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Abstract  
 
21st-century education requires students to be skilled and excel in science, technology, and 
mathematics, but many countries complain about declining student achievement. Therefore, 
teachers can apply the right learning strategy to improve student learning outcomes. This study 
aimed to determine the differences in student learning outcomes taught using the TTW (Think 
Talk Write) type cooperative learning model and the NHT (Numbered Head Together) learning 
model on matrix material. The type of this research is experimental research. This research uses a 
research design, namely The posttest group design. The population in this study were all students 
of class XI Public Senior High School 19 West Seram, a total of 40 students. The sample in this 
study used saturated sampling, namely class XI MIA1 with a total of 20 students and class MIA2 
with a total of 20 students, so the total sample in this study was 40 students. The instrument used 
in this study is a test instrument consisting of description questions. The results showed that 
students' math learning outcomes with the TTW model were superior to those taught with the 
NHT model. Therefore, the TTW model can be recommended for improving students' 
mathematics learning outcomes on matrix topics. 
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INTRODUCTION 
 

Mathematics is one of the sciences that is essential in developing science, 
technology, and other sciences (Schoenfeld, 2016). In addition, mathematics is also a 
fundamental science that is a benchmark for the development and progress of technology 
(Niess, 2005). Some consider mathematics to be one of the most challenging subjects. 
However, some consider mathematics easy, enjoyable, and stimulating for students' 
creativity (Schindler & Lilienthal, 2020). In addition, mathematics provides skills for a 
person to think logically and systematically when solving problems (Laurens et al., 2018). 
It is essential to recognise that students in each class have different abilities and show 
different achievements. Unfortunately, in teacher-led learning, all students are required to 
learn from the teacher in the same way at the same pace (Yeh et al., 2019). The results of 
a study in the USA showed that students' low math learning achievement came from 
students of low economic background (Clarke et al., 2015). It starts with poor numeracy 
skills at kindergarten entry and continues with low achievement in math until high school 
(Randel et al., 2016). In addition, students have perceived math to be a complex and 
dreadful subject in recent decades (Aguilar, 2021). Many students get low scores when 
taking tests (Li & Schoenfeld, 2019). The factor that results in low student learning 
outcomes is that mathematics learning in schools is delivered by teachers using a 
conventional approach. Studies have reported that students with higher literacy skills tend 
to have better science and mathematics skills (Öztürk et al., 2020). Students must be able 
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to read and understand texts, understand diagrams and graphs, and use written language 
to communicate their thinking to solve complex science and mathematics problems. 
Therefore, students with good literacy skills are better prepared to learn and succeed in 
science and mathematics (Sarsale et al., 2024). It impacts students' math learning 
outcomes, who can only achieve scores of 50-60 and cannot achieve 80-100 
(Agustyaningrum et al., 2020). The problem is caused by the teacher who needs to 
deliver material in a fun way (Capinding, 2022). 

The goals of teaching mathematics depend on one's conceptualisation of what 
mathematics is and what it means to understand mathematics. Conceptualisations of 
mathematics vary widely. At one end of the spectrum, mathematical knowledge is seen as 
a body of facts and procedures dealing with quantities, magnitudes, and shapes and the 
relationships among them; mastery of mathematics is seen as mastery of these facts and 
procedures (Schoenfeld, 2016). Many factors cause students' low mathematics learning 
achievement, for example, the classic problem of applying conventional learning models, 
namely questions and answers and giving assignments (Ismail et al., 2015; Mazana et al., 
2020). Study results in South Africa show that current mathematics teaching needs more 
attention to student activity. Teachers dominate learning activities. Teachers are even 
placed as the primary source of knowledge and function as transferring knowledge. On 
the other hand, students are more passive, positioned as learning objects, conditioned only 
to wait for knowledge transformation from the teacher. Therefore, the teacher dominates 
the class, making students more likely to be passive. As a result, the learning process in 
the classroom becomes more varied and meaningful, which impacts math learning 
outcomes (Mutodi & Ngirande, 2014). Changing the trajectory of persistently low math 
achievement requires instructional support or intervention. To equip early childhood 
educators to change this habit, teachers should identify educational opportunities that can 
potentially influence student learning outcomes (Wood et al., 2020). 

Information from several mathematics studies shows that many students still need 
help understanding matrix material (Pasani & Suryaningsih, 2021). Matrix material is one 
of the difficult math topics, so many students still need help completing operations on 
matrices, especially the multiplication operation of two matrices of the same order 
(Mobrur & Hamed, 2014). Students still make mistakes when completing the 
multiplication of matrices of the same order. It is due to the need for more student 
attention in learning, resulting in student interest in learning needs to be more optimal 
(Inganah, 2018). It is stated that some of the reasons why students have difficulty in the 
material of the matrix are the first difficulties being that the terms are abstract. The 
second is that the application field is unfamiliar to students. The third is that most 
students do not yet know the method of proof. Textbooks are one of the important tools 
that are easy to use and accessible to all students; information is given directly, can be 
used continuously, can be referred to at any time and can replace verbal educational 
interruptions (Aygör & Burhanzade, 2014; Tatira, 2024). Teachers must design learning 
that makes students active in the learning process (Leasa et al., 2021). A learning model 
is a plan or pattern used to form a curriculum, design learning materials, and guide 
learning in the classroom or others. The learning model can be used as a pattern of 
choice, meaning that teachers can choose an appropriate and efficient learning model to 
achieve learning objectives (Reyk et al., 2022). 

Cooperative learning, in general, requires students to work in small groups or 
teams to assist each other in understanding the subject matter (Slavin & Cooper, 1999; 
Johnson et al., 2014). Cooperative learning is a learning strategy that enhances learning 
by involving students of different knowledge levels in group activities. Cooperative 
learning has different forms of models, each of which has specific characteristics and 
advantages. The Johns Hopkins University School of Social Organization Center has 
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created and analysed a cooperative-based learning paradigm (Slavin & Cooper, 1999). 
According to Slavin (1980), the differences in cooperative learning are centred on two 
main components: the reward system and student tasks. The three reward structures are 
based on group incentives for each learning, group incentives for group output, and 
individual incentives. However, in other conditions, the application of cooperative 
learning is also without rewards. Students carry out group-centred and individual task 
structures. The group-centred task structure describes all members of the group doing the 
learning. The cooperative learning model is learning that prioritises cooperation among 
students to achieve learning goals (Slavin, 2015). In other words, cooperative learning is 
an approach where small groups of students work together and maximise learning 
conditions to achieve learning goals (Leasa et al., 2019). Therefore, this study 
extrapolates the problem with a cooperative model in improving students' mathematics 
learning outcomes. 

The think-talk-write (TTW) learning model is a learning model that can develop 
students' understanding and communication skills (Larrosa, 2010; Richgels, 2013). This 
strategy constructs thinking, reflection, and organising ideas. Furthermore, students have 
to write based on their ideas. Think-talk-write includes 3 phases consisting of (1) 
Students learn the material (thinking), (2) Students discuss the results of learning the 
material (speaking), (3) Students write down the ideas obtained from the speaking stage 
(writing) (Supandi et al., 2018). The TTW learning model can encourage students to 
think, talk, and write down a specific topic by familiarising them with solving problems, 
forming communication, and developing critical and creative skills (Suwarto et al., 2021). 
The flow of the TTW model starts from student involvement in thinking or dialoguing 
with themselves after the reading process, talking and sharing ideas with their friends, and 
then writing the results of the discussion. This model is more effective in heterogeneous 
groups of 3-5 students. In this group, all students were asked to read, make small notes, 
explain, listen, share ideas with friends, and then express them through writing (James et 
al., 2018). In addition, it can be encouraged with another cooperative model, which is 
NHT (Numbered Head Together). 

The NHT-type cooperative learning model provides opportunities for students to 
share ideas and consider the most appropriate answers, increasing the spirit of student 
cooperation (Maman & Rajab, 2016) NHT is also a cooperative learning model 
incorporating a unique teacher-questioning strategy that actively engages students while 
improving their academic scores and behavioural outcomes (W. C. Hunter et al., 2016). 
The NHT-type cooperative learning model provides opportunities for every student to be 
involved in learning. Numbered means numbering, and Head Together means thinking 
together, so the NHT learning model is thinking together according to the number 
(Haydon et al., 2010). NHT cooperative learning also encourages students to improve 
their cooperation. This model can be used for all subjects and all levels of learners 
(Maheady et al., 2006; Leasa, 2016). NHT is a learning model where each student is 
given a number, then a group is created, and then the teacher calls the number of the 
student randomly (Maheady et al., 1991; Leasa et al., 2016). This study aims to determine 
the differences in student learning outcomes taught with the TTW-type cooperative 
learning model and the NHT learning model on matrix material. 
 
 
METHODS 
 

The type of research used was quantitative research with a posttest-only group 
design, which was included in the quasi-experimental design (Pseudo-experimental 
design). This Quasi quasi-experimental design does not use random assignment because, 
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in reality, it is difficult to get a control group used in research (Landrock, 2017). This 
pseudo-experiment has a treatment seen from the learning outcomes of students taught 
with the TTW cooperative learning model and the NHT model with the research design, 
which can be presented in Table 1. 

 
Table 1. The Posttest-Only Group Design 

Group Treatment The post Test 
E1 P1 T  E2 P2 

Description 
P1 : Using the TTW Model 
P2 : Using the N HT Model 
T : Giving posttest for experimental class 1 and experimental class 2 

 
This research was conducted at Public Senior High School 19 West Seram. The 

population in this study were all students of class XI MIA, consisting of 2 classes, and 
the total number of samples was 40. The learning tools used in this research were lesson 
plans, teaching materials, and student worksheets. The instrument in this study was a test 
of student learning outcomes about matrix material. This study used descriptive analysis 
to determine the learning outcomes of Public Senior High School 19 West Seram 
students on mathematics learning using the TTW learning model and the NHT learning 
model on matrix material. The intended learning outcomes were from scores obtained 
using assessment techniques.  

The research instrument was developed and adapted from NCTM's Catalyzing 
Change in High School Mathematics (2018). It is used to determine the teaching 
practices of Mathematics teachers as assessed by students. The instrument consists of 8 
constructs, namely: setting learning-focused mathematical goals, carrying out tasks that 
promote reasoning and problem solving, using and connecting mathematical 
representations, facilitating meaningful mathematical discourse, asking purposeful 
questions, building procedural fluency from conceptual understanding, supporting 
productive struggle in learning mathematics, and obtaining and using evidence of 
students' thinking. The instrument had a total of twenty-five statements. The instrument 
used a four-point Likert scale and underwent pilot testing with selected Grade 10 
students excluded as respondents for this study due to its reliability. It resulted in a 
Cronbach's Alpha Coefficient of 0.73, thus rendering it a reliable instrument. In 
determining teachers' mathematics teaching practices, the following scale was used: 

 

Responses Continuum Interpretation 
4 - Always (A) 3.25 - 4.0 Very Great Extent (VGE) 
3 - Often (O) 2.50 - 3.24 Great Extent (GE) 
2 - Sometimes (S) 1.75 - 2.49 Less Extent (LE) 
1 - Never (N) 1.0 - 1.74 Least Extent (LtE) 

       Source: (Bohol & Baluyos, 2023). 
 

To determine the difference in learning outcomes in the two classes, a t-test was 
conducted by first conducting a prerequisite test, namely the normality and homogeneity 
tests. The test results were analysed. Then, the findings were applied to the final 
mathematical representation ability test for both groups. Finally, before testing the 
hypothesis, the research data were analysed using the Shapiro-Wilk and the homogeneity 
of variance tests. In addition, two-way analysis of variance (ANOVA) and Scheffe's post 
hoc test were applied to analyse the differences between the groups. All hypothesis 
testing was performed using SPSS software with a significance level of 0.05. 
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RESULTS & DISCUSSION 
 
Results 
 

After making observations, the analysis results of student learning outcomes are 
presented in Table 3. 

 
Table 3. Categories of Student Learning Outcomes 

Qualification Learning Outcomes Number of Students 
TTW NTH 

Very Great Extent (VGE) 3.25 - 4.0 1 1 
Great Extent (GE) 2.50 - 3.24 7 3 
Less Extent (LE) 1.75 - 2.49 9 12 
Least Extent (LtE) 1.0 - 1.74 2 4 

 
Table 3 shows that the class has one student who is included in the VGE 

qualification in the TTW1, while the NTH class also has one student who is included in 
the VGE qualification. In addition, there are seven students in the GE category in the 
TTW class, and the NHT class has three students in the GE category. Furthermore, the 
LE category is for TTW (9) and NHT (12), and the LtE category is in the TTW (2) and 
NHT (4) classes. The following Figure 1 presents the average value of learning outcomes 
of both classes.  

 
 
 
 
 
 
 
 
 
 

 
Figure 1. Student Learning Outcomes of Experiment Classes 1 and 2 

 
Giving different treatments to the two classes also resulted in different final results. It 

can be seen in the significant difference in the average value of student learning 
outcomes. The class taught with the TTW learning model obtained an average value of 
60.0, higher than that of the NHT learning model, which only obtained an average value 
of 55.5. The results show that the TTW learning model is superior to the NHT model. A 
normality test was carried out to find out whether the samples used were normally 
distributed, which can be seen in Table 4. 

 
Table 4. Normality Test Results 

Data Group Sig 𝑎𝑎 Kes 
TTW 0,052 0,05 Accept H0 
NHT 0,878 0,05 Accept H0 

Data Group Sig 𝑎𝑎 Kes 
 

In Table 4, it can be seen that in experimental class 1, the Sig. value is greater than 
the value of 𝛼𝛼 = 0.05, namely 0.052. The same thing also appears in experimental class 2, 

60

55,5

Experiment 1 Experiment 2
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the Sig. value is greater than 𝛼𝛼 = 0.05, namely 0.876. It means that H1 is rejected and H0 
is accepted. Thus, it can be concluded that the research taken is a normally distributed 
sample. An equality test or F test was carried out by comparing the variances of the two 
classes to determine whether the students' abilities of the two classes are homogeneous. 
The test results are shown in Table 5. 

 
Table 5. Homogeneity Test Results 

Data Group Sig 𝑎𝑎 Conclusion 
Experiment 1 and 

Experiment 2 0,440 0,05 Accept H0 

From Table 6, it can be seen that the Sig. value is greater than the value of = 0.05 
which is 0.440. This means that H0 is accepted, so the variance between the two classes 
is homogeneous. It implies that the student's ability in the two classes before being given 
treatment is homogeneous. Thus, data analysis using the T-test can be seen in Table 6. 
 

Table 6. Hypothesis testing results using t-test 
Data Group Sig (2 tailed) 𝑎𝑎 Interpretation 
Ex 1 & Ex 2 0,5 0,05 Accept H1 

 
From the results of the mean difference test above, it can be seen that the Sig. (2-

tailed) value is smaller than the 𝛼𝛼, which is 0.049 smaller than 0.05. This result shows 
that H1 is accepted and H0 is rejected. This states differences in students' learning 
outcomes in class Public Senior High School XI MIA 19 West Seram taught using the 
TTW and NHT types of Cooperative Learning Models on matrix material. Mathematics 
learning of matrix topics taught with TTW type cooperative learning model is superior to 
NHT type cooperative learning model. 
 
Discussion 
 

TTW learning begins with thinking through the material (listening), and 
alternative solutions to the reading results are communicated with presentations; then, a 
presentation report is made (Evi Widianingrum et al., 2022). The learning process using 
the TTW learning model lasted four meetings, and in the fifth meeting, the teacher gave a 
test, which was taught using the TTW-type cooperative learning model on matrix 
material. The results showed good results because they had a higher average value than 
the second experiment class taught with the NHT learning model. 

The TTW model can affect students' self-confidence. It is in line with 
Behavioristic theory, a learning theory that prioritises changes in behaviour from a 
stimulus. The emergence of student self-confidence will strengthen and motivate success 
because the higher the confidence in their abilities, the stronger the enthusiasm for 
completing their work (Kwon & Silva, 2020). The first step taken in order to build self-
confidence is to understand and believe that every human being has their strengths and 
weaknesses. Self-confidence is one of the requirements for students to develop their 
activities and creativity to achieve optimal achievement and learning outcomes. Self-
confidence will generate strength in students to create a change and self-improvement; 
besides that, students are free to direct their attention and self-improvement and achieve 
learning advantages. The TTW learning model provides students with a sense of 
confidence in learning mathematics. It explained that students' confidence with the TTW 
method was significant, so student activity increased. It can be described that TTW 
learning provides opportunities for students to develop their abilities in terms of thinking 
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in finding existing problems, writing what is known in the problem, speaking in the form 
of conveying ideas, and discussing well in solving a problem (Muis & Priawasana, 2022). 
These learning outcomes are obtained from the application of the TTW-type cooperative 
learning model, which in its application has learning stages that make students skilled in 
thinking and better understand the material being taught. This result is supported by 
Wirda et al. (2019), who stated that one of the advantages of the TTW-type cooperative 
learning model is that students understand the material taught better, and students' 
conceptualisation becomes better. TTW is a strategy that reflects and tests the 
organisation of ideas before students are expected to write them down. The application of 
the TTW strategy in mathematics learning will provide students with experience in 
solving contextual problems and improve students' writing skills, especially in organising 
ideas in mathematics. TTW also supports the idea of teaching students how to think about 
concepts, discuss their ideas, and share their results in writing (Asvini et al., 2020). 

The learning process of experimental class 2 used the NHT learning model 
following the steps. The First is numbering. The teacher presented the material in outline 
and then distributed students into groups of 4 people; because the number of students in 
the class was 20, there were five groups. After that, all students were given numbering by 
remembering the number the teacher had called. In each group, there were numbers 1 to 
4. At this stage, students followed the directions given by the teacher well. Although it 
was noisy when dividing groups and numbering, the teacher could direct students to 
return to calm. The Second stage is asking questions; the teacher provides problems to 
students by distributing materials and student worksheets to think and work together in 
groups. Then, all students discussed in groups, while the teacher monitored all students in 
all groups and provided motivation and a brief explanation of whether there were groups 
that needed help understanding. Students from each group were enthusiastic about seeing 
the material and student worksheets distributed by the teacher to discuss in their groups. 
The third is the thinking together stage. At this stage, students in each group discussed 
the problems given by the teacher in the teaching materials and student worksheets. All 
students were serious in discussing. Some groups needed clarification about the teaching 
materials and student worksheets provided, but the teacher helped explain related 
teaching materials and student worksheets distributed. After that, everyone returned to 
discussing, and the teacher monitored while providing learning motivation. The fourth 
stage is the answering stage. This stage was carried out after all students had finished 
discussing. Then, students were directed to prepare to solve the problems given. Next, the 
teacher drew the number that will write the answer first. All students who had gotten their 
numbers and gotten the same number were required to go to the blackboard and work on 
the problems given. Initially, students were worried about coming forward to solve the 
problem, but the teacher convinced them that they would be able to perform, so they 
dared to come forward and solve the problems given. After all groups finished working 
on the problems given, the teacher asked students to conclude, and students were given 
homework. Then, the teacher closed the lesson. In the learning process, students looked 
passive in completing the student worksheets and asking about material they did not 
understand. The teacher is only a facilitator ready to help groups or individuals who need 
help (Leasa et al., 2016).  

Cooperative learning is effective because it increases student opportunities to 
respond, provides faster and more frequent feedback, increases the number of completed 
learning trials, and allows students to serve as both teachers and learners. In the teacher 
role, for example, students must outline and explain academic material to peers and 
provide feedback on their performance. As learners, when they are held accountable for 
their contributions, they must verbally express what they have learned, and they are given 
multiple opportunities to participate actively (i.e., answer and ask questions). They hear 
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various explanations of their peers' problem-solving (W. Hunter & Haydon, 2013). 
Cooperative learning strategies often improve students' concept understanding and 
retention. Especially students who are active in collaborating to solve problems in peer 
groups. This finding is consistent with the observation of Ghaith (2001) that low-
achieving learners are more comfortable working in small groups than alone with more 
able peers. Classroom teachers reported that the NHT strategy was beneficial, easy to 
implement, and likely to be used in the future. The fact that teachers used NHT in the 
following year indicates a high degree of social acceptance, which is due to the fact that 
the longer students interact, the stronger the emotional bond. Finally, future researchers 
should examine the impact of NHT over a more extended intervention period. Reading 
comprehension skills tend to develop over extended periods (Haydon et al., 2010). 
 
 
CONCLUSION 
 

Students learning outcomes in experimental class 1 taught using the TTW-type 
cooperative learning model are superior to the NHT model. Thus, TTW can be 
recommended to improve students' mathematics learning outcomes on matrix topics. 
Therefore, teachers and researchers can improve students' mathematical abilities with 
other variables that can support students' academic and mathematical literacy. The 
following conclusions are drawn based on the findings: 1) Teachers have implemented 
clear and differentiated teaching practices to enhance effective mathematics learning. 2) 
Students develop a positive dynamic self-concept towards mathematics and are 
developing a positive self-concept as a learned and organised concept in Mathematics. 3) 
Students have low performance in Mathematics problem-solving tests. 4) Using 
mathematical representations that connect students' interests and experiences is an 
effective strategy and exercise in teaching problem-solving. 5) Students' ability to adapt 
to new concepts, ideas, and techniques helps them solve math story problems. 6) 
Students' problem-solving performance in Mathematics is equated to the level of teachers' 
teaching practice of using and connecting mathematical representations and students' 
dynamic self-concept in the subject. Based on the research findings and conclusions, the 
following are the recommendations. 1) Mathematics teachers must attend mathematics 
teaching training to improve mathematics competence. It will help teachers gain 
experience, knowledge, and skills from planning learning outcomes to delivering and 
assessing learning outcomes. 2) Teachers should use varied motivational strategies and 
techniques in teaching so that students can positively develop concepts in mathematics. It 
makes learning math fun and enjoyable so students feel comfortable learning. Allowing 
learners to reflect as they solve story problems helps them achieve concept positivity in 
Mathematics. 3) Teachers can use different problem-solving strategies tailored to the 
student's style of solving word problems. Learners should be given remedial instructions 
to improve their poor performance in solving word problems in Mathematics. 4) Teachers 
should use a variety of mathematical representations to explore scenarios when solving 
problems. These include diagrams, illustrations, models, graphs, actual objects, and 
contextual scenarios. It will make students easily understand the problems and solve them 
proficiently. 5) Teachers should introduce varied techniques in presenting and solving 
story problems because learners are adaptive to new ways of solving problems. With the 
dynamic concept of learners, they explore and learn as they find new concepts and ideas 
in solving Math story problems. 6) Future researchers should conduct other studies 
exploring the factors influencing students' problem-solving performance in Mathematics. 
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