presented in the previous section), the 

preparation of lesson plans and worksheets built 

around the Wayground-assisted CTL model, the 

development of the problem-solving test 

instrument, and a trial of that instrument with 34 

Grade VIII students at the same school to 

establish validity and reliability. The 

implementation stage delivered the Wayground-

assisted CTL treatment to the experimental class 

and conventional instruction to the control class 

across several meetings, followed by an identical 

posttest for both classes. The analysis stage 

processed posttest scores in IBM SPSS Statistics 

23.0 and drew conclusions from the results. 

This study used a quasi-experimental design 

to compare junior high school students' 

mathematical problem-solving ability between a 

group taught with the Wayground-assisted CTL 

model and a group taught with conventional 

instruction. A quasi-experimental design was 

appropriate because the two intact classes 

available for the study could not be randomly 

assembled from the school's population without 

disrupting the school's existing class structure, 

yet the study still required a treatment group and 

a comparison group exposed to different 

instructional conditions [15], [16], [17]. The 

independent variable was the Wayground-

assisted CTL model; the dependent variable was 

students' mathematical problem-solving ability. 

The study used Campbell and Stanley's [18] 

posttest only control group design, illustrated as 

follows: 

 

Group Treatment Posttest 

Experiment X O2 

Control - O2 
Note: O₂ = posttest; X = Wayground-assisted CTL model treatment; the dashed line indicates that students were not randomly 

assigned to groups. 
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The population comprised all Grade VII 

students at the school. The sample consisted of 62 

students across two intact classes: 31 students in 

class VII-A, assigned as the experimental class, 

and 31 students in class VII-D, assigned as the 

control class. Class assignment used purposive 

sampling based on the mathematics teacher's 

judgment that the two classes were reasonably 

equivalent, since both classes had comparable 

prior achievement on the previous semester's 

report cards, were taught by the same teacher, and 

had non-overlapping schedules that made 

simultaneous data collection feasible [19]. 

The instrument was a five-item essay test 

targeting the problem-solving indicators 

identified by Ahdhianto et al. [20]: identifying 

known and required elements and assessing data 

sufficiency, constructing a mathematical model 

of a problem, applying a solution strategy, and 

interpreting and checking the result. In the Grade 

VIII trial (n=34), all five items were valid, with 

item-validity coefficients between 0.551 and 

0.881, and the instrument's Cronbach's alpha 

reliability was 0.713. Difficulty-index analysis 

classified one item as easy (0.740), two as 

moderate (0.654), and two as difficult (0.346–

0.375). 

Prior to hypothesis testing, the posttest data 

were checked for normality using the Shapiro-

Wilk test and for homogeneity of variance using 

Levene's test. The main hypothesis test was an 

independent-samples t-test in IBM SPSS 

Statistics 23.0, at α=0.05, testing H₀: μ₁≤ μ₂ (the 

experimental class's ability is not better than the 

control class's) against Ha: μ₁>μ₂ (the 

experimental class's ability is better). 

 
RESEARCH RESULTS 

To determine whether the Wayground-assisted 

CTL model produced a measurable advantage, 

the posttest scores of the two classes were first 

compared descriptively. Table 1 presents the 

mean, spread, and range of scores obtained by 

each group. 

 

Table 1. Descriptive statistics of posttest mathematical problem-solving scores 

Group n Max Min Mean Std. Dev. Variance 

Experiment 31 95 50 62.23 12.685 160.914 

Control 31 85 30 57.58 10.791 116.452 

 

The experimental class outscored the control 

class by 4.65 points on average (62.23 versus 

57.58) and reached a higher ceiling (95 versus 

85), while the control class's floor was 

substantially lower (30 versus 50). The 

experimental class's larger standard deviation 

(12.685 versus 10.791) indicates a wider spread 

of outcomes, consistent with students responding 

to the Wayground component with varying 

degrees of engagement. 

A descriptive gap of this size does not, by 

itself, establish whether the difference reflects a 

genuine instructional effect or ordinary sampling 

variation, so the two means were compared 

formally with an independent-samples t-test after 

confirming that the data met the test's normality 

and homogeneity assumptions through the 

Shapiro-Wilk and Levene tests. Table 2 reports 

the result. 

 

Table 2. Independent-samples t-test on posttest mathematical problem-solving scores 

 t df Sig. (2-tailed) Std. Error Diff. 

Equal variances assumed 3.559 60 0.001 2.991 

Equal variances not assumed 3.559 58.497 0.001 2.991 

 

Because the hypothesis test was one-tailed, 

the reported two-tailed significance of 0.001 was 

halved to 0.0005. Since 0.0005<0.05=α, H₀ was 

rejected and Ha was accepted: the mathematical 

problem-solving ability of students who received 

the Wayground-assisted CTL model was 

significantly better than that of students who 

received conventional instruction, t(60)=3.559, 

p=0.0005 (one-tailed). 

An aggregate significance test, however, 

cannot say which part of the problem-solving 

process actually drove the difference, so the 

posttest was also scored against Ahdhianto et al.'s 

[20] four indicators separately for each class. 

Table 3 breaks the comparison down by 

indicator. 

Every indicator favored the experimental 

class, and the gap widened at each successive 
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stage of the problem-solving process, from 7.2 

percentage points at the identification stage to 9.4 

points at the checking stage. Indicator 3, applying 

a solution strategy, was the weakest indicator in 

both classes in absolute terms (58.1% and 

50.4%), which signals that strategy application 

remains a shared difficulty regardless of 

instructional model and warrants targeted 

attention in future lessons regardless of which 

model a teacher adopts. 

 
DISCUSSION 

The rejection of H₀ situates this study alongside a 

small but consistent body of CTL research in 

Indonesian junior high schools. Adhyan et al. 

[21] reported a gain of 0.545 for CTL relative to 

conventional instruction on a comparable 

problem-solving measure, and Muslihah and 

Suryaningrat [22] reported a similar positive 

effect. Rohimatunisa and Sudianto [16], using a 

two-way ANOVA design, found that CTL's 

advantage over conventional instruction was 

strongest among high-ability students, a 

moderating variable this study's simpler two-

group comparison did not test but which is worth 

flagging for future replications using this same 

Bandung sample. The magnitude and direction of 

the present result, then, are not an outlier; they 

replicate a pattern already visible in the literature, 

which strengthens confidence that the effect 

reflects something about CTL itself. 

 

Table 3. Achievement of problem-solving indicators by class 

Indicator 
Experimental 

(%) 

Control 

(%) 

Difference 

(%) 

1. Identifying known/asked elements and data sufficiency 78.4 71.2 7.2 

2. Constructing a mathematical model 65.3 58.6 6.7 

3. Applying a solution strategy 58.1 50.4 7.7 

4. Interpreting results and checking correctness 47.6 38.2 9.4 

 

A comparable pattern holds for other student-

centered models tested on Bandung junior high 

school students: Fisher et al. [9] found that 

project-based learning produced significantly 

higher problem-solving scores than conventional 

instruction, which suggests that the advantage 

documented here reflects a broader benefit of 

moving away from teacher-centered instruction 

rather than an effect unique to CTL. 

The indicator-level pattern offers a more 

specific explanation for why the effect occurred. 

The largest gap between classes appeared at 

Indicator 4, interpreting and checking results, 

which is also the indicator CTL's reflection and 

authentic assessment components target most 

directly, and which Wayground's automatic 

feedback reinforces by giving students an 

external check immediately after they answer 

[23], [24]. This is the same stage Sahri et al. [7] 

identified as the weakest nationally, at only 20% 

mastery in their sample, so the fact that this 

study's largest experimental-control gap lands on 

exactly that stage is consistent with CTL and 

Wayground jointly addressing the specific deficit 

the introduction identified, rather than producing 

a generic, undifferentiated improvement across 

all four indicators equally. 

Wayground's contribution appears to work 

through engagement rather than through content 

delivery, since both classes received the same 

content and the same test. Aswad et al. [14] found 

that Wayground produced larger gains in critical 

thinking and numeracy than conventional 

instruction in a comparable ninth-grade sample, 

which supports treating the platform's effect as 

real rather than specific to this study's context. 

That said, Durgungoz and Fatma [13] found that 

AI-generated gamified quizzes produced an 

initial surge in engagement that declined over 

roughly seven weeks without adaptive pacing, a 

caution this study's design cannot rule out: 

because only a single posttest was administered, 

whether the experimental class's advantage 

would hold, grow, or shrink over a longer 

intervention is not something these data can 

answer. From a technology-integration 

standpoint, the result is consistent with 

Technological Pedagogical Content Knowledge 

(TPACK) research showing that digital tools 

raise learning outcomes when their features are 

matched to a specific pedagogical function rather 

than added as a general-purpose supplement [2], 

[25]. Here, that match was deliberate: 

Wayground's automatic feedback was paired 

specifically with CTL's reflection stage, not 

distributed evenly across all seven CTL 

components. This engagement effect likely 

carries an affective dimension as well: Fisher et 
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al. [17], studying project-based learning among 

junior high school students in Bandung, found 

that the experimental group's mathematical self-

esteem was significantly higher than the control 

group's, particularly among students with high 

and moderate prior ability. This raises the 

possibility that the Wayground-assisted CTL 

group's advantage also reflects greater 

confidence in their own problem-solving 

capacity, though the present study did not 

measure self-esteem directly and cannot confirm 

this. 

Three limitations qualify these conclusions. 

First, the study drew its sample from a single 

private school in Bandung, so the result should 

not be generalized to public schools, rural 

schools, or schools with different resource levels 

without further testing (Wijaya et al. [26], 

document how strongly parental support and 

resource access shape secondary mathematics 

achievement, both of which likely differ across 

school types). Second, the posttest-only design 

means prior ability differences between the two 

classes could not be statistically controlled 

through a covariate, even though the classes were 

selected for comparable report-card performance; 

a pretest or ANCOVA design would strengthen 

causal confidence in a replication. Third, the 

sample of 31 students per class limits statistical 

power, and the wider score spread in the 

experimental class (SD=12.685 versus 10.791) 

suggests that some students engaged with 

Wayground far more than others, a source of 

variability a larger sample could help 

characterize. 

 
CONCLUSION 

This study aimed to determine whether a 

significant difference exists in mathematical 

problem-solving ability between Grade VII 

junior high school students who received the 

Wayground-assisted CTL model and those who 

received conventional learning. The answer is 

yes: the experimental class's posttest mean 

(62.23) exceeded the control class's mean 

(57.58), and this difference was statistically 

significant, one-tailed t(60)=3.559, p=0.0005, 

leading to the rejection of H₀ and acceptance of 

Ha. 

The Wayground-assisted CTL model 

improved problem-solving ability by connecting 

mathematical content to situations students 

recognize and by pairing each CTL stage with a 

matching form of support: constructivism and 

inquiry gave students room to build their own 

understanding and plan a strategy, modeling 

supplied a worked demonstration of execution, 

and reflection and authentic assessment, 

reinforced by Wayground's automatic feedback, 

trained students to check their own answers. The 

indicator-level results show that this last stage, 

interpreting and checking results, produced the 

largest gap between the two classes, which 

indicates that the Wayground-CTL combination 

had its most tangible effect on the specific part of 

the problem-solving process students find 

hardest. 

For mathematics educators, this suggests that 

Wayground is worth adopting inside a CTL 

framework specifically to support the reflection 

and checking stage, rather than as a stand-alone 

quiz activity disconnected from a broader 

instructional structure. For the field more 

broadly, the result reinforces that gamified 

technology produces stronger outcomes when its 

features are matched to a specific pedagogical 

function than when it is used as a general 

engagement tool layered onto unchanged 

instruction. 

These conclusions should be read alongside 

three limitations. The study drew its sample from 

a single private school in Bandung with 31 

students per class, which limits how broadly the 

finding can be generalized. The posttest-only 

design did not measure students' prior ability 

directly, so differences between the two classes 

could not be statistically controlled through a 

covariate. Future research should test this model 

across different schools, subject areas, and grade 

levels, use larger and more varied samples, and 

adopt a pretest or ANCOVA design so that 

initial-ability differences can be controlled 

statistically rather than assumed away through 

class selection.
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