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Abstract 
This study examines the effect of the Numbered Heads 
Together cooperative learning model on student motivation 
in mathematics. A quantitative approach with a quasi-
experimental design was employed, involving 61 students 
divided into two groups: 33 in the experimental class taught 
using Numbered Heads Together and 28 in the control class 
taught with conventional methods. The sample was 
determined through cluster sampling. A mathematics 
learning motivation questionnaire served as the research 
instrument, tested for validity and reliability with Cronbach’s 
alpha of 0.915. Questionnaire scores were converted into 
interval scales using the Method of Successive Interval. 
Prerequisite analysis confirmed no significant differences in 
population data, with the Kruskal–Wallis test yielding p = 
0.997 (> 0.05). Hypothesis testing using the independent t-
test revealed a significant difference in learning motivation 
between the two groups (p = 0.002 < 0.05). The findings 
demonstrate that students taught with the Numbered Heads 
Together model exhibited higher motivation in mathematics 
compared to those taught conventionally. The strength of 
this model lies in fostering individual responsibility while 
promoting positive peer interaction, which directly enhances 
student motivation in mathematics. 

 
INTRODUCTION 

Mathematics is widely recognized as a fundamental discipline that 
contributes to the development of science, technology, and various problem-
solving skills. Mathematics learning is expected to support students in 
developing logical, analytical, and systematic thinking, competencies that are 
increasingly required in both academic and everyday contexts (Manafe et al., 
2022; Omer et al., 2025). Despite continuous efforts to improve mathematics 
education through curriculum reforms and instructional innovations, many 
students continue to experience difficulties in learning mathematics. Previous 
studies indicate that one contributing factor is the relatively low level of learning 
motivation, which is often associated with students' perceptions that 
mathematics is difficult, monotonous, or lacks relevance to their daily lives 
(Marsilawati, 2022; Priliyanti et al., 2021). 
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Learning motivation has consistently been identified as one of the 
psychological factors associated with students' engagement and learning 
outcomes. Puntaswari & Mukminan (2020) defines motivation as the internal 
driving force that initiates, sustains, and directs students' learning activities 
toward specific goals. Similarly, Alfiansyah (2018); Sartika et al (2022) describe 
learning motivation as arising from both internal and external sources that 
encourage individuals to engage in learning activities. According to Uno & 
Umar (2023), learning motivation can be reflected through several indicators, 
including the desire to achieve, learning needs, future aspirations, appreciation 
of learning, engaging learning activities, and a supportive learning 
environment. These indicators are frequently used to assess students' learning 
motivation. 

Miller & Krajcik (2019); Rodríguez et al (2015) further distinguishes 
learning motivation into intrinsic and extrinsic dimensions. Intrinsic 
motivation originates from students' internal interests, curiosity, or personal 
satisfaction, whereas extrinsic motivation is influenced by external factors such 
as rewards, recognition, academic achievement, or classroom expectations. 
These two dimensions may interact in shaping students' participation and 
persistence during the learning process. Conversely, limited learning 
motivation has been associated with lower classroom engagement, reduced 
concentration, and less active participation in learning activities (Lubis, 2025), 
which may subsequently influence learning achievement (Ali et al., 2025). 

Several studies have suggested that classroom instructional approaches 
may also influence students' learning motivation. Teacher-centered instruction, 
particularly when dominated by one-way lectures, may provide fewer 
opportunities for students to actively participate in discussion, collaboration, 
and knowledge construction. Such learning conditions have been reported to 
limit students' cognitive engagement as well as opportunities to develop social 
interaction during classroom activities (Engkizar et al., 2026; Syamsidah et al., 
2018). 

In response to these challenges, student-centered instructional 
approaches have received increasing attention as alternatives for promoting 
active learning (Baroud et al., 2025; Kassymova et al., 2025). One of the 
approaches frequently discussed in mathematics education is cooperative 
learning, which encourages students to work collaboratively in small groups 
while sharing responsibility for individual and group learning (Muhammad et 
al., 2023). Among various cooperative learning models, the Numbered Heads 
Together (NHT) model introduces individual accountability by requiring each 
group member to be prepared to represent the group when selected randomly 
by the teacher. This learning structure is expected to encourage broader 
participation and peer interaction during classroom activities (Alfiansyah, 
2018). 

Although previous studies have reported positive findings regarding the 
implementation of cooperative learning, evidence concerning the effectiveness 
of the NHT model in improving students' learning motivation remains 
inconsistent across educational contexts. Differences in student characteristics, 
classroom environments, and initial academic abilities suggest that the 
effectiveness of instructional models may vary and therefore requires further 
empirical examination. In addition, relatively limited studies have explored the 
interaction between cooperative learning models and students' prior academic 
ability in influencing learning motivation, particularly in mathematics 
classrooms. 

Based on these considerations, this study investigates the effect of the 
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Numbered Heads Together (NHT) cooperative learning model on students' 
mathematics learning motivation compared with conventional instruction. 
Furthermore, the study examines whether students' prior academic ability 
interacts with the implementation of the NHT model in influencing 
mathematics learning motivation. By addressing these issues, the study seeks 
to provide additional empirical evidence regarding the implementation of 
cooperative learning in mathematics education. 

 
METHODS 

This study employed a quantitative approach using a quasi-experimental 
design with a nonequivalent control group design. This design was selected 
because random assignment of individual participants was not feasible; 
therefore, existing classes were used as the units of analysis (Arsal, 2015; 
Flannelly et al., 2018; Talaván & Rodríguez-Arancón, 2024). The study 
involved two groups: an experimental group that received instruction through 
the Numbered Heads Together (NHT) cooperative learning model and a 
control group that received conventional mathematics instruction (Engkizar et 
al., 2024; Kelley-Quon, 2018; Pureswaran et al., 2004; Roni et al., 2020). 

The study was conducted at three public senior high schools in 
Indonesia, which are hereafter referred to as School A, School B, and School 
C to maintain institutional anonymity. The population consisted of all Grade 
XI Mathematics and Science (MIPA) students distributed across 17 classes, 
comprising seven classes from School A, four classes from School B, and six 
classes from School C. Throughout this paper, the participating classes are 
identified using the codes A1–A7, B1–B4, and C1–C6, respectively. 
Participants were selected using a cluster sampling technique, and the sampling 
procedure is illustrated in Figure 1. 

 
Fig 1. Sampling procedure 

Before the sampling process, students' mathematics final examination 
scores from the first semester were collected to examine the characteristics of 
the population. Assumption testing was conducted using SPSS version 16, 
including normality and homogeneity tests. The normality test indicated that 
three classes (A7, C1, and C3) had significance values below 0.05, suggesting 
that the population data were not entirely normally distributed. Consequently, 
the equivalence of the population was examined using the Kruskal–Wallis test. 
The analysis yielded a significance value of 0.997 (p > 0.05), indicating no 
statistically significant differences in the average mathematics achievement 
among the participating classes. Based on these findings, the sampling 
procedure was continued using cluster sampling. Following the lottery 
procedure, one class from School B (n = 33) was assigned as the experimental 
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group, whereas one class from School C (n = 28) served as the control group. 
The intervention was implemented after the experimental and control 

groups had been established. Students in the experimental group received 
mathematics instruction using the Numbered Heads Together (NHT) 
cooperative learning model. The implementation followed four stages: 
students were organized into heterogeneous groups, each student was assigned 
an identification number, group members discussed the assigned mathematical 
problems collaboratively, and the teacher randomly selected one student's 
number to present the group's response. Students in the control group 
received conventional teacher-centered mathematics instruction. At the end of 
the intervention, all participants completed the learning motivation 
questionnaire (Lim, 2025; Mahida, 2012; Younus & Zaidan, 2022). 

Students' learning motivation was measured using a closed-ended 
questionnaire developed on a four-point Likert scale consisting of Strongly 
Agree (SA), Agree (A), Disagree (D), and Strongly Disagree (SD). The 
questionnaire consisted of both positively and negatively worded statements 
representing five dimensions of learning motivation: learning persistence, 
perseverance in overcoming learning difficulties, interest in learning, 
independent learning, and problem-solving ability. Instrument development 
involved four stages: preparing the questionnaire blueprint, constructing the 
questionnaire items, conducting content validation by three mathematics 
education experts, and administering a pilot study involving 37 Grade XI 
students from a class outside the research sample (Rokeman, 2024). 

Item validity was evaluated using SPSS version 16 by comparing the 
calculated correlation coefficient (r<sub>calculated</sub>) with the critical 
value (r<sub>table</sub>) at a significance level of 0.05 (df = N − 2). 
Questionnaire items with r<sub>calculated</sub> > r<sub>table</sub> 
were considered valid. The analysis indicated that 26 of the 30 questionnaire 
items satisfied the validity criterion (r<sub>calculated</sub> > 0.325). Two 
items were revised, whereas the remaining two items were excluded because 
they did not meet the required validity threshold (Adeniran & Onasanya, 2024; 
Almquist et al., 2019; Chapman, 2018; Collier, 2020). 

Instrument reliability was subsequently assessed using Cronbach's 
Alpha. As presented in Table 1, the standardized Cronbach's Alpha coefficient 
was 0.915, indicating a high level of internal consistency. 
Table 1. Reliability Statistics of the Learning Motivation Questionnaire 

Reliability Statistics Value 
Cronbach's Alpha 0.907 

Cronbach's Alpha Based 
on Standardized Items 

0.915 

Number of Items 30 
Data were analyzed using SPSS version 16. Descriptive statistics were 

first used to summarize the characteristics of the data, followed by assumption 
testing, including normality and homogeneity tests. Hypothesis testing was 
then conducted to examine differences in students' learning motivation 
between the experimental and control groups as well as the interaction 
between the instructional model and students' prior ability at a significance 
level of α = 0.05. 
 
RESULT AND DISCUSSION 
Normality Test 

Prior to the main statistical analysis, the distribution of the population data 
was examined using the Kolmogorov–Smirnov and Shapiro–Wilk tests in SPSS 
version 16. The results are presented in Table 2. 
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Table 2. Results of the Normality Test 

Note. Schools are anonymized as School A, School B, and School C. 
As shown in Table 2, three classes (A7, C1, and C3) had significance 

values below 0.05, indicating that the assumption of normality was not fully 
satisfied across the population. Therefore, the equivalence of the population was 
further examined using the Kruskal–Wallis test. The analysis produced a 
significance value of 0.997 (p > 0.05), suggesting no statistically significant 
differences in the average mathematics achievement among the participating 
classes. These findings indicate that the sampled classes were comparable prior 
to the intervention. 
Homogeneity of Variance 

Following the instructional intervention, the homogeneity of variance for 
students' learning motivation scores was examined using Levene's test. The 
results are presented in Table 3 

Table 3. Results of Levene's Test for Homogeneity of Variance 
Variable Levene Statistic df1 df2 p 

Learning Motivation 5.561 1 59 0.022 

The Levene test yielded a significance value of 0.022 (p < 0.05), indicating 
that the assumption of equal variances was not satisfied. Accordingly, 
subsequent comparisons between the two groups were conducted using the 
independent samples t-test with unequal variances assumed. 
Descriptive Statistics of Learning Motivation 

The descriptive statistics for students' learning motivation scores are 
presented in Table 4. 

Table 4. Descriptive Statistics of Students' Learning Motivation 
Group n Mean SD 

Experimental (NHT) 33 74.39 14.82 

Control 28 64.23 10.16 

The descriptive analysis indicates that students in the experimental group 
obtained a higher mean learning motivation score (M = 74.39) than those in the 
control group (M = 64.23). In addition, the experimental group exhibited greater 
variability in scores, as reflected by a larger standard deviation. 
Comparison of Learning Motivation Between Groups 

An independent samples t-test was performed to examine whether 

Tests of Normality 

Class 
Kolmogorov-Smirnova Shapiro-Wilk 

Statistic Df Sig. Statistic df Sig. 

A1 ,152 29 ,084 ,963 29 ,389 

A2 ,151 28 ,101 ,950 28 ,201 

A3 ,097 27 ,200* ,954 27 ,269 

A4 ,120 36 ,200* ,974 36 ,547 

A5 ,098 37 ,200* ,958 37 ,177 

A6 ,106 37 ,200* ,979 37 ,709 

A7 ,169 37 ,009 ,952 37 ,116 

B1 ,136 22 ,200* ,942 22 ,219 

B2 ,138 34 ,098 ,939 34 ,057 

B3 ,134 34 ,127 ,958 34 ,209 

B4 ,137 34 ,109 ,938 34 ,054 

C1 ,163 30 ,041 ,960 30 ,312 

C2 ,141 29 ,146 ,962 29 ,372 

C3 ,160 30 ,049 ,929 30 ,047 

C4 ,080 29 ,200* ,972 29 ,615 

C5 ,140 30 ,138 ,959 30 ,284 

C6 ,143 28 ,149 ,947 28 ,166 
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students who learned through the Numbered Heads Together (NHT) model 
differed in learning motivation from those who received conventional 
instruction. Because the homogeneity assumption was not satisfied, the 
interpretation was based on the results for equal variances not assumed. 

Table 5. Independent Samples t-Test Results 

Analysis t df p 
Mean 

Difference 
95% CI 

Equal variances 

assumed 

3.019 59.000 0.004 10.17 3.43–16.91 

Equal variances not 

assumed 

3.111 56.732 0.003 10.17 3.62–16.72 

The independent samples t-test showed a statistically significant difference 
in students' learning motivation between the two instructional groups (t = 3.111, 
df = 56.732, p = 0.003). Students in the experimental group obtained a higher 
mean motivation score (M = 74.39, SD = 14.82) than students in the control 
group (M = 64.23, SD = 10.16). The estimated mean difference between the 
groups was 10.17 points, with a 95% confidence interval ranging from 3.62 to 
16.72. 

Within the context of this study, these findings suggest that students who 
participated in mathematics learning through the Numbered Heads Together 
(NHT) cooperative learning model reported higher levels of learning motivation 
than students who received conventional instruction. 

The findings of this study indicate that students who participated in 
mathematics learning through the Numbered Heads Together (NHT) 
cooperative learning model obtained higher learning motivation scores than 
those who received conventional instruction. These findings are consistent with 
previous studies suggesting that cooperative learning may provide learning 
environments that encourage student participation, interaction, and engagement 
during classroom activities (Johnson & Johnson, 2019; Muhammad et al., 2023). 
The descriptive and inferential analyses presented in this study suggest that the 
collaborative structure of NHT was associated with higher levels of learning 
motivation within the context of the participating classrooms. 

One possible explanation for these findings relates to the characteristics 
of the NHT model, which combines individual accountability with collaborative 
problem-solving. During the learning process, each student was assigned an 
individual number and could be selected to represent the group's response 
(Alatise & Akinfolarin, 2025; Rambe et al., 2025). This learning structure may 
encourage students to participate more actively in group discussions because 
every member has a shared responsibility to understand the learning materials. 
Such interactions may also provide opportunities for students with stronger 
academic performance to assist their peers through peer-supported learning, a 
pattern that has also been reported in previous research (Saptono, 2024). 

The descriptive results further showed that the experimental group 
achieved a higher average motivation score than the control group. Several 
indicators of the motivation questionnaire, including persistence in completing 
learning tasks, perseverance in facing learning difficulties, and interest in 
mathematics, showed higher scores among students in the experimental group. 
These findings may suggest that collaborative learning activities encouraged 
students to become more actively involved in solving mathematical problems, 
although the present study did not directly examine changes in intrinsic 
motivation (Anidar et al., 2026; Engkizar et al., 2026; Lubis, 2025). 

Nevertheless, not all questionnaire indicators showed the same pattern. 
Some items related to preferences for working independently and boredom with 
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routine tasks did not demonstrate higher scores in the experimental group. This 
finding may indicate that students respond differently to collaborative learning 
environments depending on their individual learning preferences. Therefore, 
while NHT appeared to be associated with higher overall learning motivation in 
this study, its influence may vary across different dimensions of motivation. 

From a theoretical perspective, these findings are broadly consistent with 
cooperative learning theory proposed by Jawad et al (2021); Khairanis (2025), as 
well as the social constructivist perspective introduced by Vygotsky (1978). 
These perspectives emphasize that learning occurs through social interaction, 
shared responsibility, and collaborative knowledge construction. The group 
discussions, peer interaction, and individual accountability incorporated into the 
NHT model may provide learning experiences that support both cognitive 
engagement and motivational development. Although the present study focused 
on learning motivation, the findings provide additional empirical evidence that 
structured cooperative learning can contribute to creating classroom 
environments that encourage active student participation. 
 
CONCLUSION 

Based on the data analysis and discussion, this study found a statistically 
significant difference in mathematics learning motivation between students 
who learned through the Numbered Heads Together (NHT) cooperative 
learning model and those who received conventional instruction. Students in 
the NHT group obtained higher average motivation scores than those in the 
conventional learning group. These findings suggest that the use of the NHT 
learning model was associated with higher levels of mathematics learning 
motivation within the context of this study. Therefore, the NHT cooperative 
learning model may be considered as one alternative instructional approach for 
promoting students' learning motivation in mathematics classrooms. Future 
studies involving larger samples, different educational settings, and additional 
learning outcomes are recommended to provide broader evidence regarding 
the implementation of this learning model. 
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