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 This study aims to determine the contribution of using the cooperative learning method in 

the 7th-grade mathematics course on students' academic achievement in mathematics , 

attitudes towards mathematics, and critical thinking dispositions. This study was conducted 
with 40 students in a Mediterranean region of Turkey district in the 2020-2021 academic 

year. The study was conducted with a quasi-experimental design and cooperative teaching 

methods (Student Teams-Achievement Divisions and Team-Game-Tournament technique) 

were applied in the experimental group, and the activities in the Ministry of National 

Education middle school mathematics curriculum were applied in the control group. The 
data collection tools used in the study were the "Achievement Test" developed by the 

researchers, the "Attitude Towards Mathematics Scale", and the "Critical Thinking 

Disposition Scale." The study revealed that the academic achievement of the students in both 

groups increased significantly (with a significant effect of the teaching method). Attitude 
towards mathematics scores decreased significantly in the experimental group (with a 

moderate effect of the teaching method) and increased insignificantly in the control group. 

Critical thinking disposition scores decreased insignificantly in the experimental group (with 

a moderate effect of the teaching method) and increased significantly in the control group. 

In conclusion, the cooperative learning was more effective in increasing the students’ 
academic achievement than the current curriculum. However, the method was not effective 

in increasing the mean scores of the students' attitude towards mathematics and critical 

thinking dispositions compared to the current curriculum 
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INTRODUCTION 

In today's world, countries must keep up with the times by adapting to innovations in science and 

technology. To fall behind this rapid and continuous change means to risk being behind the times. 

Adapting to development and innovations mean giving importance to education. Countries with high -

quality education systems regard education as a value which shapes the future, and educators attach 

significance to the development of affective characteristics in students as well as academic achievement. 

Developed nations with established educational systems and curriculums have focused their existing 

resources on education, developed their curriculums by considering local demographics and cultural 

norms, and emphasized practice and student-centeredness (OECD, 2018). Mathematics instruction has 

always been an essential and critical part of education systems (Özerbaş & Safi, 2022).  

Mathematics covers information which facilitates the work of individuals in all areas of their daily lives, 

at all levels of education and training. Mathematics as a universal language is a significant area for 

individuals, society, scientific research and technological developments in the constantly developing 

world (Baykul, 2014). In parallel with the developments in science and technology in today's world, the 

curriculums used in mathematics instruction have changed their philosophical basis and are intended 

to increase mathematical literacy competencies, to enable people to use mathematics in their everyday 

life, to interpret the cause-and-effect relationships of the events encountered, and to raise awareness 

that mathematics is a joint contributor to all sciences (MoNE, 2018). In addition, within the scope of 

mathematics teaching, they are designed to provide students with associative skills, and curriculums 

were developed by taking twenty-first-century skills such as critical thinking, problem-solving, 

creativity and collaboration into account (Özerbaş & Safi, 2022).   

An examination of the common goals used in implementing the educational strategies of countries with 

developed mathematics instruction suggests that teaching mathematics by its functionality in everyday 

life and the use of more effective techniques are very significant (Eurydice, 2011: 93; NCTM, 2007; 

Yenilmez & Duman, 2008). It will therefore be beneficial to develop and use teaching methods and 

techniques which will effectively increase the quality of mathematics teaching (Karalı, 2017). Since a 
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significant number of students see mathematics as a set of rules to memorize and have difficulty 

associating it with everyday life, the need for methods such as cooperative learning which ensure the 

efficient perception and comprehension of mathematics and continuity in knowledge emerges (Artut & 

Tarım, 2004). Using social and thinking skills-oriented teaching methods in which students actively 

learn and which develop teachers' cooperative learning competencies will increase the efficiency and 

permanence in mathematics teaching (Orcan, 2013: 2).  

Several studies have shown that more positive results are obtained in academic achievement in 

mathematics teaching by using cooperative techniques (Akbuğa, 2009; Gelici, 2011; Koç, 2015; Karalı, 

2017). Since cooperative learning is a teaching method applied in small groups of individuals with 

different abilities, it provides the opportunity to develop the ability to comprehend both information 

and social skills. It positively affects students' attitudes and approaches toward mathematics by 

improving their affective skills (İflazoğlu, 1999; Gök, 2006; Ural, 2007; Philips, 2010; Zakaria, Chin & 

Daud, 2010; Arısoy, 2011; Gelici, 2011; Torchia, 2012; Susanto, Bharata & Dahlan, 2018; Hossain & 

Ariffin, 2018).  

In the Turkish education system, educators think that the effective use of cooperative learning methods 

and techniques in educational processes will support the development of students' attitudes towards 

mathematics and contribute to their academic achievement. Therefore, educators must practise student-

centered teaching methods which increase comprehension and continuity in education and contribute 

to the development of social skills as well as academic achievement (Aladağ, 2005; Göktaş, 2017; 

Akkaya, 2018). 

Cooperative learning is a teaching method in which students work in groups towards a specific goal, 

and the success and reward belong to the group. It is a form of learning in which students with different 

skills in the group transfer their knowledge to each other and find solutions to a common problem 

together (Büyükkaragöz, 1997: 103). In cooperative learning, all students participate in the learning 

process and even the most passive student is involved in active learning by participating. Since it is 

student-centered, all of the students in a group can express their thoughts effectively. In addition to 

facilitating teaching, this method also facilitates knowledge retention and contributes to critical 

thinking. In this learning method, each student in the group is obliged to support the learning of the 

other students (Millis, 2010: 5-7). 

The Student Teams-Achievement Divisions technique (ST-AD) was developed by Slavin (1980) and is 

applied in five stages (cited in Bilgin, 2006; Bilgin, Aktaş & Çetin, 2014). In the first stage, the teacher 

presents the relevant topic to the students in the class in the lecture and discussion style. In the second 

stage, the students are divided into groups of four or five to represent the whole class in terms of 

academic achievement, gender or ethnicity (Johnson & Johnson, 1989). The most important task of the 

team is to prepare group members to succeed in the exams. In the third stage, the students are given 

individual exams at regular intervals. They are not allowed to help each other in these exams. The exams 

contain questions in parallel with the worksheets for the teams. If a student has performed better than 

in previous exams, he/she can receive individual progress points. Here, the student is competing with 

him/herself; there is no competition with other students. Receiving a score above the previous base score 

will cause the student to receive individual achievement points, thus contributing to the team score. To 

motivate the group, students are rewarded according to pre-determined criteria (Açıkgöz, 1992: 27-34). 

At the end of the exams, the teacher creates a student score sheet to announce the group members’ 

scores. Point sheets are used to show both the highest-performing team and the students who 

contributed the most to the team. 

As a development of the ST-AD, the Team-Game-Tournament technique (TGT) was established by De 

Vries and Slavin (1978); in this technique, after the activities, students in different teams with similar 

final success scores compete with each other (cited in Slavin, 1982: 9; Artz & Newman, 1993: 3). There 

are four main elements in the TGT technique: (Slavin, 1995). The first two stages are similar to the ST-

AD technique. Games consist of questions and a test created to measure the level of knowledge gained 

by team members from classroom briefings and group activities. During the game, three students who 

are members of different teams sit around a table and try to answer one of the numbered questions by 
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drawing. If the answer is wrong, a student is given one more opportunity to respond and if another 

wrong answer is given, the other students are given the right to respond. Tournaments express activities 

consisting of different games and are put into practice at the end of teamwork, after the teacher’s 

presentation and at the end of the units covered. Tournament tables are homogeneous. To achieve this, 

high-performing students are distributed at one table, followed by high-performing students at another 

table (Koç, 2015: 27). 

Research Purpose and Significance 

The current study was designed to investigate the contributions of cooperative learning methods to the 

academic achievement, attitudes toward mathematics, and critical thinking tendencies of seventh-grade 

students within the scope of the data analysis subject in a mathematics lesson and to develop solutions 

in line with the results. Many studies such as ABIDE (Monitoring and Evaluation of Academic Skills), 

LGS (Transition to High Schools System), PISA (Program for International Student Assessment), TIMSS 

(Trends in International Mathematics and Science Study) and PIRLS (Progress in International Reading 

Skills Study) conducted at the national level show that students’ proficiency in high -level mathematical 

literacy skills is not sufficient in Turkey (MoNE, 2017; 2019; 2020). Mathematics is a science that should 

be given importance so that students can succeed in it in many science branches. Mathematics teaching 

carried out through cooperative teaching activities is vital in bringing different ideas together, 

improving communication and instilling problem-solving habits at every stage of life and developing 

mathematical skills (Çırakoğlu, 2009: 23). 

Considering students' failures in mathematics courses and their attitudes towards mathematics, there 

is evidently an inadequacy in the curriculum in schools. Because the teachers cannot deal with the 

students one by one, the number of students in classrooms is high and the subjects are not adequately 

explained due to a lack of time all contribute to this situation. It is necessary to implement teaching 

methods to increase students' interest in mathematics and positively affect their success and attitudes. 

It therefore becomes a necessity for educators to teach mathematics with more exciting methods. For 

this reason, teachers have turned to new teaching methods. One of the most important of these new 

methods is the cooperative learning method (Ünlü, 2008: 19). 

The teaching techniques studied within the scope of the cooperative learning method enable meaningful 

learning by putting the student at the center and providing efficiency in educa tion. Accordingly, 

countries need to improve their international level of mathematics (Açıkgöz, 2011). With cooperative 

learning, students develop critical thinking tendencies as they share information in addition to their 

academic knowledge. The fact that students learn different solution methods by discussing them with 

each other also contributes to the positive development of their attitudes towards mathematics (Gelici, 

2011: 18). 

In the cooperative learning method, the student is at the center and is actively involved in the study, 

and the teacher only acts as a guide. Therefore, the active participation of all students in the lesson is 

ensured. The teacher can intervene more quickly when s/he observes that a student has difficulty 

understanding the subject. The involvement of all students makes passive learners more dynamic. Since 

students with problems need to attend the lesson, in-class problems are reduced (Karaca, 2005: 63). From 

this point of view, it is thought that the development and use of methods and techniques which will 

contribute to improving the quality of mathematics teaching will be beneficial (Karalı, 2017). 

Research Problem 

This study investigated whether the cooperative learning method affected students' academic 

achievement, attitudes towards mathematics and critical thinking tendencies in the teaching process of 

the data analysis sub-learning area in the seventh-grade mathematics lesson, and sought answers to the 

following questions; 

- What is the level of the effect of the cooperative learning method on students' 

academic achievement in the data analysis sub-learning area of the seventh-grade 

mathematics lesson? 
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- What is the level of the effect of the cooperative learning method on students' attitudes  

towards mathematics in the data analysis sub-learning area of the seventh-grade 

mathematics lesson? 

- What is the level of the effect of the cooperative learning method on students' critical 

thinking dispositions in the data analysis sub-learning area of the seventh-grade 

mathematics lesson? 

 

METHOD 

Research Design 

This research was a quasi-experimental study in which measurements were made before and after the 

experiment. In experimental research models, data are generated under the observation of the 

researcher to determine any cause-and-effect relationships. In the model, no special effort is made to 

equalize the elements through unbiased selection, but the necessary action is taken to ensure that the 

group members work in harmony with each other (Karasar, 2014: 97). The independent variables of the 

research were the ST-AD and TGT cooperative learning techniques. The dependent variables were 

mathematics achievement, attitude towards mathematics and critical thinking disposition. As a result 

of the research, it is hoped to show the effect of the independent variable on the dependent variables. 

Research Working Group 

In the study, a criterion sampling model was used to determine the participants. Reviewing and 

analyzing all instances which satisfy a pre-set threshold of relevance is the process of criterion sampling. 

(Patton, 2002: 238). It is the study of all situations which meet a predetermined set of criteria. The 

researcher creates the criterion, or a previously prepared criteria list can be used (Marshall & Rossman, 

2014). The criteria for determining the sample for this study were defined as follows: the experimental 

and control groups in the study consisted of 40 students attending a children’s club who were studying 

in five different secondary schools in in a Mediterranean region of Turkey in the first semester of the 

2020-2021 academic year.  

Instruments 

Achievement Test in Data Analysis Learning Area 

To develop an achievement test to be used by the researchers as a measurement instrument before and 

after the application, the seventh-grade mathematics curriculum was first examined, the learning 

outcomes related to the learning area were determined and a  specification table was prepared 

accordingly. The questions asked in the PISA and TIMSS exams and the questions asked in the 

achievement comprehension exams prepared by the MoNE were examined, and an Achievement Test 

consisting of questions related to the targeted learning outcomes of the data analysis sub-learning area 

was prepared. The draft achievement test was reviewed by three mathematics teachers and three 

mathematics field experts. Necessary adjustments were then made in compliance with the feedback 

received, and the final version of the Data Analysis Achievement Test consisting of 32 questions was 

created. 

The achievement test was applied as a pilot study to 70 eighth-grade students who had taken the 

mathematics course in accordance with the learning outcomes of the related subject in the previous year. 

Based on the data obtained in the pilot study, the Kuder Richardson (KR-20) test was used to determine 

item difficulty and the discrimination values and reliability values of the test. The results showed that 

the item difficulty value was 0.62, and the item discrimination value was 0.48. The fact that the 

coefficients obtained were above 0.40 indicated that the test items were usable. The KR-20 reliability 

coefficient was 0.883, and the fact that it was close to 1 indicates that the reliability value was sufficient 

(Atılgan, Kan & Doğan, 2014). 

After the pilot application, the achievement test was applied to the students of both groups as a pre-

test, and the KR-20 value was found to be 0.91. After the application to the participants, the achievement 

test was again applied as a post-test to the students of both groups; the KR-20 value was found to be 

0.87. 
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To test the reliability of the achievement test, the researchers also conducted a test-retest reliability study 

and administered the test twice at a specific interval. The higher the test-retest reliability, the less the 

scores obtained from both tests will be affected by factors other than the test. As a result of the test-retes t 

reliability study, the Pearson Product Moment Correlation Coefficient was calculated as 0.98. This 

showed the level of compatibility between the scores obtained from the test application at different 

times and that the test could make stable measurements (Atılgan et al., 2014). 

Attitude toward Mathematics scale 

The study used the Attitude Towards Mathematics Scale developed by Önal (2013). Th is scale was 

composed of 22 items and four sub-dimensions to measure middle-school students’ attitudes towards 

mathematics. These dimensions were determined as interest, anxiety, study and necessity. A sample 

item from each sub-dimension is presented below: 

‘I would be happy to use mathematical concepts in other lessons.’ (Interest sub-dimension) 

‘I think my friends are better at math than me.’ (Anxiety sub-dimension) 

‘I repeat the topic before the math exams.’ (Study sub-dimension) 

‘I do not use mathematics in any area of my social life.’ (Necessity sub-dimension) 

The items in the scale were prepared as a five-point Likert type. Factor analysis was performed to find 

the internal consistency of the whole scale and the Cronbach’s Alpha value was found to be 0.90 (Önal, 

2013). The Cronbach’s Alpha values of the internal consistency of the entire scale were found to be 0.83 

and 0.68 respectively in the tests conducted before and after the implementation. The fact that the values 

obtained were close to 1 indicates the scale’s reliability (Can, 2018: 388-391). 

Critical Thinking Disposition Scale 

The Critical Thinking Disposition Scale, adapted into Turkish by Kılıç and Şen (2014), was used in the 

study. The scale consists of 25 items and three sub-dimensions. These sub-dimensions are participation 

(ten items), cognitive maturity (eight items) and innovativeness (seven items). A sample item from each 

sub-dimension is presented below: 

‘While solving problems, I am confident that I can reach a logical conclusion.’ (Participation sub-dimension) 

‘Even if reaching the truth makes me uncomfortable, I strive for it.’ (Cognitive maturity sub-dimension) 

‘I try to find more than one solution to problems.’ (Innovativeness sub-dimension) 

The items in the scale were again prepared as a five-point Likert type. The internal consistency 

Cronbach’s Alpha value for the whole scale was 0.91 (Kılıç & Şen, 2014). The internal consistency 

Cronbach’s Alpha value of the whole scale was found to be 0.88 in both the pre-and the post-application 

tests. The fact that this value was close to 1 indicates high reliability (Can, 2018). 

The Learning and Teaching Procedure in the Experimental and Control Groups 

In the study, the following procedures were applied to the experimental and control group students to 

obtain the required data. 
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Figure 1. The Procedure of the Application 

 
 

Before the application, the students in the experimental group were informed about cooperative 

learning. The researchers tried to introduce the practices which the participants would do with similar 

applications. It was ensured that the students working together actively participated in the applications. 

Subsequently, achievement test, attitudes towards mathematics and critical thinking disposition scales 

were administered to the experimental and control groups as pre-tests. In the experimental group, the 

lesson was taught using a lesson plan created by the researchers in accordance with the cooperative 

learning techniques ST-AD and TGT. In contrast, in the control group, the lesson was taught using a 

lesson plan created by the researchers in accordance with the available curriculum. The study took place 

over a total of four weeks. After the applications, the achievement test, attitudes towards mathematics 

and critical thinking disposition scales, which were administered as pre-tests, were reapplied to the 

experimental and control group as post-tests. The applications to the two groups were completed at the 

same time, in parallel with each other. 

In the application of ST-AD technique, first, the method was introduced to the experimental group 

students, who were divided into five teams, each with four members. The students were divided into 

heterogeneous groups based on their academic achievements and year-end grades. After the teacher’s 

lecture presentation, sample questions were solved and activities prepared for the students were carried 

out. Worksheets related to these activities were distributed to the students, who were asked to solve 

them within the rules of the cooperative learning method. At the end of each subject studied, individual 

outcome assessment exam papers were distributed to the students, and it was evaluated whether the 

required achievement had been made on the subject. Individual progress scores were determined by 

comparing the initial scores of each student in the group (or the average of previous exams) with the 

scores which they received from the achievement assessment exams (the difference between them). The 

team scores were determined by taking the average of the students' individual progress scores divided 

by four. 

In the application of the TGT technique, after the activity was completed, the teacher assigned members  

from different teams with the same academic success to homogeneous groups to represent their teams 

in tournaments. In these homogeneous teams, members with the same success level competed among 

themselves. At the end of the tournament, all students wrote their names and returned their points and 

Achievement test, attitude towards mathematics and critical thinking disposition scales, which 
were administered as pre-tests, were reapplied to the experimental and control groups as post-

tests 

In the experimental group, the lesson was taught using cooperative learning whilst in the 
control group, the lesson was taught using the available curriculum

Achievement test, attitude towards mathematics and critical thinking disposition scales were 
administered to the experimental and control group as pre-tests

The students in the experimental group were informed about cooperative learning. 
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playing cards to the teacher, who then gave scores. At the end of the tournament, the teacher determined 

the first team according to the scoring. 

Data analysis 

The data obtained from the study groups were analyzed with the help of package programs in the 

computer environment within the scope of the problems addressed in the research. To determine 

whether there was a statistically significant difference between the mean scores of the experimental and 

control group students, the first of the assumptions that must be met in order to apply parametric tests 

such as an independent samples t-test and to obtain beneficial results is that the data whose means are 

compared must be normally distributed. The p-value found according to the normality test result of the 

pre- and post-achievement tests applied to the experimental and control groups showed that normality 

was ensured (p>0.05). To evaluate the result properly, the Kolmogorov-Smirnov test is recommended if 

the number of data items is above 50, and the Shapiro-Wilk test is recommended if the number of data 

points is below 50 (Can, 2018: 89). The skewness and kurtosis coefficients were found to be -1.30 and -

0.568 in the experimental group and -0.689 and -0.694 in the control group. The fact that these values 

were between -1.96 and +1.96 indicates that the distribution can be considered normal (Can, 2018).  

The second assumption to be met is that each set of data must be independent of the other. The third 

assumption requires that the variances of the groups be equal. Levene's test was performed to determine 

the similarity of the variances of the groups, and the p-value was found to be 0.751. A p-value greater 

than 0.05 indicates no significant difference between the variances (Can, 2018: 116-121).  

As a result of the comparing the achievements, attitude towards the mathematics course pre-tests , 

attitude towards the mathematics course attainment scores, and critical thinking tendency attainment 

scores of the experimental and control group students, normality was ensured. Hence, it was 

determined that it was appropriate to use the independent samples t-test, one of the parametric tests, to 

compare the scores of the two groups.  

When the pre- and post-tests of attitude towards the mathematics course and critical thinking 

disposition of the experimental and control group students were compared, it was seen that the data 

series formed by the differences of the data whose means were compared had normal distribution 

characteristics. It was therefore determined that it was appropriate to use the paired samples t-test due 

to the normality in the distribution of differences between measurements in the comparison of the pre-

test and post-test scores. 

When the achievement test scores and critical thinking disposition pre-test scores of the students of both 

groups were compared, it was seen that the data did not have normal distribution characteristics. 

Accordingly, it was determined that the Mann-Whitney U test, which is an alternative used when there 

are abnormalities in the distribution of independent samples t-test data, was appropriate for the 

comparison of achievement scores and critical thinking disposition pre-test scores. 

When the pre-tests and post-tests of the experimental and control group students’ achievement tests 

were compared, it was seen that the data series formed by the differences of the data whose means were 

compared did not have a normal distribution. It was therefore determined that it was appropriate to 

use the Wilcoxon Signed Ranks Test, which is an alternative to the paired samples t-test when there are 

anomalies in the distribution of differences between measurements in the comparison of pre-test and 

post-test scores. 

 

RESULTS 

Findings regarding the Achievement Test 

To address the question What is the difference between the maths achievement scores of the experimental and 

control group students before the application?, an independent samples t-test was applied and the means 

and statistical values of the scores obtained by the students from the mathematics achievement test are 

given in Table 1. 
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Table 1. Experimental and Control Groups’ Pre-Test Achievement Scores t-Test Results 

Group N Mean SD df t p 

Experimental 20 63.28 23.62 38 -0.105 0.917 

Control 20 64.06 23.59    

As seen in Table 1, in the pre-test applied to determine the mathematics achievement levels of the 

experimental and control group students before the application, the mean mathematics achievement 

scores of the students in the experimental group were x=63.28 and those of the students in the control 

group were x=64.06. A t-test was conducted to determine whether the difference in the scores between 

the two groups was significant or not, and t(38) = -0.105 was obtained. The fact that the p=0.917 value is 

greater than the significance (0.05) value shows no significant difference when the mathematics 

achievement of the students of the two groups is compared. 

The Wilcoxon Signed Ranks test was applied to determine the address the question What is the difference 

between the achievement scores of the students in the experimental group in the pre-test and post-test applications? 

and the statistical values obtained are shown in Table 2. 

Table 2. Wilcoxon Signed Ranks Test Results of the Experimental Group Achievement Scores Before 

and After the Application 

Post-test- Pre-test N Mean Rank Rank Sum z P 

Negative ranks 17 9 153 -3.653 0.00* 

Positive ranks 0 0 0   

No difference 3     
*p<.05 

As a result of the Wilcoxon Signed Ranks test, a significant difference was found between the 

achievement post-test and the achievement pre-test (z=-3.653, p<0.05). The fact that the score differences  

before and after the application were in favor of negative ranks indicates that the application made a 

significant contribution to increasing achievement. Although the Wilcoxon test indicated that the 

difference between the mean scores before and after the intervention was significant, the magnitude of 

the difference was not clear. The effect size therefore had to be found in addition to the statistical 

significance level (Can, 2018). Dividing the z value found as a result of the Wilcoxon test by the square 

root of the number of data shows the effect size (Connolly, 2007): 

d= z / √ n  

d= -3.653 / √ 20 = - 0.82 (effect size value) 

According to Can (2018: 141), a d value greater than 1 indicates a very large effect, 0.80 indicates a large 

effect, 0.5 indicates a medium effect and 0.2 indicates a small effect. In the study, an effect size of 0.82 

was found. This value shows that the cooperative teaching approach had a significant effect on the 

achievement of the experimental group students. 

The Wilcoxon Signed Ranks test was applied to address the question What level of difference is observed 

when the pre-test and post-test mathematics achievement score means of the students in the control group are 

compared? The values found as a result of the statistical analysis are shown in Table 3. 

Table 3. Wilcoxon Signed Ranks Test Results for the Control Group Pre-Test and Post-Test 

Achievement Scores 

Post-test- Pre-test N Mean Rank Rank Sum z p 

Negative ranks 16 8.78 140.50 -2.444 0.01* 

Positive ranks 2 15.25 31   

No difference 2 2    
*Based on negative ranks 

The Wilcoxon Signed Ranks test showed a significant difference between achievement post-test and 

achievement pre-test mean scores (z=-2.44, p< 0.05). The fact that the difference in scores is more in the 

direction of negative ranks shows that the application significantly contributed to increasing 

achievement. The value of the effect size found after the analysis was 0.57. This result showed that the 

current teaching approach contributed positively to the achievement of the students in the control 

group, but this effect was moderate. 
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The Mann-Whitney U test was applied to address the question What is the difference between the maths 

achievement test scores of the students in the experimental and control groups?  and the values found are given 

in Table 4. 

Table 4. Mann-Whitney U Test Results for the Experimental and Control Group Mathematics 

Achievement Test Scores 

Group N Mean Ranks Rank Sum U p 

Experimental 20 8.60 444 166 0.33 

Control 20 5.47 376   

In Table 4, the Mann-Whitney U test result shows the students’ achievement scores in both groups. The 

achievement scores were obtained by subtracting the pre-test scores from the post-test scores in 

mathematics achievement. When the achievement scores of both groups were compared (U=166, 

p>0.05), a statistically significant difference was found (Can, 2018: 130). 

Findings Regarding Attitudes towards Mathematics  

To address the question What is the difference between the attitude towards mathematics lesson scores of the 

students in the experimental and control groups before the application?, the independent samples t-test was 

applied, and the means and statistical values of the scores obtained by the two groups of students from 

the attitude towards mathematics scale are shown in Table 5. 

Table 5. Results of the Experimental and Control Groups' Attitude towards Mathematics Pre-test 

Scores  

Group N Mean SD df t P 

Experimental 20 81.40 12.80 38 -0.158 0.87* 

Control 20 82.00 11.17    
p<.05 

As presented in Table 5, in the pre-test applied to determine the attitude score levels of the students in 

the experimental and control groups before the application, the mean scores of the students in the 

experimental group were ̅𝑥 =81.40 and those of the students in the control group were 𝑥 ̅ =82.00. To 

determine whether the difference between the scores was significant, the t-test was applied, and t(38)= - 

0.158, p>0.05 was found. The result of p=0.875, which is greater than the significance value of 0.05, shows 

that there was no significant difference between the attitudes toward mathematics scores of the two 

groups of students. 

To address to the question What is the difference between the pre-test and post-test attitude towards 

mathematics scores of the students in the experimental group?, the paired samples t-test was applied, and the 

statistical values obtained are given in Table 6. 

Table 6. t-Test Results of the Pre-Test and Post-Test Scores of the Experimental Group's Attitud e  

Towards Mathematics 

 N Mean SD df t p 

Pre-test 20 81.40 12.80 19 2.182 0.04* 

Post-test 20 76.60 7.96    

*p<.05 

In Table 6, as a result of the tests applied to determine the pre-test and post-test scores of the 

experimental group students from the attitude towards mathematics lesson scale, the pre-test scores of 

the experimental group were 𝑥 ̅ =81.40 and the post-test scores were 𝑥 ̅ =76.60. To determine whether the 

difference between the mean pre-test and post-test scores of the experimental group students was 

significant, the t-test was applied and t(19)= 2.182 was found. The fact that the value of p= 0.042 is less 

than 0.05 significance value shows a significant difference between the attitude towards mathematics 

scores of the experimental group students after the pre-test and the post-test. 

According to the result of the paired samples t-test, there was a significant difference between the pre- 

and post-test scores, but it did not reveal any information about the magnitude of the difference. For 

this reason, in addition to statistical significance, the effect size should also be found (Can, 2018).  

Dividing the t-value found as a result of the paired samples t-test by the square root of the number of 

data items explains the effect size (Can, 2018: 141): 
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d = t / √ N  

d = 2.182 / √ 20 =- 0.49 (effect size.) 

A d value of greater than 1 is defined as a very large effect, 0.80 as a large effect, 0.5 as a medium effect 

and 0.2 as a small effect (Can, 2018: 141). In the study, an effect size value of 0.49 was found, which 

shows that the cooperative teaching approach had a moderate effect on the experimental group 

students' attitudes towards mathematics. 

To address the question What is the difference between the pre-test and post-test scores of the students in the 

control group of the study?, a paired samples t-test was applied and the scores obtained from the pre-tes t 

and post-test of attitudes towards mathematics lessons and the statistical values obtained are shown in 

Table 7.  

Table 7. t-Test Results for Attitude Towards Mathematics Pre-test and Post-test Scores of the Control 

Group 

 N Mean SD df t p 

Pre-test 20 82.00 11.17 19 -0.215 0.83 

Post-test 20 82.25 7.26    

As indicated in Table 7, in the application conducted to find the pre-test and post-test score levels of the 

students in the control group from the attitude towards mathematics lesson scale, the mean pre-tes t 

score of the control group students was 𝑥 ̅ = 82.00 and the mean post-test score was  ̅̅𝑥 ̅ = 82.25.  When the 

pre- and post-test scores of the students in the control group were compared, the t-test was applied to 

determine whether the difference was significant or not and t(19)= -0.215 was found. The fact that the 

value of p=0.832 is greater than the significance level of 0.05 indicates no significant difference between 

the pre-test and post-test results.  

To address the question What is the difference between the attitudes towards mathematics course achievement 

scores of the experimental and control group students?, the attainment scores of the students found from the 

attitude towards mathematics pre-test and post-test results and the statistical values found from the t-

Test application are shown in Table 8. 

Table 8. t-Test Results for Attitude Towards Mathematics Scores of the Experimental and Control 

Groups 

Group N X SD df t p 

Experimental 20 -4.80 9.84 38 -2.030 0.04* 

Control 20 0.25 5.19    
*p<.05 

The attitudes towards mathematics attainment scores of the students in the experimental and control 

groups are shown in Table 8. The attainment scores were determined by subtracting the scores obtained 

before the application from the scores obtained after the attitude towards mathematics application. It 

was found that the mean attitude towards mathematics attainment score of the experimental group 

students (𝑥 ̅ = -4.80) was less than that of the control group students (𝑥 ̅ = 0.25). When the values found 

were compared with an independent t-test, the result showed a statistically (t(38)= -2.030, p<0.05) small 

significant effect between the mean achievement score of the students in the experimental group and 

that of the students in the control group. 

Although the results of the independent samples t-test showed a significant difference between the two 

groups, they did not provide sufficient information about the magnitude of the difference. Hence, it was 

necessary to determine the effect size as well as the level of statistical significance. The formula for effect 

size in the independent samples t-test is given below (Can, 2018: 121): 

d = t x √ N1+N2 / N1 x N2 

d = -2.030 x √ 20 + 20 / 20 x 20 = -0.64 (effect size) 

An effect size value greater than 1 is accepted as very large, 0.80 as large, 0.5 as medium and 0.2 as small 

(Can, 2018: 141). In the study, the effect size value was found to be 0.64. This value can therefore be 

stated to be a moderate effect of the cooperative teaching approach on the attitude towards mathematics 

achievement scores of the experimental and control group students. 

Findings Related to Critical Thinking Dispositions 
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The Mann-Whitney U test was applied to address the question What is the difference between critical 

thinking disposition pre-test scores of the experimental and control group students?  and the means and 

statistical values of the scores of the experimental and control group students are presented in Table 9 . 

Table 9. Mann-Whitney U Test Results for Critical Thinking Disposition Pre-Test Scores of the 

Experimental and Control Groups 

Group N Mean Ranks Ranks Sum U p 

Experimental 20 20.65 413 197 0.93 

Control 20 20.35 407   

In the application conducted to determine the pre-test scores of the students in the experimental and 

control groups for critical thinking disposition towards mathematics course, the mean score of the 

students in the experimental group was x= 92.35 and that of the students in the control group was x= 

93.85. The Mann-Whitney U test was performed to determine whether the difference between the two 

groups was significant, and p= 0.935 was higher than 0.05, which is the significance level, indicating that 

there was no significant difference between the critical thinking disposition scores of the two groups. 

To address the question What is the difference between the critical thinking disposition pre-test and post-test 

scores of the students in the experimental group of the study?, the paired samples t-test was applied, and the 

pre-test and post-test mean scores and statistical values obtained by the students in the experimental 

group are shown in Table 10. 

Table 10. t-Test Results for Critical Thinking Disposition Pre-test and Post-test Scores of the 

Experimental Group 

 N Mean SD df t p 

Pre-test 20 92.35 11.62 19 0.536 0.59 

Post-test 20 90.75 8.98    

As seen in Table 10, in the application conducted to determine the pre-test and post-test scores of the 

experimental group students from the scale of critical thinking disposition towards mathematics 

lessons, the mean of the pre-test scores of the experimental group students was 𝑥 ̅= 92.35 and that of the 

post-test scores was 𝑥 ̅ = 90.75. To compare the pre-test and post-test scores of the experimental group 

students, the t-test was performed to explain whether the difference was significant or not and t(19)= 

0.536 was found. The value of p=0.598 was greater than the significance level of 0.05, indicating that 

there was no significant difference between the pre-test and post-test scores.  

To address the question What is the difference between the critical thinking disposition pre-test and post-test 

scores of the students in the control group of the study?, the paired samples t-test was applied, and the means 

and statistical values of the scores obtained by the students from the critical thinking disposition scale 

are shown in Table 11. 

Table 11. t-Test Results for Critical Thinking Disposition Pre-test and Post-test Scores of the Control 

Group 

 N Mean SD df T p 

Pre-test 20 93.85 13.20 19 -2.369 0.02* 

Post-test 20 96.15 12.61    
*p<.05 

As Table 11 shows, in the application conducted to determine the pre-test and post-test scores of the 

students in the control group from the critical thinking disposition scale for the mathematics course, the 

mean of the pre-test scores of the control group students was 𝑥 ̅= 93.85 and that of the post-test scores 

was 𝑥 ̅= 96.15. A t-test was conducted to determine whether the difference between the pre-test and post-

test scores of the control group students was significant or not and t(19)=-2.369 was found. The fact that 

the significance level of p=0.029 was less than 0.05 showed that there was a significant difference 

between the pre-test and post-test scores. 

Although the results of the paired samples t-test showed a significant difference between the two means 

in the pre-test and post-test, they did not give information about the magnitude of the difference. To 

find that magnitude, the effect size should be determined in addition to the statistical significance (Can, 

2018: 140). Dividing the t-value found in the paired samples t-test by the square root of the number of 
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data items expresses the effect size (Can, 2018): 

d = t / √ n 

d = -2.369 / √ 20 =- 0.53 (effect size) 

An effect size value greater than 1 is defined as a very large effect, 0.80 as a large effect, 0.5 as a medium 

effect and 0.2 as a small effect (Can, 2018: 141). In the study, the effect size was found to be 0.53. In this 

case, the cooperative teaching practice had a moderate effect on the critical thinking disposition of the 

experimental group students. 

To address the question What is the difference between the critical thinking disposition scores of the students 

in the experimental and control groups?, the independent samples t-test was applied and the means and 

statistical values of the scores obtained by the students from the critical thinking disposition scale are 

shown in Table 12. 

Table 12. t-Test Results for Critical Thinking Disposition Scores of the Experimental and Control 

Groups 

Group N X SD df T p 

Experimental 20 -1.60 13.36 38 -1.242 0.22 

Control 20 2.30 4.34    

As Table 12 shows, the critical thinking disposition attainment scores of the students in the experimental 

and control groups were compared. The attainment scores were determined by subtracting the pre-tes t 

scores from the critical thinking disposition post-test scores. It was found that the mean attainment score 

of the students in the experimental group (𝑥 ̅ = -1.60) was smaller than that of the students in the control 

group (𝑥 ̅ = 2.30). When these means were compared with the independent t-test, there was no 

statistically significant difference found between the mean attainment score of the students in the 

experimental group and that of the students in the control group (t(38)= - 1.242, p> 0.05). 

 

CONCLUSION and DISCUSSION 

At the beginning of the study, the students’ achievement scores in the experimental and control groups  

in the pre-test application in the mathematics lesson were close to each other and the achievement levels  

of both groups were similar. After the cooperative learning method activities were implemented, a 

significant difference was observed between the achievement test scores of the experimental group 

students in the pre- and post-application tests in the mathematics course, with a high level of effect size. 

There was a significant difference between the achievement test scores of the students in the control 

group, who studied in accordance with the current curriculum, from the pre-test and post-test 

applications in the mathematics course. The findings showed that there was a statistically significant 

difference between the students’ achievement test scores in both groups. 

In the study, the application of the ST-AD and TGT cooperative teaching methods and techniques was 

performed for one month of twenty lesson hours, and it was concluded that the cooperative learning 

technique was more effective in increasing the academic achievement of the students than the current 

curriculum. Although the academic achievement of the experimental and control groups increased, it 

was seen that the increase in the success level of the group working with the cooperative method was 

higher than that of the group working with the current curriculum. 

The result that cooperative learning methods are more effective in raising academic achievement than 

traditional methods has been reported in previous studies. In studies at various grade levels, it was 

found that cooperative teaching methods applied with ST-AD and TGT techniques contributed more 

positively to students' academic achievement in mathematics courses compared with the current 

curriculum (Ünlü, 2008; Gelici, 2011; Karalı, 2017; Çırakoğlu, 2009; Akbuğa, 2009 and Koç, 2015). In 

other studies conducted with cooperative teaching methods, it was shown that students' academic 

achievement increased more than in the current curriculum (İflazoğlu, 1999; Yıldız, 2001; Effandi, 2003; 

Kolawole, 2007; Genç, 2007; Ural, 2007; Şen, 2008; Göktaş, 2017; Çelik, 2017; Akkaya, 2018; Tshering & 

Dorji, 2022). Zenginobuz (2005) and Hazer (2013), however, reported no significant difference between 

the achievement levels of the cooperative teaching group and the group taught with the current teaching 

method. 
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This result may be due to some of the strengths of cooperative teaching. Cooperative teaching is 

perceived as a teaching method which contributes to the development of students' academic success, 

social skills, attitudes and self-confidence (Slavin, 1991; Johnson, Johnson & Holubec, 1993; Williams, 

2005). Panitz (2000) stated that when used effectively, the cooperative teaching method improved 

students' thinking skills and their interest in study and mathematics lessons positively. In addition, their 

self-confidence increased, their anxiety about the lesson decreased and they had the opportunity to get 

to know other friends. In the cooperative learning method, students interact with more educational 

materials and this increases their interest in learning (Johnson, Johnson & Holubec, 1993). 

Cooperative learning increases interest and participation in the course from an academic point of view 

and allows students to evaluate what has been learned from different perspectives. In addition, this 

approach develops students' social skills, such as listening to each other with respect and valuing each 

other's opinions while communicating, which contributes to an increase in their academic success 

(Johnson, Johnson & Smith, 1991; cited in Williams, 2005). Also, it supports the development of self-

esteem and positive attitude, and helps to eliminate the anxiety and fear of failure towards the lesson 

(McLean, 1992). 

In the study, before the application, the pre-test attitude scores of the experimental and control group 

students towards the mathematics course were very close and the attitude scores of both groups  

towards mathematics were very similar. After the implementation, it was found that the attitude scores 

of the students in the experimental group towards mathematics had decreased significantly in the post-

test application compared with the pre-test application. This decrease is thought to be due to the 

students' failures in their previous experiences of mathematics courses, their perception of mathematics 

as challenging, and variables which could not be controlled due to the conditions of the implementation 

of the research. It was observed that the post-test attitude scores of the students in the control group 

towards mathematics increased slightly compared with the pre-test attitude scores, but the increase was 

not significant. 

In previous studies, similar results have been obtained. In a study in which the Team-Assisted 

Supported Individualization technique was applied, it was found that it did not have a significant effect 

on the attitudes of fifth-grade students towards mathematics (İflazoğlu, 1999: 60), and in another study 

in which the Team Game Tournament supported with Student Teams and Achievement Sections (TGT 

Supported with STAS) was applied; it was found that there was a non-significant decrease in students' 

attitudes toward mathematics (Karalı, 2017: 124). The implementation conditions and process of those 

studies were not more effective on students' attitudes towards mathematics than the method in the 

current curriculum. 

According to the results of the current study, the relationship between the attitude attainment scores of 

the students in the experimental and control groups towards the mathematics course was at a higher 

level and there was a statistically significant difference in favor of the attitude attainment scores of the 

students in the control group than those of the students in the experimental group. The cooperative 

learning techniques ST-AD and TGT were applied over four weeks and it was seen that these techniques  

were not effective in increasing the attitude towards mathematics in the experimental group students 

who were taught using the cooperative teaching method compared with the control group students 

who were taught using the existing method. It was found that the attitude towards mathematics scores 

of the experimental group students who received cooperative teaching decreased significantly, whilst 

the control group students who received an education with the current teaching methods increased at 

a non-significant level. 

In previous studies, it has been shown that cooperative teaching is not significantly more effective in 

terms of attitudes towards mathematics than teaching with existing teaching methods. For example, 

Gelici (2011) and Karalı (2017) studied an algebra course and reported that the cooperative practice was 

less effective at a non-significant level compared with the current teaching method. Ural (2007), Akbuğa 

(2009) and Göktaş (2017), in studies conducted at different grade levels, all found that the cooperative 

teaching method in a mathematics course was more effective on students' attitudes towards 

mathematics than the current teaching method. İflazoğlu (1999) and Genç (2007) reported that it did not 
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change students' attitude scores towards mathematics. As can be understood, therefore, different results 

have been reported in the literature. 

The findings of the current study showed that the critical thinking disposition scores of the experimental 

and control group students before implementation were found to be close to each other. It was found 

that there was no significant difference between the two groups regarding critical thinking disposition 

mean scores and that the experimental and control groups were similar regarding critical thinking 

disposition. 

When the critical thinking disposition scores of the students in the experimental group before and after 

the application were compared, the post-test score had decreased at a non-significant level compared 

with the pre-test score. The critical thinking disposition scores of the control group students in the post-

test increased significantly compared with the pre-test. It can be interpreted that the efforts of the MoNE 

in recent years to develop curriculums designed to raise individuals who produce knowledge and can 

use it in their everyday lives and tend to think critically have contributed to this result. In the 

curriculums, the aim is to develop students’ skills from primary school to high school at all levels and 

for them to be ready for higher education and professional life (MoNE, 2018).  

The findings also showed that the mean achievement scores of the students in the experimental group 

were lower than those of the students in the control group. Although there was a difference between 

the achievement scores of the experimental and control group students, it was not a significant 

difference. 

In conclusion, the findings showed that the cooperative teaching technique was ineffective in increasing 

the mean scores of the students' critical thinking disposition compared with the current curriculum. At 

the same time, they showed a significant difference in the group which studied with the current 

curriculum. In a previous study on critical thinking disposition, it was found that the critical thinking 

skill test scores showed a non-significant increase, which is similar to the results of the current study 

(İflazoğlu, 1999).  

Many studies have been conducted in recent years to explore how cooperative teaching methods and 

techniques affect students’ academic achievement and social skills. In many of these studies, it has been 

found that cooperative practices do contribute to students' academic achievement at a higher level than 

the practices conducted in line with the available curriculum. It has been concluded that th is 

contribution is more effective, especially for intermediate-level students, and helpful in increasing 

students' self-confidence. Previous studies have also shown that it will support the positive 

development of communication between students as well as their academic achievement (Bosfield, 

2004; Gelici, 2011; Olson, 2002; Ural, 2007; Whicker, 1999). 

Implications 

• Cooperative learning methods in mathematics lessons should be initiated at the first stages of 

education, and students should be made aware of group work and exchange information with 

each other. Thus, the mathematics achievement of students in the first years of education can 

be increased and their attitudes towards mathematics can be improved. 

• The textbooks and mathematics-related materials used by teachers in education should be 

prepared in a cooperative learning context. 

• Different cooperative teaching methods and techniques can also be used in applications to show 

their effects on students' development. 
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