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CHAPTER-1 
INTRODUCTION 

 
1.1 Background of the Study 
  

 The progress of a nation depends largely on Education, a process which involves 

teacher and the taught.  Teacher’s commitment, concern and devotion count a lot in 

making the children efficient. All over the world it has been realized that no country can 

progress without the qualitative development of its human resources. One of the 

important factors contributing to the improvement of quality in Education is competent 

and dedicated teachers. Quality, commitment, competence and character are 

undoubtedly the significant factors which make a student reputed in the society. The 

above factors depend upon the teacher-training which they receive during their pre-

service education. 

 The quality of education largely depends on the quality of instruction in the 

classroom. To improve the quality of instruction the faculty needs to understand ‘what’ 

as well as the ‘how’ of the teaching-learning process. The quality of education that 

teachers provide to student is highly dependent upon what teachers do in the classroom. 

Thus, preparing the students of today to become successful individuals of tomorrow is 

the utmost concern of any education system.  

 In the light of the above context, Kothari Education Commission (1964-66) 

observed that” the destiny of the nation is now being shaped in her classrooms”. So did 

the National Policy on Education 1986 emphasize: “The status of the teacher reflects 

the socio-cultural ethos of the society; it is said that no people can rise above the level 

of its teachers”.  



 
 

Such exhortations are indeed an expression of the important role played by the teachers 

as transmitters, inspirers and promoters of man’s eternal quest for knowledge. Hence, 

the responsibility of teachers is more when they are transacting the curriculum in the 

classroom. Their main task is not only to teach but also to develop the human resources 

which in turn build the nation. 

 The world is becoming more and more competitive. Therefore quality of 

performance has become the key factor for one’s progress. Parent’s desire is that their 

children climb the ladder of performance as high as possible. This desire for high level 

of achievement put lot of pressure on students, teachers, schools in general and the 

Educational system in particular. In globalized and competitive world, the progress of 

any nation is possible only through its education. It is a known fact that, no country can 

neglect the education of its citizens. Therefore, it is very much essential to give more 

attention to the teachers who play a significant and vital role in the classrooms.    

1.2 Teacher Education and its challenges 

 Teacher education being interdisciplinary has to draw inter alia from different 

disciplines such as philosophy, psychology, history, sociology, anthropology, life 

sciences and cultural heritage of the country. We have to develop awareness among 

teachers and teacher educators about the realities of modern Indian life and try to realize 

national values and goals enshrined in the constitution of India. The teachers have to 

develop competence in managerial and organizational skills.  

 National Curriculum Framework for Teacher Education-2009 (NCFTE) 

elaborates the context, concerns and visions, underscoring that teacher education and 

school education have a symbolic relationship. The developments in both these sectors 

mutually reinforce the concerns necessary for qualitative improvements of the entire 

spectrum of education.  

The N.P.E (1986) stated that, Teacher education is a continuous process and its pre-

service and in-service components are inseparable. All aspirants for teaching jobs need 

not have only knowledge of pedagogy and value orientation but also certain skills 

essential for teaching. 



 
 

The following are some of the emerging challenges of Teacher Education; 

 Curriculum changes should be incorporated and implemented in teacher training 

institutions. 

 Continuous professional up gradation of teacher educators to ensure quality. 

 Decision making for the improvement of teacher training programme should be 

transparent. 

 Development of mathematics, science, social sciences and language laboratories. 

 Teacher education institutions need to be networked with national educational 

bodies for continuous developments. 

 Establishing linkages between teacher education institutions and schools. 

 Promoting project work and action research. 

 Inclusion of innovative teaching strategies and information and communication 

technologies. 

 Inclusion of human values and peace education for a better professional 

development. 

 Learning is the process of changing behavioral tendencies of the learner.  The 

method of teaching differs from teacher to teacher; their aim is to reach the goal. For 

this purpose, the teacher uses various techniques or plans or strategies which can match 

the objectives of teaching as well as levels of those of pupils involved in learning.  

Depending upon the nature of the content, the teacher can select and use various models 

and techniques where ever required.  These techniques or strategies of Teaching, guide 

the teacher to make the teaching – learning process more effective. 

 There are many innovative practices which help for the development of critical 

thinking skills along with good scholastic achievement. Classroom interaction in the 

name of cooperative learning also helps for better scholastic achievement and cognitive 

abilities.  

 

 



 
 

What is Cooperative learning? 

Co-operative learning is based wholly on a variety of theories in Anthropology, 

sociology, Economics, Psychology and other related subjects. It has its roots in social- 

interdependence theory given by Vygotsky and cognitive-developmental theory of 

Piaget.  

 

1.3 Cooperative learning; An Innovative Instructional Strategy 

 Cooperative learning based on Constructivist philosophy has emerged as a 

prominent approach to teaching during the past decade. The works of Dewey, Piaget, 

Bruner, and Vygotsky provide historical precedents for constructivist learning theory. 

Constructivism represents a paradigm shift from education based on behaviorism to 

education based on cognitive theory.  

 Constructivism is seen both as Cognitive and Social constructivism. Behaviorism 

focuses on intelligence, domains of objectives, levels of knowledge, and reinforcement 

where as, cognitive Constructivism focuses on how learners construct their own 

knowledge on the basis of interaction with their environment. Constructivism is 

basically a theory based on observation and scientific study about how people learn.  

Cooperative learning is one such teaching-learning strategy where, constructivist 

philosophy is used most successfully. It is developed on the theory of Constructivism 

which embodies the idea that, best learning emerges only when students are actively 

engaged in the learning process and work in collaboration with other students to 

accomplish a shared goal. Cooperative Learning utilizes not only student’s own 

experience to strengthen knowledge, but also uses the experiences, ideas and thoughts 

of others who are in the group.  

  It is a teaching strategy which allows students to work together in small groups 

with individuals of various talents, abilities and backgrounds to accomplish a common 

goal. Each individual is responsible for learning the material and also for helping the 

other members of the team to learn. Students work until each group member 

successfully understands and completes the assignment by creating an atmosphere of 



 
 

achievement. As a result, they frame new concepts by basing their conclusions on prior 

knowledge. This process results in a deeper understanding of the material and more 

potential to retain the material. 

 

1.4 Origin and History of Cooperative Learning 

Cooperative learning is an old idea. In the first century, a Greek Philosopher Quintillion 

argued that students could benefit from teaching one another. The Roman philosopher, 

Seneca advocated cooperative learning through such statements as, "Qui Docet Discet" 

(when you teach, you learn twice).  

Johann Amos Comenius (1592-1679) believed that students would benefit both by 

teaching and being taught by other students. In the late 1700s Joseph Lancaster and 

Andrew Bell made extensive use of cooperative learning groups in England, and the 

idea was brought to America when a Lancastrian school was opened in New York City 

in 1806. 

In the last three decades of the 19th Century, Colonel Francis Parker brought his 

advocacy of cooperative learning. His fame and success rested on his power to create a 

classroom atmosphere that was truly cooperative and democratic. Following Parker, 

John Dewey promoted the use of cooperative learning groups as a part of his famous 

Project method in instruction. In the late 1930's, interpersonal competition was 

emphasized in schools. In the late 1960s, individualistic learning began to be used 

extensively. In 1980s, schools once again began to use Cooperative learning. 

1.4.1 Time Line Chart of History of Cooperative Learning 

The Following Table Shows the History of Cooperative Learning along With the Great 

Educationists Chronologically. 

 

 



 
 

Table 1.1 Time Line Chart of History of Cooperative Learning 

Year Educationists Contribution 
Early 
1900s 

John Dewey  Project Method 
 

Kurt Lewin Understanding of groups and experiential 
learning 

Jean Piaget  Cognitive Constructivism 
 

Lev Vygotsky Social constructivism 
 
 

1960s 
 
 
 
 

Stuart Cook  Research on Cooperation 
 

Kagan Research on Cooperation & Competition in 
Children  

Bruner Cognitive developmental theory 
 

Suchman  Inquiry (Discovery) Learning Movement:  

B. F. Skinner Programmed Learning, Behavior Modification 

1962 Morton 
Deutsch  

Cooperation & Trust, Conflict 

Robert Blake & 
Jane Mouton:  

Research on Intergroup Competition 

1966- 
1969 

David Johnson,  University  of Minnesota: Begins training 
teachers in Cooperative Learning 

Roger Johnson:  Joins David at U of MN 
1970 David Johnson:  Social Psychology of Education 
1973 David DeVries 

& Keith 
Edwards:  

Combined Instructional Games Approach with 
Intergroup Competition, Teams-Games-
Tournament 

1974-
1975 

David & Roger 
Johnson:  

Research Review on Cooperation/Competition 

David & Roger 
Johnson:  

Learning Together and Alone 

Mid 
1970s 

David DeVries 
& Keith 
Edwards, 
David & Roger 

Annual Symposium at American 
Psychological Association 



 
 

Johnson, Stuart 
Cook, Elliot 
Aronson, 
Elizabeth 
Cohen, others 
Robert Slavin Began Development of Cooperative Curricula  

Spencer Kagan Continued Research on Cooperation Among 
Children 
 
 

1976 Shlomo &Yael 
Sharan 

Small Group Teaching (Group Investigation) 
 

1978 Elliot Aronson Jigsaw Classroom, 
 

1981, 
1983 

David & Roger 
Johnson 

Meta-Analyses of Research on Cooperation 
 

1985 Elizabeth 
Cohen  

Designing Group work 

 Spencer Kagan:  Developed Structures Approach to 
Cooperative Learning 

1989 David & Roger 
Johnson 

Cooperation & Competition – Theory & 
Research 

Early 
1990s 

Cooperative 
Learning Gains 
Popularity 
among 
Educators 

 

1996 First Annual 
Cooperative 
Learning 
Leadership 
Conference, 
Minneapolis. 

 

Source: Johnson and Holubec (1998, p. 3:2-3:3) 
 

1.4.2 Meaning and Definitions of Cooperative learning Strategy 

“Cooperative learning is strategy that encourages student’s success by alleviating 

overt competitiveness and substituting group encouragement”. 

“It is an instructional strategy based on the human instinct of cooperation”. 



 
 

“Cooperative learning is a method where teachers place students in small teams 

with students of different learning levels”. 

 “Cooperative learning is an instructional strategy that simultaneously addresses 

academic and social skill learning by students”. 

“Cooperative Learning involves structuring classes around small groups that 

work together in such a way that each group member's success is dependent on the 

group's success”. 

Definitions: 

Definitions given by the chief proponents of different cooperative learning techniques 

are given below. 

          “Cooperative learning is a successful teaching strategy in which small teams, 

each with students of different levels of ability, use a variety of learning activities to 

improve their understanding of a subject. Each member of a team is responsible not 

only for learning what is taught but also for helping teammates learn, thus creating an 

atmosphere of achievement”- ‘Mayer (2003)’. 

“Cooperative learning is defined as students working together to "attain group 

goals that cannot be obtained by working alone or competitively" –‘Johnson, Johnson, 

& Holubec (1993)’. 

“Cooperative learning is a methodology that employs a variety of learning 

activities to improve students' understanding of a subject by using a structured approach 

which involves requiring students to create, analyze and apply concepts”-‘Kagan’, 

(1990). 

 It is clear from the above definitions that, Cooperative learning is defined as a 

teaching-learning strategy in which the students of a class engage themselves in a 

variety of useful learning activities in a cooperative and non-competitive environment 

by forming number of teams each consisting of a small number of students of different 

levels of abilities for their understanding of a subject. 

 

 



 
 

1.4.3 Theoretical Perspectives of Cooperative  Learning 

Three theoretical perspectives have guided Cooperative learning. They are; 

a) Social interdependence theory. 

b) Cognitive-developmental theory and,  

c) Behavioral theory. 

 

a) Social Interdependence Theory: 

Interaction with other people is essential for human survival. In an education 

setting, social interdependence refers to students’ efforts to achieve, develop positive 

relationships, adjust psychologically, and show social competence. The social 

interdependence perspective of cooperative learning presupposes that the way social 

interdependence is structured determines the way persons interact with each other. 

Moreover, outcomes are the consequence of persons’ interactions. Therefore, one of 

the cooperative elements that have to be structured in the classroom is positive 

interdependence or cooperation. When this is done, cooperation results in Promotive 

interaction as group members encourage and ease each other’s efforts to learn 

(Johnson, Johnson, & Holubec, 1998). 

b) Cognitive Developmental Theory:  

The cognitive developmental perspective is grounded in the works of Jean Piaget 

and Lev Vygotsky. Piagetian perspectives suggest that when individuals work together, 

socio cognitive conflict occurs and creates cognitive disequilibrium that stimulates 

perspective-taking ability and reasoning. Vygotsky’s theories present knowledge as a 

societal product (Johnson, Johnson, & Holubec, 1998). 

 

 



 
 

c) Behavioral Learning Theory:  

The behavioral-social perspective presupposes that cooperative efforts are fueled 

by extrinsic motivation to achieve group rewards (academic and/or nonacademic) 

(Johnson, Johnson, & Holubec, 1998).     

In addition to the above the other major theoretical perspective associated with 

co-operative learning is the motivational aspect given by Swortzel in 1997.  

It is considered important because, students perceive that their success or failure 

is dependent upon their ability to work together as a group. Students are likely to 

encourage each other to do whatever help the group succeeds. They are more likely to 

help each other with the task(s) at hand. Therefore, cooperative learning increases 

student motivation to do academic work (Johnson, Johnson, &Holubec, 1986). 

The use of cooperative learning also helps students clarify concepts and ideas 

through discussion and debate. Because the level of discussion within groups is 

significantly greater than in instructor led discussions, students receive immediate 

feedback, thus advancing the level of discussion. It is through this process of interacting 

with students of differing viewpoints that cognitive growth is stimulated. Emphasis is 

placed on learning how to cooperate in order to find the best possible solution to a 

problem.  

 

 1.4.4 Essential Elements of Cooperative Learning 

For a lesson to be cooperative, five basic elements are essential according (Johnson & 

Johnson, 1989; Johnson, Johnson, & Holubec, 1993). 

 Positive Interdependence:  

Positive interdependence is the perception that you are linked with others in a 

way so that you cannot succeed unless they do and vice versa, that is, their work 

benefits you and your work benefits them. It promotes a situation in which students 



 
 

work together in small groups to maximize the learning of all members, sharing their 

resources, providing mutual support, and celebrating their joint success. Positive 

interdependence is the heart of cooperative learning.  

Students must believe that they sink or swim together. In order to strengthen 

positive interdependence, joint rewards (if all members of your group score 90 percent 

or better), divided resources (giving each group member a part of the total information 

required to complete an assignment), and complementary roles (reader, checker, 

encourager, elaborator) may also be used.  

For a learning situation to be cooperative, students must perceive that they are 

positively interdependent with other members of their learning group. It is positive 

interdependence that creates the overall super ordinate goals that unite diverse students 

into a common effort. It is positive interdependence, that underlies a common culture 

that defines the values and nature of the society in which the students live. 

 Individual Accountability:  

Individual accountability exists when the performance of each individual student 

is assessed and the results are given back to the group and the individual. It is important 

that the group knows who needs more assistance, support, and encouragement in 

completing the assignment.  

It is also important that group members know that they cannot "hitch-hike" on the 

work of others. The purpose of cooperative learning groups is to make each member a 

stronger individual in his or her right. Students learn together so that they can 

subsequently perform higher as individuals. To ensure that each member is 

strengthened, students are held individually accountable to do their share of the work.  

Common ways to structure individual accountability include (a) giving an 

individual test to each student, (b) randomly selecting one student's product to represent 



 
 

the entire group, or (c) having each student explain what they have learned to a 

classmate. 

 Face-To-Face Promotive Interaction:  

Once teachers establish positive interdependence, they need to maximize the 

opportunity for students to promote each other's success by helping, assisting, 

supporting, encouraging, and praising each other's efforts to learn. There are cognitive 

activities and interpersonal dynamics that only occur when students get involved in 

promoting each other's learning. This includes orally explaining how to solve the 

problems, discussing the nature of the concepts being learned, teaching one's 

knowledge to classmates, and connecting present with past learning.  

Accountability to peers, ability to influence each other's reasoning and 

conclusions, social modeling, social support, and interpersonal rewards all increase as 

the face-to-face interaction among group members increase. In addition, the verbal and 

nonverbal responses of other group members provide important information concerning 

a student's performance.  

Promoting each other's success results in both higher achievement and to know 

each other on a personal as well as a professional level. To obtain meaningful face-to-

face interaction, the sizes of groups need to be small (2 to 4 members). Finally, while 

positive interdependence creates the conditions for working together.  It is the actual 

face-to-face interaction in which students work together and promote each others 

success.  

 Social Skills:  

Contributing to the success of a cooperative effort requires interpersonal and 

small group skills. Placing socially unskilled individuals in a group and telling them to 



 
 

cooperate does not guarantee that they will be able to do so effectively. Students must 

be taught the social skills for quality cooperation and be motivated to use them.  

Leadership, decision-making, trust-building, communication, and conflict-

management skills have to be taught just as purposefully and precisely as academic 

skills. Finally, social skills are required for interacting effectively with peers from other 

cultures and ethnic groups. 

 Group Processing:  

Group processing exists when group members discuss how well they are 

achieving their goals and maintaining effective working relationships. Groups need to 

describe which actions are helpful and unhelpful and make decisions about what 

behaviors to continue or change. Students must also be given time and procedures for 

analyzing how well their learning groups are functioning and the extent to which 

students are applying their social skills. Such processing, enables learning groups to 

focus on group maintenance, facilitates the learning of social skills, ensures that 

members receive feedback on their participation, and reminds students to practice 

collaborative skills consistently.  

1.4.5 Characteristics of Cooperative Learning: 

 Students work together on common tasks or learning activities that are best 

handled through group work.  

 Students work together in small groups containing two to five members.  

 Students use cooperative, pro-social behavior to accomplish their common 

tasks or learning activities.  

 Students are positively interdependent. Activities are structured so that 

students need each other to accomplish their common tasks or learning 

activities.  



 
 

 Students are individually accountable or responsible for their work or 

learning. 

1.4.6 Types of Cooperative Learning 

Based on the nature of the group and other factors, cooperative learning is classified 

under three types namely; 

 Formal cooperative learning. 

 Informal cooperative learning. 

 Cooperative base groups.  

 Formal Cooperative learning 

Here, students work together for one class period to several weeks. The students 

achieve shared learning goals and complete specific tasks together  the 

assignments such as problem solving, completing a curriculum unit, writing a 

report, conducting a survey or experiment, or reading a chapter or reference 

book, learning vocabulary, or answering questions at the end of the chapter) 

(Johnson, Johnson, & Holubec, 1993). 

 Informal Cooperative Learning  

In Informal cooperative learning students work together to achieve a joint 

learning goal in temporary ad-hoc groups that last from a few minutes to one 

class period (Johnson, Johnson, & Holubec, 1992; Johnson, Johnson, & Smith, 

1991).  

During a lecture, demonstration, or film show, informal cooperative learning can 

be used to (a) focus student attention on the material to be learned, (b) set a mood 

conducive to learning, (c) help set expectations as to what will be covered in a 



 
 

class session, (d) ensure that students cognitively process the material being 

taught, and (e) provide closure to an instructional session.  

 Cooperative Base Groups 

Cooperative base groups are long-term, heterogeneous cooperative learning 

groups with stable membership (Johnson, Johnson, & Holubec, 1992; Johnson, 

Johnson, & Smith, 1991). The purposes of the base group are to give the support, 

help, encouragement, and assistance each member needs to make academic 

progress (attend class, complete all assignments, learn) and develop cognitively 

and socially in healthy ways.  

1.4.7 Cooperative Learning Techniques  

Different techniques or models of cooperative learning strategy are; 

 Learning Together (Johnson & Johnson,1975) 

 Group Investigation(Sharan & Sharan,1976) 

 Jigsaw I  (Aronson et.al,1978) 

 Jigsaw II  (Slavin,1980) 

 Team game tournaments(Devries et.al,1980) 

 STAD(Slavin,1983) 

 Numbered Heads together(Olsen &Kagan,1992) 

 Think Pair Share(Andrini,1994) 

 Complex Instruction(Cohen,1998) 

1.4.8 Implementation of Cooperative Learning 

After deciding to implement cooperative learning, the biggest challenge will be 

planning and readying the classroom and students for Cooperative Learning. According 

to Johnson, Johnson, &Smith (1991), there are several tasks that an instructor must 

accomplish before implementing cooperative learning in the classroom. 



 
 

 Specify instructional objectives (academic and social) of Cooperative Learning: 

The instructor must explain why she is using Cooperative Learning, describe its 

benefits, and the results typically found from using Cooperative Learning.  

 Determine group size and assign students to groups: Group size can range from two 

to four students, depending on the task. These groups can be homogeneous or 

heterogeneous. Once the groups are assigned, though, they should not be changed too 

often; students need time to develop a cohesive group and work together for a while 

before moving to a different group. 

 Arrange room: Instructors should optimize the space in their classroom so that 

students /groups can interact and move about the room easily. It is essential that a 

group’s seats face one another.  

 Plan instructional materials to promote interdependence: The instructional methods 

and materials that an instructor chooses must allow each individual to contribute to the 

group’s success in a unique and meaningful way. Without these unique contributions, a 

group’s structure and cohesion will be put in jeopardy. 

 Assign group roles: The instructor should make sure that there is a distinct role for 

each student. Also, the instructor should choose or assist the students in choosing roles 

that use their strengths and improve their areas of weakness. The students should not be 

allowed to choose the same role over and again. Some of the roles that could be chosen 

or assigned include facilitator, elaborator (on prior knowledge or discussion points), 

research –runner (gets materials), and wild card (does anything else that needs to be 

done). 

 Assign task: When picking an assessment task(product to be produced), the instructor 

should choose one standard to address and match it to the learning approach the 

cooperative learning group’s task should be interesting , challenging , and motivating. It 

should also be a performance driven and authentic task.  

The instructor should also be a performance driven and authentic task. The instructor 

should clearly explain procedures for the task provide structure and set a specific time 



 
 

frame for each part and the whole task. Finally, the instructor should question the 

student to check for understanding of the task and its procedures. 

 Explain criteria for success: The instructor should communicate the group work skills 

that will be evaluated. A rubric should also be created. Possibly with the student’s 

assistance, this will be used to evaluate the group-work skills as well as the assessment 

task. 

 Structure positive inter dependence and accountability: Group size should be kept 

small so that each member participates and contributes uniquely to the group. 

Instructors should also ‘test’ groups and individuals by asking questions of both. A 

group should be asked to collectively explain its results and individuals should be able 

to defend their own position as well as the group’s whole. 

 Specify desired behaviors: An essential part of cooperative learning’s success is 

teaching students how to work in a group. Students also need to be trained in conflict 

resolution. Finally, it would be wise to use icebreaker activities before beginning so that 

students find that they have something in common. 

 

Implementation: 

During the implementation phase of cooperative learning, the students play the most 

important role. Some of their tasks at this stage include; 

 Working together  

 Learning to one another 

 Questioning to one another 

 Keeping records of their work and progress 

 Producing the assessment task(product) 

 Assuming personal responsibility/ being involved in the group 

 

The instructor also has responsibilities during this stage as well. Johnson, Johnson, and 

smith (1991) have made a list several roles that an instructor has to take note during the 

implementation of cooperative learning. 



 
 

 

 Monitor behaviour: During the implementation of cooperative learning, the 

instructor should circulate throughout the classroom, visiting each group. 

 Intervene if needed: While circulating, if the instructor notices any group 

conflict or off-task behaviour, she should intervene. Small-group conflict should 

be resolved as soon as possible, and students should be shown how to prevent the 

problems in the future. the instructor might use a conflict resolution checklist 

includes items such as explaining the importance of listening to everyone in the 

group, defining responsibilities, valuing each person’s gifts, modeling excellence, 

and promoting humour. 

 Assists with needs: While monitoring the groups work, the instructor should 

assist groups with their needs. This might involve pointing out additional 

resources and /or points –of –view, and it also includes helping the students 

reflect on the work they have completed and their progress. 

 Praise: Students need to know if they are completing the assignment in a 

satisfactory manner, especially if they are inexperienced at working in 

cooperative groups. So the instructor should let individual students and groups 

know when they do something right or well. 

 

Post implementation: 

Johnson, Johnson, and smith (1991) give three jobs for the instructor to complete after 

the students have worked together to complete and submit the task. 

 Provide closure through summarization: The instructor should reconvene the 

entire group of students. At this point, the instructor can summarize their work 

and points out that, they think in an important way. This helps the instructor to 

know exactly in which knowledge level the groups are working. 

 

 Evaluate students learning: The instructor should use a rubric to grade or 

evaluate each group’s assessment task. This should also be evaluated on their 



 
 

group work using a rubric. After the instructor has completed the evaluations, it 

is important that they have provided feedback to the students about their product 

and their group performance. With out this information, the students will not be 

ale to improve their cooperative learning skills. 

 Reflect on what happened: Instructors keep a record of what worked and why it 

worked each time they undertake a cooperative learning lesson. This information 

can and should be shared with their cooperative learning support group. The 

instructor should also adjust their lessons based on the reflection and feedback of 

the students. This will prevent the stagnation of a cooperative learning unit; it 

will grow and change with each group of students. After completing the group 

work assessment task, the student’s job is to reflect on the work that was 

accomplished in their group. What worked and what did not work? What would 

they change or keep next time they work together? The students should also give 

feed back to their instructor. They should be able to tell the instructor what 

worked or what was good about this unit, and they should point out what did not 

work well. This information can be written down or informally discussed in the 

class. 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                   Fig: 1.1       PHASES OF IMPLEMENTATION 
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1.4.9 The Need for emphasizing the practice of Cooperative learning in the  

          Formal Education System in India: 

• To overcome the problems associated with diversity 

 India is a land of immense diversity. It has been a challenge for the Indian education 

system to take into its fold people belonging to different religions, castes, varying 

economic, linguistic and cultural backgrounds. The differences in gender and physical 

and mental abilities also add to the diversity of learner groups. Cooperative Learning 

through formal education can help reduce the problems associated with social 

disparities. 

• Economic concerns 

The global industry propelling the economy emphasizes the inculcation of cohesive 

values among its employees. The education system has to provide a workforce that 

possesses these values. 

• For the development of responsible citizenship 

 For solving the interrelated complex problems afflicting Indian society, the 

development of responsible and active citizens form a key element. This in turn, is also 

an essential aspect of Elementary Education in its broader sense. 

• For improving the retention of students 

In India, acquisition of cognitive skills is found to be important aspect of education. 

Therefore, the study of academic subjects is the major, if not the only consideration for 

a systematic use of group learning methods. The proper implementation of Cooperative 

Learning can make learning enjoyable and helps the retention of students in the school 

till they complete a stage of education required. 

1.4.10 Skills Needed for Cooperative Learning 

 Forming skills: The basic skills needed for functioning in cooperative learning 

group like taking turns, using quiet voices, etc. 

 Functioning skills: The skills needed to manage the group’s activities to 

complete a task and to maintain effective working relationships among members  



 
 

 Formulating skills: The skills needed to understand the material being studied at 

a deeper level, to stimulate the use of higher quality reasoning strategies, and to 

maximize mastery and retention.  

 Fermenting skills: The skills needed to rethink are the material being studied, 

manage cognitive conflict, search for more information, and communicate the 

rationale behind one's conclusion (Johnson, Johnson and Holubec, 1998). 

When students work cooperatively in groups the more knowledgeable students 

are able to help the less knowledgeable students understand new concepts. High 

achieving students also benefit because they are verbalizing their ideas and actually 

teaching others. As mentioned earlier, the process of verbalizing thoughts helps to 

further promote understanding of material. Students who learn cooperatively tend to be 

more highly motivated to learn because of increased self-esteem, the pro academic 

attitudes of groupmates, appropriate attributions for success and failure, and greater on-

task behavior. They also score higher on tests of achievement and problem solving and 

tend to get along better with classmates of different racial, ethnic, and social class 

backgrounds. This last outcome should be of particular interest to those of you who 

expect to teach in areas marked by cultural diversity. 

1.5 Critical Thinking  

 Critical thinking is an important element of all professional fields and academic 

disciplines. Critical thinking is important because, it enables one to analyze, evaluate, 

explain, and restructure our thinking, decreasing thereby the risk of adopting, acting on, 

or thinking with a false belief. Critical thinking employs not only logic but also the 

other important criteria namely, clarity in thoughts, accurate thinking, preciseness etc. 

So, Educators are interested in teaching critical thinking to their students. 



 
 

 The intellectual skills of critical thinking namely; analysis, synthesis, reflection, 

etc.must be learned by actually performing them. Classroom instruction, homework and 

exams therefore, should emphasize active intellectual participation by the student. 

 Critical thinking means correct thinking in the pursuit of relevant and reliable 

knowledge. Critical thinking is the ability to think for one's self and reliably and 

responsibly make those decisions that affect one's life. Critical thinking is also critical 

inquiry, so such critical thinkers investigate problems, ask questions, and investigate the 

new answers that challenge the status quo, discover new information that can be used 

for good. 

 Proponents of collaborative learning claim that the active exchange of ideas 

within small groups not only increases interest among the participants but also promotes 

critical thinking. According to Johnson and Johnson (1986), there is persuasive 

evidence that cooperative teams achieve at higher levels of thought and retain 

information longer than students who work quietly as individuals. The shared learning 

gives students an opportunity to engage in discussion, take responsibility for their own 

learning, and thus become critical thinkers 

1.5.1 Definitions of Critical Thinking  

“Critical thinking is the intellectually disciplined process of actively and skillfully 

conceptualizing, applying, analyzing, synthesizing, and/or evaluating information 

gathered from, or generated by, observation, experience, reflection, reasoning, or 

communication, as a guide to belief and action”. 

The purpose of specifically teaching critical thinking in sciences or any other discipline 

is to improve the thinking skills of students and thus better prepare them to succeed in 

the world. 



 
 

 Raymond S.Nickerson (cited in Steven D. Schafersman, 1991), an authority on 

critical thinking, characterizes a good critical thinker in terms of knowledge, abilities, 

attitudes, and habitual ways of behaving.  

1.5.2 Characteristics of a Good Critical Thinker  

The following are some of the characteristics of a good critical thinker; 

 Uses evidence skillfully and impartially. 

 Organizes thoughts and articulates them concisely and coherently. 

 Distinguishes between logically valid and invalid inferences.   

 Suspends judgment in the absence of sufficient evidence to support a decision. 

 Understands the difference between reasoning and rationalizing. 

 attempts to anticipate the probable consequences of alternative actions 

 Understands the idea of degrees of belief. 

 Sees similarities and analogies that are not superficially apparent. 

 Can learn independently and has an abiding interest in doing so.   

 Applies problem-solving techniques in domains other than those in which 

learned. 

 Can structure informally represent problems in such a way that formal 

techniques, such as mathematics, can be used to solve them. 

 Can strip a verbal argument of irrelevancies and phrase it in its essential terms.   

 Habitually questions one's own views and attempts to understand both the 

assumptions that is critical to those views and the implications of the views. 

 Is sensitive to the difference between the validity of a belief and the intensity 

with which it is held. 

 Is aware of the fact that one's understanding is always limited, often much more 

so that it would be apparent to one with a no inquiring attitude. 



 
 

 Recognizes the fallibility of one's own opinions, the probability of bias in those 

opinions, and the danger of weighting evidence according to personal 

preferences. 

1.5.3 The Stairway to Critical Thinking 

The stages and skills involved in critical thinking can be seen as an eight-step stairway 

to high grades.  

1. Process - Take in the information (i.e. in what you have read, heard, seen or done).  

2. Understand - Comprehend the key points, assumptions, arguments and evidence 

presented.  

3. Analyze - Examine how these key components fit together and relate to each other.  

4. Compare - Explore the similarities, differences between the ideas you are reading 

about.  

5. Synthesize - Bring together different sources of information to serve an argument or 

idea you are constructing. Make logical connections between the different sources that 

help you shape and support your ideas.  

6. Evaluate - Assess the worth of an idea in terms of its relevance to your needs, the 

evidence on which it is based and how it relates to other pertinent ideas.  

7. Apply - Transfer the understanding you have gained from your critical evaluation 

and use in response to questions, assignments and projects.  

8. Justify - Use critical thinking to develop arguments, draw conclusions, make 

inferences and identify implications.  
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Figure 1.1 Diagrammatic representation of different skills involved in the process 

of critical thinking 

1.5.4 Critical Thinking and Science 

The main objective of teaching science at all levels of education is to develop critical 

thinking ability among students. It is considered as an important dimension of science 

education which involves the process of analysis, synthesis, evaluation etc.  
 
The National Science Education Standards (1996) has science as inquiry as one of its 

goals. Numerous abilities included in this goal are, identification of assumptions, use of 

critical and logical thinking, and consideration of alternative explanations.    



 
 

A critical approach to science education should allow students to ponder questions, 

propose solutions to the problems, and also develop and conduct simple experiments on 

their own. Students who are taught to analyze, synthesize etc. have developed 

intellectually with more I.Q. Teaching critical thinking in science class help Students in 

solving everyday problems.  

1.6 Problem Solving 

 Problem solving is the essence of scientific investigations. Problem solving is a 

deliberate or purposeful act on the part of an individual to realize the set goals by 

inventing some novel methods or systematically following some planned steps for the 

removal of inferences or obstacles in the path. It represents the higher category of 

intellectual skills in Gagne’s theory of learning. It occurs in novel or difficult situations 

in which a solution is not attainable by habitual methods of applying concepts and 

principles derived from past experience in every similar situation (Woodworth & 

Marquis , 1948). 
 

 To solve problems learners must search for a long term memory of relevant 

principles, knowledge and properties, strategies that might apply to the problem. 

Problem solving occurs when an organism needs to move from a given state to a 

desired goal state. Terms like concept formation, terms like critical thinking, reasoning, 

insight and learning are the part of problem solving. 

 The knowledge of science can be divided into several parts, two of which are; 

1. Information and facts. 

2. The ability to use information and facts.  

 This ability to use information and facts is an essential part of the problem 

solving process. A key factor in problem solving is the application of the past 

experience or knowledge to arrive at a solution not previously known to the person at 

least in the particular situation presented.  The fact that past experience supplies the 

requisite information or skills for solution distinguishes problem solving from learning.   



 
 

 Problem solving may be defined as a planned approach upon which there is a 

difficulty for the purpose of finding a solution. Problem solving takes place when a 

problem solver accepts it as a problem. when his previous knowledge or patterns or 

behaviour are insufficient or inappropriate to enable him to provide an acceptable 

solution in such a case solution becomes possible only when he acquires new 

knowledge or capitalizes upon relationships which have not been seen before. 

 Problem solving takes place as soon as a task oriented situation is presented to 

the problem solver, the solution of which he does not know but, at the same time he 

possess the essential basic information needed to solve the problem. 

  

Problem solving is a process by which an individual uses previously acquired 

knowledge, skills and understanding to satisfy the demands of an unfamiliar situation. 

The student must synthesize what he has learnt and apply it to the new and different 

situation. Problem solving skills should be considered as a distinct body of knowledge 

and should be taught as such.   

“A problem is nothing but a task or a stimulus for which an individual does not have a 

ready response or immediate response”.  

A problem is a situation that requires a resolution for which the individual sees no 

apparent or obvious means or path to obtain the solution.  

 

A problem must satisfy 3 criteria namely; 

 Acceptance: Individual accepts the problem which has personal involvement. 

 Blockage: Initial attempts to the solution or fruitless. 

 Exploration: The personal involvement forces the individual to explore new 

methods of attack. 

 A problem will no longer be a problem once it can easily be solved by the 

ideas that have been previously learnt.  

“Problem-solving is defined as the ability of an individual to solve Problem by using 

his/her Knowledge and experiences”.  



 
 

1.6.1 Stages of Problem Solving 

 Problem solving strategy usually has five stages. Bransford and Stein (1993) use the 

acronym IDEAL to identify the five steps. 

           I- Identifying the problem. 

           D-Defining and representing the problem. 

           E- Exploring possible strategies. 

A- Acting on the strategies. 

 L- Looking back and evaluating the effects of activities. 

1.6.2 What Makes a Good Problem Solver? 

 There are certain common characteristics exhibited by good problem solvers.  

 A good problem solver has a desire to solve the given problem. 

 He is extremely perseverant. They go back and try new approaches again 

and again if a particular approach doesn’t give proper solution. They 

refuse to quit and are not easily discouraged when incorrect. 

 A variety of methods of attack are usually at their disposal. They will ask 

themselves many “what if …” questions. 

 They show the ability to skip some of the steps in the solution process. 

They make connections quickly, notice irrelevant details and require very 

few examples to generalize. They often lack concern about neatness while 

developing their solution process. 

 They are not afraid to guess. They make educated guesses at solutions and 

attempt to verify them.  

 They know what questions to ask themselves and what to do with the 

answers they receive as they think through the problem. 

 

 

 



 
 

1.6.3 Characteristics of a Good Problem Solver 

 A Good problem solver; 

 Have confidence in their ability to learn and their ability to solve problems. 

 Tend to enjoy solving problems. 

 Rely on their own judgment.  Though they know there is wisdom in counsel, they 

respect their own decision-making abilities. 

 Are not fearful of being wrong or of making mistakes. 

 Are flexible and are often capable of seeing more than one answer to a question 

or a problem. 

 Know the difference between fact and opinion and understand the need for valid 

evidence. 

 Do not need to have an absolute, final, irrevocable solution to every problem. 

 Have methods for approaching and solving problems. 

 Think about their thinking and review their problem solving methods in order to 

sharpen these tools for future problems they will encounter. 

 Some recent curriculum programmes have attempted to develop ways of leaving 

to the pupil all or part of the process of identifying a problematic situations, 

formulating a problem out of the situation and then solving the problem. Increased 

attention in science instructions is being given to the use of real problems. Problems 

that are meaningful to the pupil and that require the knowledge of problem setting as 

well as knowledge of science. 

 

 An increasingly popular view is that the teacher should provide instruction in 

problem solving techniques and strategies but opinion differs as to the nature and 

extent of this instruction. Instead of teaching pupils to follow a fixed sequence of steps, 

some teachers have attempted to provide them with heuristic approach that may help 

them to analyze the problem and transform it into something they can solve. 

 



 
 

1.7 Need and Importance of the Study 

  

The process adopted in the Indian education system heavily relies on teacher-

centered education. Teachers are regarded as the repositories of subject knowledge and 

their role is simply to pour into the open, empty and willing or non -willing minds of 

students. The methods used in science teaching are mostly lecture and deductive 

methods. Only few topics are taught through demonstration method in laboratories. 

Learners learn through rote memory which they retain for only a small duration. 

Cooperative learning strategy stands for teaching in which students are provided 

opportunities on cooperative principles in which they share their knowledge and 

experiences with their peer group.CLS is a teaching strategy that Encourages student 

success by alleviating overt competitiveness and substituting group encouragement. 

In Co-operative learning, individuals’ work with his\her peers to achieve a 

common goal rather than individual gain. Besides Academic achievement, CLS 

promotes critical thinking and Problem-solving abilities & develop Positive attitude 

towards learning and attains student’s satisfaction. Our present day student-teaching in 

colleges of Education and other teacher training institutes has a severe criticism on 

obvious reasons. Cooperative learning strategy is the answer for it. 

Present student-teaching is dominated by Herbartian steps of teaching which have 

stayed progressive teaching –learning process. To strengthen the existing B.Ed 

programme, innovative strategy like cooperative learning should find an integral part in 

the Teacher Education Curriculum. 

Teaching practices are influenced by teacher’s prior experiences and beliefs. If 

pre-service teachers are not exposed to effective models of Cooperative learning in 

teacher education programmes, it may be unrealistic to expect them to engage in 

Cooperative learning in their own classrooms. At present, Indian Education System has 

been subjected many changes. Reforms in methods of teaching have given more 

importance to small group learning rather than whole class learning. Hence the present 

study. 
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CHAPTER-2 
 

REVIEW OF RELATED LITERATURE 

 
“A Competent Physician must keep abreast of the latest discoveries in the field of 

Medicine…… obviously the careful student of Education, the research worker and 

investigator … Should become familiar with the location and use of sources of 

Educational information”. 

-Good, Barr and Scates 

 

2.1 Introduction 

 Conducting review of existing ideas is the most important element of any 

research in the field of any research in general and Education in particular. Thorough 

Review of related literature provides relevant material that the researcher is in need of 

while carrying out the study. The process of conducting reviews now has been changed 

significantly in recent years by the increased use of electronic data base searches that 

enable the researcher to get vast literature easily and quickly with less time.  

  

 A literature review is a survey and discussion of the literature in a given area of 

study. It is a concise overview of what has been studied, argued, and established about a 

topic, and it is usually organized chronologically or thematically. All form of research 

publications can be used for the purpose of reviewing the related studies namely; 

Research monographs, published and unpublished doctoral theses, Articles published in 

various peer reviewed journals, ERIC and other Educational databases.  

 The basic idea of review is to develop knowledge of the researcher in a particular 

area of research and to apply some of the relevant steps according to the nature of their 

study. The other intention of reviewing is to get an insight in the area of research and 

not to show what others have discovered in the field. 



 

 

As a part of the research work, the researcher has conducted a meta-analysis where 

in the relevant literature is collected from various sources. In this chapter, the researcher 

has outlined a total of 66 studies related to the present study.  

 

The studies reviewed are classified into International and National level studies 

under the following headings in chronological order from the latest studies to the old; 

 

2.2  Studies related to Cooperative learning in General. 

2.3  Studies related to Cooperative learning in the field of Teacher Education. 

2.4  Studies related to Cooperative learning and Academic Achievement. 

2.5  Studies related to Cooperative learning and Problem-solving. 

2.6  Studies related to Cooperative learning and Critical thinking. 

The studies reviewed under different sections have been presented in the form of a pie 

chart as follows. 

Graph 1: Pie chart showing the distribution of percentage of different studies  

               reviewed.  
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Graph 2: Comparison of Studies Conducted in India and Abroad 

 

 
2.2 Studies Related to Cooperative Learning in General 

2.2.1 Studies at National Level 

Pushpanjali.B.S and Satyaprakash C.V (2010) studied the “Effect of Co-operative 

learning on Achievement motivation and Anxiety”.  

The findings of the study are; 

i. Cooperative learning strategy was superior to conventional method in 

significantly promoting achievement motivation. 

ii. Cooperative learning strategy was effective in significantly reducing the 

anxiety. 

 

Hemantlata Sharma and Savita Sharma (2008) conducted a study to know the 

“Effect cooperative learning on the interpersonal relationships of knowing whether the 

approach student team’s achievement division with reward is more effective than the 

traditional approach in enhancing interpersonal relationships of 7th grade students”.  

The study revealed that, 
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i. It results in better understanding of each other and thus provides 

opportunities for positive growth. 

ii. The STAD approach is effective in enhancing interpersonal relationships 

of learners and it enhances the productivity and feeling of personal 

commitment and responsibility to do the assigned work. 

 

Malhara.S.B (1988) conducted an independent study to compare the relative 

Effectiveness of teaching methods based on motivation due to competition and 

motivation due to initiative, spirit, interest and tendency to cooperate.  

Three divisions of 8th standard named A (Group 1), B (Group 2) and C (Group 3) were 

selected for experimentation.  

Group 1which was selected for cooperation oriented teaching had 72 girls, Group 2 was 

selected for competition oriented teaching had 66 girls and Group 3 the control Group.  

The major conclusions drawn from the study are;  

(i) The achievement of group 1 were better than the achievement of group 2 

implying that the cooperative teaching methods were more effective than 

the methods of competitive teaching.  

(ii) It was also found that the cooperative teaching methods helped the children 

not only in gaining knowledge but also in developing their skills. This type 

of instruction gave freedom to students and due to the freedom the children 

developed their various faculties.  

(iii) Group 2 which was taught by competitive method of teaching was better in 

achievement than group 3, the control group. 

 

2.2.2 Studies at International Level 
  

Trish Baker and Jill Clark (2008) conducted a Research on Cooperative learning: 

Theory into Practice. They presented a model for using assessed cooperative learning 

techniques with ethically and linguistically diverse groups. The model consists of four 



 
 

steps; training lecturers in cooperative learning techniques , training students in 

cooperative learning techniques, monitoring the groups performance, and debriefing 

both lecturers and students. The results of this research project suggest that, the 

challenges of implementing cooperative learning groups with culturally and 

linguistically diverse groups may be met by ensuring that both lecturers and students 

follow the guidelines outlined in the model. 

Shu-fen Chen (2005) conducted an experimental study on “cooperative learning, 

multiple intelligences and proficiency; Application in college English language teaching 

and learning. The major recommendations of the study are; 

(i) The Experimental group  that was taught using the ideas based on cooperative 

learning and multiple intelligence outperformed the group based on 

cooperative learning and the control group on the simulate English general 

proficiency tests for the four language skills 

(ii) The motivation in English learning was enhanced a great deal for the 

experimental group that was taught using cooperative learning and multiple 

intelligence ideas. 

(iii) Based on the insight gained from the study, cooperative learning, multiple 

intelligences and whole language approach and language learning center were 

thus recommended to be integrated into the junior college English curriculum. 

 

Herbert C.Richards and Shula G.Ramsay (1997) conducted a study on cooperative 

learning environments; effects on academic attitudes of gifted students. The major 

conclusions drawn from the study are; 

(i) Non identified children will exhibit more positive attitude towards cooperative 

learning methods than their more academically able peers. 

(ii) Overall attitudes towards school subjects were most positive in classes where 

cooperative learning was used sparingly as an instructional supplement. 

 



 
 

Shahida Jawed (1995) investigated the effectiveness of “cooperative learning as an 

alternative instructional approach in science teaching; A perspective of teacher’s and 

students”. 

The study was conducted in 3 stages; pre-intervention, intervention and post-

intervention where in 3 teachers and 9 students from a private school voluntarily 

participated to provide relevant information. To gather information, semi structured 

interview and observation technique were used.  

The findings show that; 

(i) The implementation of this approach was affected by the teacher’s lack of 

resources such as equipment, printed material, and lack of professional support 

and by examination pressure.  

(ii) On the whole the teachers need to be encouraged and supported to reflect 

critically on the various classroom practices and their pedagogical consequences 

if they are to bring about changes in the teaching learning process. 

 

Barnadette Dean (1995) conducted a study on the implementation of cooperative 

learning in classrooms in Pakistan: problems and possibilities. The study was conducted 

in a private school in Karachi. Four teachers-two primary and two secondary 

participated in the study.  

 The Johnson and Johnson “Learning Together” model of cooperative learning 

was the instructional strategy implemented and coaching was used to help teachers 

internalize the instructional change.  

The study revealed that;  

(i) Besides the problems that could occur with implementation of any new 

instructional strategy, there are obstacles to the implementation of cooperative 

learning that are peculiar to the strategy itself because they come in conflict with 

teachers beliefs, values and attitudes about teaching and learning.  



 
 

(ii) Positive changes were noted by teachers and students alike in such things as the 

students understanding of subject matter, interpersonal relationships and 

student’s self-esteem and self confidence.  

 

Wolf, Beverly Ann(1994) examined the effects of two lesson structures(cooperative 

and individual)and two levels of learner controlled (full and lean ) in the achievement 

option usage, time in programming and attitudes of 126, 9th grade students who used a 

computer based instructional programme. Students were assigned to work individually 

or in pairs or either a full version of the program with option to bypass examples, 

practice with feed back and review or a lean version with option to add these elements.  

The major findings of the study are; 

(i) There were no significant achievement differences for either lesson structure 

or learner control.  

(ii) Students working cooperatively chose to view a significantly greater number 

of example and review screens and spent a greater amount of time on the 

programme than students working individually. 

(iii) The cooperative use of computer based lessons is not detrimental students 

learning, which may be useful in academic setting with limited computer 

resources. 

 

Fan, Minte (1990) conducted a study to know the effects of cooperative learning and 

tutoring on academic achievement and self concept of Native American students. The 

major conclusions of this study are; 

(i) Cooperative learning and tutoring had a strong positive effect on academic 

achievement. 

(ii) It was further revealed that al subjects performed at nearly the same level in 

the mathematics post test. 

(iii) Student’s performance on the self concept test was stable throughout the 

treatment. 



 
 

(iv) Males and females were not significantly different in both self concept pretest 

and post test scores. 

 

Johnson, Johnson and Holubec (1986) conducted a study on “How are the 

motivational theories related to cooperative learning focuses on reward and goal 

structures”. One of the elements of cooperative learning is positive interdependence, 

where students perceive that their success or failure lies with in their working together 

as a group.  

The major findings of the study are; 

(i) The elaboration theory suggests that one of the most effective means of learning 

is to explain the material to some one else.  

(ii) Cooperative learning activities enhance elaborative thinking and more frequent 

giving and receiving of explanations, which has the potential to increase depth of 

understanding the quality of reasoning and accuracy of long term retention. 

 

Marvin Lew and Debra Mesch and David W.Johnson and Roger Johnson (1986) 

studied the effect of positive interdependence, academic and collaborative skills, and 

group contingencies on isolated students.  

The dependent measures were achievement, interpersonal attraction, and voluntary use 

of collaborative skills were socially withdrawn and isolated student’s .For this purpose  

four socially isolated and withdrawn  6th grade students(2male and 2 female) were 

studied in a reading class.  

The results indicated that; 

(i) Both positive goal and reward interdependence are needed to maximize student 

achievement and the interpersonal attraction between socially withdrawn and non 

handicapped students.  

(ii) The specific reinforcement for engaging in collaborative skills was required to 

maximize the voluntary engagement in the skills by socially withdrawn and 

isolated students.  



 
 

 

Allen and Van Sickle (1984) investigated the use of STAD (Students’ Team 

Achievement Division) as an experimental treatment involving low achieving students. 

The study found that, the cooperative learning group scored significantly higher on a 

world Geography test. 

 

Dean Tjosvold (1984) conducted a study to know how cooperation theory works in 

organizations. Overall results indicate that, cooperation facilitates social interaction and 

productivity. 

 

Abigail M. Harris and Marlaine E. Lockheed (1984) studied cross sex collaborative 

learning in elementary classrooms.  

It was found that; 

(i) The use of small groups was not related to gender to stereotypes regarding 

student competence but was negatively related to more general gender 

stereotype held by female students. 

(ii) Attitudes towards cross sex cooperation were negatively related to cooperative 

groupings for both male and female students, although cross sex peer ratings 

by females were positively related to cooperative groupings. 

(iii) Perception s of one self as a problem solver were positively associated with 

cooperative groupings for male students only. 

Noreen, Webb (1982) conducted a research to know how interaction among students 

takes place when they work in small groups.  

The major focus of this study is to know the role of students experience in small group 

interaction in learning also to know how interaction and achievement are related, the 

cognitive process and social emotional mechanism bridging interaction and 

achievement.  



 
 

The conclusion from the study is that, an individual’s role in group interaction is an 

important influence on learning, and that interaction can best be predicted from multiple 

characteristics of the individual and group setting. 

 

Wodarski, Todd and Wodarski (1980) conducted a study in which nutrition was 

taught to both elementary and secondary students through cooperative learning. The 

results found significant gains between pretest and post test scores. The researchers 

concluded that, cooperative learning was an effective method of teaching nutrition. 

 

Johnson and Ahlgren (1976) examined the relationships between student’s attitude 

towards cooperation, competition and their attitude towards education.  

The results of the study indicated that, student’s cooperativeness and competitiveness 

were positively related to being motivated to learn. 

 

2.3 Studies related to Cooperative Learning in Teacher Education 
 

2.3.1 Studies at National Level 
 

Pagare  P.B and Sonkamble C.P (2012) conducted a research on “Effectiveness of 

Innovative Collaborative Learning Techniques for Teacher Educators in Teacher 

Education Institutes”.  

The major objectives of the study are; to know the collaborative learning techniques 

among the M.Ed. students, to implement the programme of collaborative learning 

techniques for M.Ed. students and to study the effectiveness of the collaborative 

learning programme.  

The major findings of the study revealed that; 

(i) There is significance difference in the achievement of M.Ed. student in subject of 

research topic due to exposure of collaborative learning technique based learning 

to the group. 



 
 

(ii) Collaborative learning techniques helps the students to sustain their interest and 

also their relegation power compared to the traditional method or teaching.  

      Therefore, there should be more and more number of collaborative learning 

techniques used in classroom. The constant use of collaborative learning techniques will 

make students understand more and achieve more in their academic achievement & 

social development. 

 

Patel Tabassum Yakub (2010) conducted a study on “Effect of Training for use of 

Collaborative techniques to student–teachers on teaching competency and pupils’ 

achievement in English”.  

The study was undertaken with the following broad objectives; 

To determine the level of Acquisition of theory of collaborative Techniques among 

student teachers and also to find out the effectiveness of training for organizing 

collaborative activities on the general teaching competency, and achievement and 

spoken ability  of  student-teachers. 

The conclusions drawn from the study are: 

The training provided to the student –teachers for organizing collaborative activities 

was found to be successful in improving their general teaching competency. 

The training in organizing collaborative activities provided to the student-teachers was 

found to be significantly superior in improving their scholastic achievement as well as 

their ability to speak. 

 

2.3.2 Studies at International Level 
 

Sedat Maden (2011) conducted a study on the “Effect of Jigsaw I Technique on 

Achievement in Written Expression Skill”. This study aims to compare the effects of 

Jigsaw I technique from the cooperative learning methods and traditional teaching 

method on academic achievement and retrieval of Turkish teacher candidates in the 

matter of written expression.  



 
 

The sample of the study consists of 70 students studying at the Department of Turkish 

teaching in the academic year of 2009- 2010. Control group (N=34) was taught using 

traditional teaching method while the experimental group (test group) was taught using 

the Jigsaw technique (N=36). The study was predicated on "Non-equal control group 

pattern".   

The results obtained from the analysis are; 

i. There was not a significant variation in favor of the test group in terms of 

academic success and stability between the test group and the control group in 

teaching the written expression subject.  

ii. It was also determined according to the results obtained from the study that, the 

students stated positive views for the Jigsaw I technique. 

 

Patterson, Eira Wyn (2011) “Initial Teacher Development in Science: The Impact of 

Constructivist-Informed Practice on Learning. This paper explores the perceptions of 

student teachers regarding the extent to which they consider a constructivist approach 

supports their learning in science.  

The research was carried out in two phases and drew on questionnaire and interview 

data. In Phase 1 a questionnaire was used to collect the views of 34 students regarding 

the effectiveness of a constructivist approach in facilitating their learning in science. 

Phase 2 was a more in-depth analysis of factors identified in Phase 1 as influencing the 

effectiveness of the learning process. The majority of students considered that a 

constructivist approach was effective in enabling them to learn in science.  

Findings highlighted the significance of social mediation within constructivist-informed 

practice, in particular collaborative group work and tutor questioning. 

 

Zaheer Ahmad and Nasir Mahmood (2010) conducted a study on “Effects of 

Cooperative Learning vs. Traditional Instruction on Prospective Teachers’ Learning 

Experience and Achievement.  



 
 

The study investigated the effects of three experimental conditions on prospective 

teachers’ learning experience and achievement in the course of Educational Psychology. 

The conditions comprised (a) Traditional Instruction (TI) (b) Cooperative Learning 

Loosely Structured (CLLS) and (c) Cooperative Learning Students Team Achievement 

Division (CL STAD) model.  

The study concludes that, cooperative learning enhances prospective teachers’ academic 

achievement as compared to traditional instruction and promotes enriched, enjoyable 

and interactive learning experience. The study has implications for teacher educators to 

prefer innovative instructional strategies like Cooperative  

Learning while teaching to prospective teachers. 

Ilse Ruys, Hilde Van Keer and Antonia Aelterman (2010) conducted a study on 

“Collaborative learning in pre-service teacher education: an exploratory study on 

related conceptions, self-efficacy and implementation.  

In this study, the actual position of collaborative learning (CL) in teacher education was 

examined. One hundred and twenty teacher educators and 369 student teachers are 

surveyed on general educational beliefs, mental models and conceptions related to Co-

operative Learning.  

The results reveal that;  

(i) CL is highly valued as a teaching strategy for primary school children; however, 

student teachers do not prefer to collaborate themselves during their learning 

process.  

(ii) Student teachers’ self efficacy towards the use of CL is moderate. Collaborative 

learning is implemented once in a while in teacher education, and student 

teachers are not intensively trained in the pedagogical use of CL for their future 

classroom practice. 
 
E. Mentz, J.L. van der Walt and L. Goosen (2008) studied the “Effect of 

incorporating cooperative learning principles in pair programming for student teachers”.  



 
 

Based on their quantitative and qualitative investigations, the authors concluded that, 

pair programming as a strategy for teaching student teachers could be made more 

effective through the incorporation of principles associated with cooperative learning. 

Heba EL-Deghaidy & Ahmed Nouby (2008), Effectiveness of a blended  

e-learning cooperative approach in an Egyptian teacher education programme. 

This paper describes the results and implications of a study into the effectiveness of a 

Blended e-learning cooperative approach (BeLCA) on Pre-Service Teacher's (PST) 

achievement, attitudes towards e-learning and cooperativeness. Quantitative and 

qualitative methodologies were used with participants of the study. Twenty-six sciences 

Pre-Service Teacher's (PSTs) enrolled in an Egyptian university represented the studies 

experiential and control groups. Pre and post-tools were administered to participants in 

the two groups in a quasi experimental design. Instruments to measure dependent 

variables of the study were developed by the authors in light of relevant previous 

studies.  

The findings suggest that Pre-Service Teacher's (PST’s) in the experimental group have 

higher achievement levels in their post-overall-course-test, 'comprehensive-score', and 

attitudes towards e-learning environments compared to those of the control group. The 

specific design of the course may be responsible for these changes.  

 

Karrie A. Jones and Jennifer L. Jones (2008) conducted a study on “A Descriptive 

Account of Cooperative-Learning based Practice in Teacher Education.  

The purpose of this study is to provide a descriptive analysis of engaging teaching 

through cooperative learning at the graduate level, using an analysis of the teaching 

strategies and interactions between 33 pre-service teachers and their professor. Field 

notes were analysed along with interview data to generate a description of engaging 

teaching practices and its effects on students.  

The authors propose that this teacher’s effectiveness was defined by the professor-

student classroom interactions, a collaborative learning environment and use of 

cooperative learning. The consequence was increased student learning and motivation 



 
 

as well as a constructivist educational philosophy instilled in the minds of future 

educators.  

 

Ayhan Dikici and Yasemin Yavuzer (2006) conducted a study on “The effects of 

cooperative learning on the abilities of pre-service art teacher candidates to lesson 

planning in turkey”.  

In this study, the effects of cooperative learning on the abilities of the preservice art 

teacher candidates to plan lessons were emphasized. For this purpose, 32 art teacher 

candidates were selected for the experimental group, and 32 art teacher candidates were 

selected by random sampling method. A cooperative learning program was developed 

for application in the experimental group. Experimental group and traditional learning 

method was applied to the control group. The candidates of both groups were requested 

to focus on planning a lesson.  

The results of the research shown that, there was no significant difference between the 

pre-test points (P>.05), however, there was a significant difference between the post-

test points in favour of the experimental group (P<0.05). 

Niek van Benthum, Dolly Bootsma, Jildau van Dieren and Nicole van der Kemp 

(2002) in their study on “Cooperative learning and teacher education” described the 

implementation effects of a course on cooperative learning for student teachers are 

described.  

The course was conducted at two different teacher education colleges in The 

Netherlands. Based on pre- and post-course observations, a significant treatment effect 

was found for four of the five basic elements regarded as essential for a lesson activity 

to be cooperative: positive interdependence, face-to-face interaction, social skills and 

group processing.  

In addition, the course had a positive effect on the engagement rates of the pupils of 

student teachers in the treatment condition. The majority of the student teachers 



 
 

subscribed to cooperative learning to achieve both academic and social goals and also 

showed a readiness to use cooperative learning methods in their future lessons. The 

pupils taught by the treatment student teachers also showed positive attitudes towards 

working in groups and rated the benefits of working in groups relative to working alone 

quite positively. 

Simon Veenman, Niek van Benthum, Dolly Bootsma, Jildau van Dieren & Nicole 

vander Kemp (2002) conducted a study on Cooperative learning and teacher 

education. In this study, the implementation effects of a course on cooperative learning 

for student teachers are described.  

 The course was conducted at two different teacher education colleges in The 

Netherlands. Based on pre- and post-course observations, a significant treatment effect 

was found for four of the five basic elements regarded as essential for a lesson activity 

to be cooperative: positive interdependence, face-to-face interaction, social skills and 

group processing. In addition, the course had a positive effect on the engagement rates 

of the pupils of student teachers in the treatment condition.  

 The majority of the student teachers subscribed to cooperative learning to achieve 

both academic and social goals and also showed a readiness to use cooperative learning 

methods in their future lessons. The pupils taught by the treatment student teachers also 

showed positive attitudes towards working in groups and rated the benefits of working 

in groups relative to working alone quite positively. 

 

Chan Kam Wing (2001) in his paper “Using cooperative learning in Post Graduation 

Teacher Education” in Hong Kong described how cooperative learning is used to teach 

a curriculum module for the group of pre-service student teachers. The constraints and 

difficulties encountered were also discussed including the inefficiency of time, the issue 

of equity and helping one another in a group to learn something that no one had better 

knowledge of it.  



 
 

As these constraints and difficulties arise from practice, it is important that they get 

addressed before the advantages of using cooperative learning in Teacher Education 

programme can be realized. 

 

M. Jean Bouas (1996) presented a paper on “Are We Giving Cooperative Learning 

Enough Attention in Preservice Teacher Education?  

The intention of this study was to examine the effect instruction about and participation 

in group work/cooperative learning in three preservice teacher education methods 

classes had on future teachers’ attitudes toward, knowledge about academic and social 

benefits related to, and pedagogical competence to organize classrooms for group 

work/cooperative learning. 

Findings from this study Suggested that, subjects recognized the pedagogical value of 

preservice teacher Education experiences that enabled them to not only learn about 

cooperative Learning as a model of instruction but also provided them the opportunity 

to Experience the model. 

 
2.4 Studies related to Academic Achievement 

 
2.4.1 Studies at National Level 

Jayalekshmi.S (2012) conducted a study on the “Effectiveness of Critical Pedagogy 

combined with constructivist approach in learning commerce at higher secondary 

level”. 

The study was conducted with a broad objective of comparing the effect of critical 

pedagogy combined with that of activity based approach and constructivist approach in 

enhancing the achievement, retention and social and emotional skills of learners of 

commerce at higher secondary level. 

The findings of the study are;  

i. Critical pedagogy combined with constructivist approach is more effective 

in enhancing achievement, retention and social and emotional skills which 



 
 

helps the learners of commerce of higher secondary level to improve their 

learning. 

ii. Critical pedagogy combined with constructivism approach provides the 

learner autonomy, promotes co-operative learning, collaborative learning 

and encourages students to bring social experiences to the classroom and 

discusses links with the concepts related to the unit. 

 

Bhaskaran.D (2011) conducted a study on the “Effectiveness of Cooperative learning 

approach (Jigsaw- II with reward) in enhancing the academic achievement of learners in 

learning Social Science at the secondary level”.  

i. The major objective of the study is to find out whether Jigsaw-II with reward 

approach is more effective than the traditional approach.  

ii. The major findings of the study revealed the supremacy of Jigsaw-II with 

reward approach is more effective than the traditional approach in enhancing 

the academic achievement of learners.  

Pallavi Kaul (2010) has conducted an experimental research on “The Effect of 

Learning together Techniques of Cooperative Learning method on student’s 

achievement in Mathematics”. It is a pre-test post-test design with control group was 

applied. The conclusion showed that, there is a significant difference between the 

results of experimental and control groups. Learning together technique of Co-operative 

learning method was found to be more effective than traditional teaching method in 

teaching Maths at the elementary level. By studying together the student’s gain self-

confidence and express their opinions and also present alternative strategies to 

understand the concepts. 

 

Rita Arora and Kuldeep Kumar Sharan (2009) conducted a study on the “Effect of 

peer assisted learning and teacher assisted learning on the scholastic achievement of 

secondary classes”.  



 
 

The major conclusions drawn from the study are; 

(i) The mean scholastic achievement score of secondary science students taught by 

peer assisted learning is higher than the mean scholastic achievement score of 

secondary science students taught by teacher assisted learning strategies of 

government. 

(ii) The mean scholastic achievement score of secondary science students taught by 

peer assisted learning is higher than the teacher assisted learning strategies in 

private schools. 

(iii) The boys of the experimental group (peer assisted learning) and controlled group 

(teacher assisted learning) yielded significantly different scores as compared to the 

girls of both the groups in government groups. 

(iv) The boys of the experimental group (peer assisted learning) and control group 

(teacher assisted learning) obtained significantly equal scores as compared to the 

girls of both the groups in primary schools. 

 

Jacqueline. L.Patrick (2009) conducted a study on “Effectiveness of individualized 

learning and cooperative learning on the performance of IX standard students”. 

The study was conducted with the major objective finding the effectiveness of 

individualized learning and cooperative learning on the performance, problem-solving, 

comprehension and divergent thinking abilities of IX standard students”. 

The study records that, there is enhancement in divergent thinking and problem-solving 

ability when students learn in cooperative groups.  

 

Sabita P.Patnaik and Satyaprakash C.V (2005) conducted a study on the “Effect of 

Cooperative learning on Achievement motivation and Achievement in Biology”. The 

major concern of the study was to find out the effect of co-operative learning on 

achievement motivation and achievement in Biology.  

The major findings of the study revealed that; 

(i) There is a positive effect of co-operative learning on achievement motivation.  



 
 

(ii) The effect of co-operative learning on achievement in biology in terms of three 

objectives namely; knowledge, understanding and application showed positive 

effects on student’s achievement showing high interaction among students, 

explaining and generalizations and giving examples to one another involving 

them in reasoning ,informing and divergent thinking etc.  

 

Kumar and Hameed (2000) conducted a study on the “Effectiveness of Instructional 

Strategies on Achievement in Social Science”. The study was conducted on a sample of 

4o students of VII Standard. The pupils were taught through Learning Together model 

of Co-operative learning strategy. The post-test scores were compared with that of 

another 40 students who were taught through conventional method of teaching. Higher 

achievement was observed with pupils taught through co-operative learning strategy. 

 

Bindhu (1999) conducted a study on “Interaction Effect of Selected Instructional 

Learning Strategies (Co-operative Learning and Peer Teaching) and Cognitive Entry 

Behaviour of Standard VI Pupils on Achievement in Malayalam Language Skills”. 

 The main objective of the study was to find out the interaction effect of Co-

operative Learning, Peer Teaching and Cognitive Entry Behaviour of Standard VI 

Pupils on Achievement in Malayalam Language Skills”. 

The major findings of the study revealed that, there is a positive relationship between 

Co-operative Learning and achievement in Malayalam language skills. 

 

Golda, C. (1999) conducted a study on the “Effectiveness of Co-operative Learning 

Strategy over Traditional Method of Teaching English Language in Standard VIII 

Pupils”.  

The study found out that, Co-operative Learning Strategy was more effective than the 

Traditional Method of Teaching English Language in Standard VIII Pupils.  

 



 
 

Sathayaprakasha C.V (1998) conducted a study on “Effect of Cooperative Learning in 

achievement and Process skill in Biology, Achievement Motivation, and Children’s 

learning preferences and social relations”. The study was conducted with the broad 

objective of studying the effect of cooperative learning strategy on achievement, 

process skill, achievement motivation, learning preferences and social relations in 

Biology. The major findings of the study were; 

i. Cooperative learning strategy significantly promoted achievement with respect to 

knowledge, understanding, application and total achievement in biology in 

comparison to conventional method. 

ii. Achievement motivation was significantly increased in experimental group than 

control group. 

iii. Children’s’ learning preferences were more towards cooperative learning in case 

of experimental group. 

 

Hameed (1997) conducted an experimental study on “Effectiveness of co-operative 

learning strategy and Achievement motivation on Achievement in social science of VII 

standard students”. Samples of 80 students from two upper primary schools in the state 

of Kerala were selected for the experimentation. The investigator found that co-

operative learning was a better strategy than conventional method of teaching for social 

science. 

 

Anil C.Banerjee and T.J.Vidyapati (1997) compared the effect of lecture and 

cooperative learning strategies on achievement in chemistry in undergraduate classes. 

The results of the study indicate that; 

(i) Similar achievement by both lecture and cooperative groups. The total means 

aggregate scores in 3 achievement tests were average (52-54%) in both the 

lecture and cooperative groups.  

(ii) Hence it is clear that neither the lecture nor the cooperative learning strategy was 

very effective in enhancing the student’s achievements. However it could be 



 
 

inferred that the relative effectiveness of those two strategies was similar as has 

also been reported by earlier studies (Metz 1988, Sherman1989).  

(iii) The study suggests that the cooperative groups may need to be supplemented by 

whole group discussion and lecture. 

N. N. Pandey and Kaushal Kishore conducted a study on “Effect of Cooperative 

Learning on Cognitive Achievement in Science”. The study intends to examines the 

effect of one of the methods of cooperative learning—STAD on achievement in science 

in an Indian context.  

 The study used two intact classes of 9th grade students with 36 students. Both the 

classes were taught the same context for duration of twenty five instructional days. 

Students in the experimental class worked in small heterogeneous groups to learn the 

content while the other class was taught by traditional lecture-discussion method. 

Students’ outcomes were measured by an achievement test development for this 

purpose.  

 Data analysed through analysis of covariance revealed that, STAD was more 

effective than traditional method for knowledge level as defined by Bloom’s taxonomy. 

However, both the methods were found to be equally effective for comprehension level. 

 

2.4.2 Studies at International Level 
 
O. Patrick Ajaja and Ochuko Urhievwejire Eravwoke (2010) conducted a study on 

“Effects of Cooperative Learning Strategy on Junior Secondary School Students 

Achievement in Integrated Science.  

The purpose of this study was to determine how the adoption of cooperative learning as 

an instructional strategy for teaching Integrated Science influences students’ 

achievement and attitude towards studies. The study also determined how moderating 

variables like sex and ability affect students' achievement in Integrated Science when 

cooperative learning is used as an instructional strategy.  

The major findings of the study included:  



 
 

(i) There is a significant higher achievement test scores of students in cooperative 

learning group than those in traditional classroom; a significant higher attitude 

scores of students in cooperative learning group than those in traditional 

classroom; a significant higher achievement test scores of all students of varying 

abilities in cooperative learning group than those in traditional classroom. 

(ii) There is a no significant difference in achievement test scores between the male 

and female students in the cooperative learning group, and no significant 

interaction effect between sex and ability, sex and method, ability and method 

and among method, sex and ability on achievement. 

 

Muhammad Iqbal Majoka, Dr. Muhammad Saeed and Tariq Mahmood conducted 

a study on the “Effect of Cooperative Learning on Academic Achievement and 

Retention of Secondary Grader Mathematics Students”. This study aimed to assess the 

effectiveness of cooperative learning on the academic achievement of high and low 

achievers at secondary level in mathematics in Pakistan. It also focused on the effect of 

cooperative learning on the retention level of high and low achievers in mathematics at 

secondary level. 

Data analysis revealed that; 

(i) Both the experimental and the control groups were almost equal in mathematical 

knowledge at the beginning of the experiment.  

(ii) On retention test no significant difference was found between the high achievers 

of the Experimental and control groups, but it was significant in the low 

achievers of experimental group and the control group. Hence, cooperative 

learning appeared to be more favorable for low achievers than high achievers. 

 

Muhammad Iqbal (2004) studied the effect of cooperative learning on academic 

achievement of secondary school students in mathematics.  

The major findings of the study are;  



 
 

(i) Cooperative learning is more effective as a teaching learning technique for 

teaching mathematics as compared to traditional teaching method. 

(ii) Students in cooperative learning groups outscored the students working in 

traditional learning situation, but the cooperative groups have no obvious 

supremacy over students taught by traditional method in retaining the learnt 

material. 

(iii) Low achievers in cooperative groups have significant superiority over low 

achievers learning mathematics by traditional method. 

(iv) high achievers whether they are taught mathematics by cooperative learning or 

traditional method, retained learnt material at the same rate 

(v) Low achievers taught mathematics by using cooperative learning retained more 

material as compared to low achievers taught by traditional method of teaching. 

 

Rosini.B.Abu and Jim Flowers (1997) conducted a study to know the effects of 

cooperative methods on achievement, retention and attitudes of home Economics 

students in North Carolina. Here cooperative learning was compared to a non-

cooperative (competitive) learning classroom structure using a quasi-experimental 

design.  

The conclusions drawn were; 

(i) The cooperative learning approach is no less effective than the non cooperative 

learning approach with regard to home Economics students’ achievement or 

student retention of information. 

(ii)  The cooperative learning approach is no more or less effective than the non-

cooperative learning approach with regard to Home Economics students’ attitude 

towards the method of instruction. 

 

Robert J.Stevens and Robert E.Slavin (1995) conducted a study to know the effect of 

cooperative learning in elementary school on student’s achievement, attitudes and social 

relations. The study was conducted for 2 years using cooperative elementary school 



 
 

model to change school and classroom organization and instructional process. The 

components of the model include; using cooperative learning across variety of content 

areas, full scale mainstreaming of academically handicapped students, teachers using 

peer coaching, teachers planning cooperatively and parent involvement in the school.  

The following conclusions were drawn: 

(i) After the first year of implementation students in cooperative elementary schools 

had significantly higher achievement in reading vocabulary, reading 

comprehension and maths computation than did their peers in traditional 

schools. 

(ii) After 2 years, academically handicapped students in cooperative elementary 

schools had significantly higher achievement in reading vocabulary, reading 

comprehension and mathematics computation and mathematics application in 

comparison with similar students in traditional schools. 

(iii) The results also suggest that gifted students in heterogeneous cooperative  

   Learning classes had significantly higher achievement than their peers in  

   Enrichment programs without cooperative learning. 

 

Peter Akinola Okebukola (1986) conducted a study to know the impact of extended 

cooperative and competitive relationships on the performance of students in science. 

 The results obtained through this study are; 

(i) No significant difference was found to exist in the performance of students in the 

experimental (those exposed to cooperative and competitive situations) and the 

control conditions before the end of 4 weeks of treatment. 

(ii) After the 4 weeks students who carried out intra-group cooperation with 

intergroup competition achieved significantly better than students who engaged 

in pure cooperation and pure competition. 

 

Humphrey’s Johnson and Johnson (1982) compared the cooperative, competitive and 

individualistic strategies in science classes and found that, students who were taught by 



 
 

cooperative methods learned and retained significantly more information than students 

taught by the other methods. 

 

Hazel Baker and Deborah Jean (1977) conducted a study to examine the effects of 

alternative methods of teaching mathematics on mathematics achievement and attitude 

towards mathematics by comparing the lecture and cooperative learning methods to 

computer assisted instruction method. 

 The results of the study indicated that:  

(i) Students who participated in the cooperative learning class outperformed students 

in the computer assisted class on post achievement scores.  

(ii) A higher percentage of students had improved attitude towards mathematics than 

their computer assisted counterparts. 

2.5 STUDIES ON PROBLEM-SOLVING 

2.5.1 Studies at National Level 

Poonam Sukul (2007) conducted a study to find out the effect of individual and group 

settings in problem solving performances of higher secondary school students of 

Bhopal, Madhya Pradesh.  

The major findings of the study are; 

(i) Individual setting is better than group situation for solving problems. 

(ii)  The feelings of group responsibility inhibit the quality and the quantity of the 

performance. 

(iii) mixed conditions (working in both individual and group) working are also not 

very fruitful as the number of ideas produced in mixed conditions of working are 

less than individual and group condition. 

 

 

 

 



 
 

2.5.2 Studies at International Level 

BabatundeA.Adeyemi (2008) conducted a study on “Effects of cooperative learning 

and problem solving strategies on junior secondary school student’s achievement in 

social studies.  

The results of this study revealed that; 

(i) Cooperative learning strategy is best followed by the problem solving strategy 

and conventional strategy in that order. 

(ii) Achievement of boys and girls exposed to different treatment conditions, the 

boys had higher mean scores than girls in the cooperative and conventional 

strategies groups while the girls had an edge over the boys in the problem 

solving strategy group. 

(iii) The investigator considers the use of cooperative learning strategy  as the   

   Most suitable method for teaching social studies. 

 

Chiu,(2004) conducted a study on “Adopting teacher interventions to students needs 

during cooperative learning: How to improve student problem solving and time on task 

“; this study tested a model of teacher interventions (TIs) conducted during cooperative 

learning to examine how they affected students subsequent time on task(TOT) and 

problem solving. Teacher interventions involved groups of 9th grade students working 

on an algebra problem; videotaped lessons were transcribed and analysed.  

Results showed that; Teachers initiated most teacher interventions and typically did so 

when students off task are showed little progress. After teacher interventions, student 

time on task and problem solving often improved. In summary, teacher interventions 

can increase time on task and problem solving especially if teachers evaluate students 

work. 

 

Edna Leticia Hernandez Gardunio (2001) conducted a study to investigate the 

influence of cooperative problem solving on gender differences in achievement, self 



 
 

efficacy and attitudes towards mathematics in gifted students. 48 students from 7th and 

8th grades participated in a two week course on probability and statistics taught through 

mathematical problem solving approach using heuristic strategies. The major findings 

of this study are; 

(i) Single gender group are more beneficial for females and no statistical difference 

in achievement or self efficacy were found among the groups. 

(ii) Statistically significant difference in attitudes towards mathematics was found 

favouring students in the whole group instructional competitive settings.  

 

Zhining Quin, David W.Johnson and Roger T.Johnson (1995) compared the impacts 

of cooperative and competitive efforts on problem solving.  

The results of the study revealed that; 

(i) Members of cooperative teams outperformed individuals competing each other 

on all types of problem solving. These results held for individuals of all ages and 

for studies of high, medium and low quality.  

(ii) The superiority of cooperation however was greater on non-linguistic than 

linguistic problems. 

 

Butler, Renee Hill (1991) studied cooperative learning and computer simulations: 

examining effects on the problem solving abilities of 6th grade students.  

Findings indicate that; 

(i) While both individual and cooperative groups showed gains on 4 or 5 pretest/ 

posttest measures, the computer assisted cooperative learning groups showed a 

significantly more computer simulation tasks.  

(ii) Interaction analysis also suggests that there were 8 categories of group interaction 

with in the computer assisted cooperative learning classes.  

(iii) The most successful computer assisted cooperative learning group made 

extended use of an information question pattern not used by the least successful 

group. 



 
 

 

Dees, R. (1991) conducted a study on “The role of cooperative learning in increasing 

problem-solving ability in a college remedial course”. This study was conducted with 

an intention of determining whether a minimum level of teacher invention could induce 

cooperative learning on the part of students and whether cooperative learning would 

help students increase their problem-solving skills. Students using cooperative learning 

performed better than the control group.  

 

Brickle, W. (1990) conducted a study on “Improving The Problem-Solving Skills of 

At-Risk High School Mathematics Students through Cooperative Work Groups and 

Computer Assisted Instruction”. 

In this study the researcher used a variety of learning preferences such as co-operative 

learning, Socratic questioning and computer assisted instruction so as to improve 

interest and success in mathematics. The result showed that, students’ performance was 

improved and the class attendance was improved. 

 

John A. Ross (1988) carried out a study entitled “improving social- environmental 

studies problem solving through cooperative learning. Two instructional field 

experiments were conducted to compare the effects of a cooperative learning group 

method (Slavin’s student team achievement division) to a whole class method on the 

acquisition of selected socio-environmental student’s problem solving skills by grade 

4th students.  

The results showed that both the methods outperformed the control and that the 

cooperative strategy was slightly less effective than the whole class approach. 

 

 

 

 

 



 
 

2.6 STUDIES ON CRITICAL THINKING 

2.6.1 Studies at National Level 

Anuradha A. Gokhale  in her research article on Collaborative Learning enhances 

Critical Thinking, it was concluded that, collaborative learning fosters the development 

of critical thinking through discussion, clarification of ideas, and evaluation of others' 

ideas. Therefore, if the purpose of instruction is to enhance critical- thinking and 

problem- solving skills, then collaborative learning is more beneficial. 

 

Asmani Jane, Bartley Baugh conducted a study on the problem entitled “An 

experimental study of the relationship between cooperative learning and critical 

thinking”.  

The major findings of the study support the view that, students who use cooperative 

learning structure attached has greater importance to academic achievement and 

believed that peers had a positive interest in their success in learning. Cooperative 

learning challenged to students to develop critical thinking and problem solving as they 

worked in groups achieved well than who were studied in the conventional textbook 

under the category critical thinking. 

 

2.6.2 Studies at International Level 

Phawani Vijayaratnam (2009) Conducted a Study on “Cooperative Learning as a 

Means to Developing Students’ Critical and Creative Thinking Skills”. The main focus 

of this research is to know how effective cooperative learning skills and the deliberate 

and conscious use of problem solving tools can aid students to develop their thinking 

skills which in turn can positively affect their personal, interactive and analytical skills 

– skills vital in the workforce.  

The major findings of the study revealed that, adopting critical thinking tasks centered 

on cooperative learning strategies helps improve social relationships among team 

members. It gives learners the opportunity to learn and practice and imbibe the virtues 



 
 

of cooperative skills such as positive interdependence, positive interaction, and group 

processing and interpersonal skills. 

 
Massey, Scottlee (2004) carried out a study on the effects of cooperative learning 

versus traditional classroom instruction on cognitive achievement, critical thinking and 

attitude towards learning in teams in physical assistant programme. The purpose of the 

study was to determine whether a statistical difference exists between students educated 

in a cooperative learning environment versus traditional lecture environment.  

The findings revealed no statistically significant difference in cognitive achievement 

and critical thinking scores between cooperative learning section and the lecture 

section. 

 

CONCLUSION 

 It is evident from the above reviews that, the area of constructivist philosophy 

based on cooperative learning has attained due importance because of its growing trend 

in the field and vivid benefits.  

The overview of the researches conducted in the field of cooperative learning in general 

and cooperative learning and teacher education in particular has helped the investigator 

to have clarity pertaining to the formulation of objectives, hypotheses, methodology and 

statistical interpretations. 

From the review of related studies it was found that there were few Indian studies 

conducted in the area of co-operative learning in general at school education level and 

teacher education (D.Ed and B.Ed) in particular. Hence, an attempt has been made by 

the researcher to conduct a research on student-teachers studying in the field of 

secondary level teacher education by considering the variables like achievement, 

problem-solving and critical thinking abilities. 
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CHAPTER-3 
 

METHODOLOGY 
 

 This chapter includes the description of methodology adopted in conducting the 

research. This section highlights all the steps followed in the conduct of the study. The 

chapter includes details like statement of the problem, variables, objectives, operational 

definitions of the different terms used in the study, sampling procedure, tools used in 

the present study, description of the design of this study along with the statistical 

techniques used in analyzing the research data. 

 

3.1 Statement of the Problem 

The problem selected for the present research is stated as; 

EFFECTIVENESS OF CO-OPERATIVE LEARNING STRATEGY IN 

FACILITATING SCHOLASTIC ACHIEVEMENT, PROBLEM-SOLVING AND 

CRITICAL THINKING ABILITIES AMONG STUDENT- TEACHERS 

 

3.2 Objectives of the study 
The present study was undertaken with the following broad objectives: 

1. To study the effectiveness of Cooperative learning strategy on Scholastic 

achievement, problem solving and critical thinking abilities of student teachers. 

2. To compare the effectiveness of Cooperative learning strategy and Conventional 

method of teaching physical science in terms of enhancing scholastic 

achievement. 

3. To compare the effectiveness of Cooperative learning strategy and Conventional 

method of teaching physical science in terms of enhancing problem solving 

ability. 



 
 

4. To compare the effectiveness of Cooperative learning strategy and Conventional 

method of teaching physical science in terms of enhancing critical thinking 

ability. 

5. To analyze the effectiveness of Cooperative learning strategy among student-

teachers when they are classified according to their subject-discipline, 

educational status and intelligence levels. 

6. To investigate interaction between ‘treatments’ and ‘subject discipline’ with 

reference to enhancement in scholastic achievement, Problem-solving and critical 

thinking abilities. 

7. To investigate interaction between ‘treatments’ and ‘Educational status’ with 

reference to enhancement in scholastic achievement, Problem-solving and critical 

thinking abilities. 

8. To investigate interaction between ‘treatments’ and ‘levels of students’ with 

reference to enhancement in scholastic achievement, Problem-solving and critical 

thinking abilities. 

9. To investigate whether the student-teachers sustain scholastic achievement, 

Problem-solving and critical thinking fostered through Cooperative learning 

strategy. 

3.3 Variables of the study 
The variables used in the study are classified into dependent, independent and 

moderate variables. 

I. Independent variable 

 Cooperative learning strategy 

II. Dependent variables 

 Scholastic achievement 

 Problem-solving ability 



 
 

 Critical thinking ability 

III. Moderate variables 

 Subject discipline 

 Educational status 

 Levels of students 

3.4 Operational definitions 
A number of terms and concepts have been used in the study to convey the 

specific meaning an attempt has been made to explain in what sense these terms 

and concepts have been used in the present study. 

 

1. Cooperative learning strategy:  

“Cooperative learning is a successful teaching strategy in which small teams, each with 

students of different levels of ability, use a variety of learning activities to improve their 

understanding of a subject. Each member of a team is responsible not only for learning 

what is taught but also for helping teammates learn, thus creating an atmosphere of 

achievement”. In this method each student will participate actively in the process of 

constructing the knowledge. 

2. Conventional method:  

This method of teaching is teacher dominated, text book centered and examination 

oriented. The emphasis is mainly on the process of recalling, remembering and 

reproducing scientific concepts, principles and processes. The students here are passive 

listeners and there will not be any active participation amongst the peer group. 

3. Scholastic achievement: 

Achievement refers to the knowledge attained or skill developed in scholastic subjects 

usually designated by test scores or by marks assigned by the teachers. 

4. Problem-solving ability:  

“Problem-solving is defined as the ability of an individual to solve problems of day to 

day life situations by using his/her Knowledge and experiences”.  



 
 

5. Critical thinking ability: 

 “Critical thinking is defined as a process which involves analysis, synthesis and / or 

Evaluation of information gathered”. 

6. Subject-discipline:  

Subject-discipline refers to the Methodology opted by the student-teachers in their B.Ed 

course. The Methodology here refers to the physics-Mathematics group and Chemistry-

Biology group. 

7. Educational status:  

Educational status refers to the educational level of the student-teachers at the time of 

their entry into the B.Ed course. 

8. Levels of students:  

Level of the student here refers to the classification of the students into above average, 

average and below average based on their scores in standard progressive matrices 

intelligence test. 

3.5 Research Hypotheses 
 

The following research hypotheses were formulated in pursuance of the major 

objectives of the study: 

1. Cooperative learning as a strategy is more effective than the conventional method 

of teaching physical science in terms of scholastic achievement. 

2. Cooperative learning as a strategy is more effective than the conventional method 

of teaching physical science in terms of problem-solving ability. 

3. Cooperative learning as a strategy is more effective than the conventional method 

of teaching physical science in terms of critical-thinking ability. 

4. There is interaction between ‘treatments’ and ‘subject discipline’ with reference 

to scholastic achievement. 

5. There is interaction between ‘treatments’ and ‘subject discipline’ with reference 

to problem-solving ability. 



 
 

6. There is interaction between ‘treatments’ and ‘subject discipline’ with reference 

to critical thinking ability. 

7. There is interaction between ‘treatments’ and ‘Educational status’ with reference 

to scholastic achievement. 

8. There is interaction between ‘treatments’ and ‘Educational status’ with reference 

to problem-solving ability. 

9. There is interaction between ‘treatments’ and ‘Educational status’ with reference 

to critical-thinking ability. 

10. There is interaction between ‘treatments’ and ‘Levels’ with reference to 

scholastic achievement. 

11. There is interaction between ‘treatments’ and ‘Levels’ with reference to problem-

solving ability. 

12. There is interaction between ‘treatments’ and ‘Levels’ with reference to critical-

thinking ability. 

13. Immediate and delayed post-test scores of the experimental group differ 

significantly with reference to scholastic achievement. 

14. Immediate and delayed post-test scores of the experimental group differ 

significantly with reference to problem-solving ability. 

15. Immediate and delayed post-test scores of the experimental group differ 

significantly with reference to critical thinking ability. 

The above stated hypotheses are subjected to testing. 

 

3.6 Design of the Experiment 
 The main focus of the present study is to know the effectiveness of cooperative 

learning strategy on the scholastic achievement, problem-solving and critical thinking 

abilities of student-teachers. In order to realize the objectives of the study experimental 

research was carried out by the researcher. The major objective of experimental 

research is to establish the cause-effect relationship.  



 
 

 The present study was experimental in nature. Pre-test post-test equivalent group 

experimental design was followed in the present study. In this design pre-tests were 

administered before the application of the experimental and control treatments and post-

tests at the end of the treatment period. This design was found to be most appropriate 

after review of related literature in experimental designs. 

 

Representation of the pre-test post-test equivalent groups design 

 

M O1×O2                          X gain=O2- O1                   O1 O3= Pre-tests 
 

M O3×O4                        C gain= O4- O3                   O2 O4= Post-tests 
 

                                     
Where, 

M=Matched groups 

O=Observation 

X=Exposure of group to an experimental (Treatment) variable 

C= Exposure of group to the control condition 

3.7 Description of the Tools used for Research 
In experimental studies, two types of information are needed. Firstly, the nature 

of the sample and secondly, the measurement of desirable behavioural changes in the 

sample group as a result of treatment variables. The researcher always looks for the best 

available tools or constructs them. 

 In the present study the test namely Standard Progressive Matrices (SPM) is used 

to obtain two matched groups. As a result of treatment variable there would be some 

change in the dependent variables. For measuring those changes the following three 

tests were used; 

i. Scholastic achievement test in CCM of teaching physical science. 

ii. Problem-solving ability test 

iii. Critical thinking ability test. 



 
 

Among the tests used for measuring the dependent variables, the Scholastic 

achievement test was constructed by the researcher. The other tools used were 

standardized tools and the details of those tools are given in the following paragraphs. 

 

3.7.1 Standard Progressive Matrices (SPM) 

Raven has developed a non-verbal culture free test by name progressive matrices 

to measure the intelligence of literate as well as illiterate individuals. It tests a person’s 

capacity to apprehend meaningless figures presented for his observation. He sees the 

relationship between them conceives the nature of figures completing each system of 

relations presented and develops a systematic method of reasoning. The test provides an 

opportunity for the assessment of a person’s capacity for intellectual activity. This test 

was designed to be used with persons of all ages, whatever their education, nationality 

and physical education. 

This test consists of five sets of items (A, B, C, D and E). Each set has 12 items 

constituting 60 items in all. Each item has a large design in which a portion is missing. 

Below each item six alternative answers with numbers are given. The candidate is 

required to identify the correct answer and record it in a separate answer sheet provided 

for this purpose. The answers can be scored with the help of the scoring key given in 

the manual. 

 

a) Reliability 

i. Test-retest reliabilities reported by the authors (Stinissen, Dolke, Sheppard and 

Goetzinger) range from 0.80 0.93. 

ii. Consistency reliabilities reported range from 0.87 to 0.97. 

 

b) Validity 

i. Concurrent validity: the correlations of SPM with Binet and Wescheler scale 

range from 0.54 to 0.86. 



 
 

ii. Predictive validities of SPM with scholastic achievement range up to 0.70. 

iii. Factoral validity: The progressive matrix has been described as one of the 

general intellectual functioning (‘g’). Factor analytic studies reveal high 

loading up to 0.83 on ‘g’. 

 

3.7.2 Scholastic Achievement Test in CCM of Teaching Physical Science. 
 The present study was undertaken with the objective of testing the effectiveness 

of Cooperative learning  strategy on achievement in physical science among student-

teachers studying in colleges of Education. The researcher has prepared an achievement 

test in physical science on selected topics and the same was administered to both the 

groups viz; experimental and control groups as pre and post test.The achievement tests 

are prepared with the intention of testing the specific outcomes of a specific subject. In 

the present study, the researcher has prepared and validated the achievement test.  

Steps involved in the construction of achievement test are; 

 Planning of the test 

 Preparation of the design 

 Preparation of Blue print( 3 Dimensional chart showing the weightage given to 

objectives, content and  type of questions) 

 Try out( preliminary testing) 

3.7.2.1 Planning Of the Test 

The researcher thoroughly studied the syllabus of content cum methodology of 

teaching Physics and chemistry and selected the topics that can be effectively taught 

using the cooperative learning strategy. The test is designed to measure the outcomes in 

terms of objectives namely; knowledge, understanding, application, analysis, synthesis 

and other higher order abilities like problem-solving and critical thinking. 

3.7.2.2 Preparation of the Design 

After determining the scope of the test, a design was developed which is in tune with 

the plan. Proper weightage was given to the various objectives, content and difficulty 



 
 

level of items. The items were prepared on the basis of the major objectives in cognitive 

domain. The details of the items are given in the form of blue print. 

3.7.2.3 Weightage to Objective 

The weightage given to different objectives in the achievement test is given in the 

following table 3.1. 

 

Table 3.1 : weightage to objectives 

Sl.No. Instructional objective Marks Percentage 

1 Knowledge 08 20 

2 Understanding 10 25 

3 Application 06 15 

4 Analysis 06 15 

5 Synthesis 06 15 

6 Evaluation 04 10 

 Total 40 100 

 

3.7.2.4 Weightage to content 

 After a thorough analysis, the researcher has divided the content to be taught in 

major units namely Nuclear Physics and Heat under different sub topics which was 

again divided into 15 lessons. Equal weightage was given to different units in the 

achievement test is shown in the following table 3.2. 

Table 3.2: Weightage to content 

Sl.No.                  Topics        Marks    Percentage 

1 Nuclear physics 20 50 

2 Heat 20 50 

 Total 40 100 

 

 



 
 

3.7.2.5 Weightage to the difficulty level 

 Proper weightage was given to the difficulty level of the items. Items were prepared 

keeping in mind the above average, average and below average students. The weightage 

given to difficulty level of the test is shown in the table 3.3     . 

Table 3.3: Weightage to the difficulty level 

Sl.No Difficulty level Marks Percentage 

1 Easy 10 25 

2 Average 20 50 

3 Difficult 10 25 

                    Total 40 100 

 

3.7.2.6 Blue print of the Achievement test 

The blue print is a three dimensional chart showing the distribution of weightage to 

objectives, content and difficulty level as shown in the table 3.4. 

Table 3.4: Blue print of the Achievement test 

 

Sl.

No 

Objectives  Kn Un Applica- 

tion 

 Analysis Synthesi

s 

Evalu

a- 

tion 

 

Total 

          Type of     

                  Question 

Content 

 M.C M.C M.C M.C M.C M.C  

1 Nuclear Physics 5(1) 4(1) 3(1) 2(1) 4(1) 2(1) 20 

2 Heat 3(1) 6(1) 3(1) 4(1) 2(1) 2(1) 20 

 Total 8 10 6 6 6 4 40 

 

* Number outside the bracket indicates the number of questions. 

* Number inside the bracket indicates the marks. 



 
 

3.7.2.7 Scoring 

The present test consisted of multiple choice items, simple scoring method was 

followed. One mark each was awarded for the correct response. The students were 

instructed to write one correct response from among the given four alternatives. 

3.7.2.8 Try out of the test 

A pilot test was conducted on the students other than the sample selected for the study. 

Enough time was given to complete the test. The response sheets were collected and 

scored with the help of the scoring key and were subjected for item analysis. 

 

3.7.2.9 Item Analysis 

Item analysis is a process of determining quality of items and the test as a whole. 

All the 50 items were evaluated by computing the difficulty index and discrimination 

index of the items. 40 items which had acceptable difficulty index and discrimination 

index were selected after the try out for the final tool. The difficulty index and 

discrimination power index of the selected items are given in the appendix-A(I). 

   

3.7.2.10 Reliability of the Achievement test 

Reliability of a test refers to the degree of consistency and accuracy with which the test 

measures what it intends to measure. In the present study Reliability was established 

using split- half technique using Spearman- Brown prophecy formula. The formula is 

given below.   

The detailed procedure of computing is given in the appendix-A (II). 

The obtained reliability co-efficient r= 0. 73 was found to be highly significant. 

 

3.7.2.11 Content Validity of the Achievement test  

Content Validity is the most important quality needed for a test. Validity of a test is 

defined as the ability of the test to measure what it intends to measure.  

Content validity is most appropriately applied only to tests of proficiency and 

educational achievement. This type of test is designed to measure how well the 



 
 

individual has mastered a specific skill or course of the study. For ensuring the content 

validity and construct validity the opinion of the experts was taken.  

 

3.7.3 Problem-Solving Ability Tool  

 Dr.G.Sheela has developed and standardized this test of problem solving ability. 

This content free tool could be used to identify the problem solving ability of all 

students. The tool has 15 items which are arranged in the ascending order of their 

difficulty. Simple scoring method was followed for giving weightage to the responses 

of the students. One mark each was awarded to the first and second step correctly 

answered. The third and the final step i.e. arriving at the final solution are awarded with 

one mark each for every relevant, possible, unrepeated solution. The score that the 

student can get in this test was ranged from zero and above. 

The reliability co-efficient from Test-Retest method r=0.75 and by Split-Half method 

was r=0.92 which are found to be highly significant. The validity co-efficient was 

rt=0.93. 

 

3.7.4 Critical Thinking Test In Science 

 Critical thinking test in science Constructed &validated by Dr.Kavya Kishore 

was used to collect the data pertaining to students critical thinking ability. The tool has 

a total of 25 items which were classified under two major sections.  

The reliability co-efficient from Split-Half method was r=0.76 which is found to be 

highly significant.  

 

3.8 Sampling Procedure  

Multistage purposive sampling technique was employed. The procedure of selection of 

the sample is as follows: 

 

 

 



 
 

3.8.1 Selection of college 

A suitable college where the experiment could be conducted was identified. M.E.S 

Teacher’s college, CTE, Rajajinagar, Bangalore has been identified to conduct 

experiment using the cooperative learning strategy, keeping the following facts in view.  

a) The strength of student-teachers with science subject –discipline was more in 

number compared to other colleges. 

b) The willing cooperation of the head of the institution as well as the faculty. 

c) Regularity of student-teachers. 

The control group was chosen from Dr. B.R.Ambedkar college of Education, 

Kurubarahalli, Bangalore. 

The colleges were allocated as experimental and control groups by equating the two 

groups by administering them the intelligence test. 

Table 3.5 gives the details of the colleges selected for the purpose of research.  

                                            Table 3.5 

Sl.No                              Name of the college Nature of 

group 

1 M.E.S Teachers’ college, C.T.E, Rajajinagar, 

Bangalore. 

Experimental 

Group 

2 Dr.Ambedkar college of Education, Kurubarahalli, 

Bangalore. 

Control group 

             

3.8.2 Obtaining Two Parallel Groups: 

Researcher after selecting the colleges for this, all student-teachers who have opted 

physics-Mathematics and Chemistry-Biology methods were administered Raven’s 

Progressive matrices to declare homogeneity. 

The raw scores obtained from the SPM test were converted into T-Scores using the 

formula, T=10Z+50. Where,  Z = X-M  

                                                                     S.D     



 
 

Here, X-represents the raw score and M represents the Mean. 

The scores which are equally matching were identified by arranging the scores in 

descending order in each group. 30 such matched pairs of students were obtained which 

formed the sample of the present study (Appendix-D) 

 
Entire Population 

(B.Ed Colleges affiliated to Bangalore University) 

 

 
Two colleges 

of Education from Bangalore city 
 

                                          

Student-teachers belonging 
to Physics/Maths and 
Chemistry/Biology 

 
 

 

 

Experimental Group                                                Control group 

30 students’                                                           30 students 

 

PARALLEL GROUPS 

 

Figure 3.1 Diagrammatic representation of sampling procedure 

  

 The Experimental group was subjected to treatment using the Learning together 

model of Cooperative learning strategy. The student-teachers were taught selected 

topics in physical science using this model. 

 

 



 
 

3.9 Constitution of Levels 

  The t-scores of SPM were arranged in descending order. The top ‘one third’ of 

the students in each group was treated as ‘above average level’. The bottom one third 

formed the ‘below average level’ and the middle ‘one third’ of the students were treated 

as ‘average’ levels. 

 

3.10 Preparations for Conducting the Experiment 

 The philosophy behind cooperative learning was thoroughly studied by the 

researcher. Principles on which the cooperative learning is based and various techniques 

the cooperative learning strategy were also studied.  

The researcher has conducted a Meta analysis to know about the process of actual 

implementation of this strategy in the classroom situation. This gave the researcher the 

idea about the format of the lessons. 

Lesson transcripts for the selected topics were written following the basic principles of 

cooperative learning strategy. These lesson transcripts were given for the scrutiny by 

the experts and the guide. The experts were the method masters teaching in colleges of 

Education, senior teachers working in secondary schools and research experts from 

Bangalore, Karnataka and Mysore Universities.  

  As per the suggestions of experts, the draft lesson plans were tried out on a 

group of student-teachers other than the sample group selected for the study. This 

experience gave an insight to the researcher regarding the aspects to be covered under 

each stage. The feed back got from the stake holders and the suggestions given by the 

experts were incorporated and the final sets of lesson plans were written. 

3.11 Conduct of the Experiment 

The design selected for the present study is pre-test post-test equivalent group 

design.  The difference between the pre-test scores and the post-test scores are used to 

judge the effect of treatment variable and then it will be compared with the control 

group.  

The following are the main steps involved in the study. 



 
 

i. Both Experimental and Control groups were pre-tested on scholastic achievement 

test in Physical science, Problem-solving and critical thinking ability tests. 

ii. The Experimental group was taught through Cooperative Learning strategy and the 

control group was taught by the conventional method for a period of 1 month.  

iii. Both the groups were immediately post-tested on  scholastic achievement, 

Problem-solving and critical thinking ability tests. 

iv. The Experimental group was delayedly post-tested after a gap of six weeks to know 

the retention or sustainability in terms of Scholastic achievement, Problem-solving 

and Critical thinking ability tests. 

 The procedure followed in the conduct of the experiment is schematically shown 

in the figure 3.2.                          

 
 

PRE-TESTING 
ATPS, PSAT, CT 

 
 

 

 

Experimental Treatment 
M.E.S college student-teachers 

 
 

 

Conventional Treatment 
Dr. Ambedkar College Student-

teachers 
 

 

   

 
 

IMMEDIATE POST-TESTING 
ATPS, PSAT, CT 

 
 

 

 

 

DELAYED POST-TESTING 
     ATPS, PSAT, CT 
 
 

Figure 3.2 schematic representation of the experimental design. 

 



 
 

Pre-testing 

 30 pairs of student-teachers of both the experimental and control groups were 

simultaneously pre-tested on achievement in physical science, problem-solving and 

critical thinking ability tests. One test was conducted each day for both the groups to 

avoid fatigue.  

 

Applying treatments 

The treatment was applied for a period of one month. The lesson transcripts prepared 

using learning together model of cooperative learning strategy were used by the 

researcher. The duration of each lesson was one hour. Thus 15 such lessons on various 

topics were taught during the period of one month. During the process of treatment they 

were also allowed to conduct simple experiments in groups along with the use of open 

learning resources such as videos, power point presentations etc. based on the nature of 

the topic students were made into different groups of students with mixed abilities thus 

forming a heterogeneous groups. Students were also provided with the work sheets 

where in they were allowed to answer both in groups’ aswellas individually. The 

sample of both the lesson transcripts and worksheets are given in the appendix. In the 

mean while the control group was taught by their regular teachers using conventional 

method and few topics were given in the form of seminar presentations. This method 

was teacher dominated where in the students were passive listeners in the classroom. 

They were not given the opportunity to construct concepts on their own. 

 

Immediate post-testing 

 Immediately after the completion of treatments for both the groups they were 

post tested on achievement in physical science, problem-solving and critical thinking 

ability tests. 

 

 

 



 
 

Delayed post-testing 

After the post-test was administered students were given a gap of six weeks. After these 

six weeks the experimental group was post-tested again on the same tools namely 

achievement in physical science, problem-solving and critical thinking ability to know 

retention power of the students in the experimental group on the dependent variables. 

 

3.12 Statistical Techniques Used 
The pre-test, immediate post-test and delayed post-test answer sheets obtained from the 

students of both experimental and control groups were scored as per the guidelines and 

scoring keys of each test. The scores thus obtained were tabulated and the gain scores 

between pre and post-tests were considered as raw scores for further statistical analysis. 

The following statistical techniques were used to analyze the collected research data to 

test the hypotheses; 

 t-test 

 2 Way ANOVA 

t-test 

To know whether the control and experimental groups differ on the dependent variables 

initially before applying the treatments t-test was used. t-test was also used to know 

whether the immediate post-test and delayed post –test scores differ significantly with 

reference to dependent variables. 

ANOVA 

 The main principle involved in the use of ANOVA is the comparison of 

variability between the groups with the sum of variability found with in the groups. As 

two-way analysis of variance permits the simultaneous study of two factors as well as 

interaction between the two, this technique was used for the purpose of analysis of data.  

 



 
 

3.13 Limitations of the Study 
The following are the limitations of the study; 

 The student-teachers who have opted Physics-Mathematics and Chemistry-

Biology are only involved in the experiment. 

 Effectiveness of cooperative learning strategy is measured only in terms of their 

scholastic achievement, Problem-solving and critical thinking ability. 

 Sample groups are selected from two separate colleges due to the non availability 

of good number of student-teachers. 

 The study was confined to a few selected topics of Content cum methodology of 

teaching Physical science. Time taken for each activity was less due to the busy 

schedule of B.Ed programmes. 

 Only ‘Learning together model’ of cooperative learning strategy was adopted in 

the present study. 
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CHAPTER-4 

ANALYSIS AND INTERPRETATION OF DATA 

 

The quantitative data collected through the administration of various tools on 

selected sample are raw. The data collected need to be tabulated, organized, analyzed 

and interpreted for drawing conclusions and to give educational implications. Statistical 

techniques contribute a lot in gathering, organizing, analyzing and interpreting the 

numerical data. This chapter show how the data were analyzed interpreted and reported. 

The researcher has used the following statistical techniques to analyze the quantitative 

data; Mean, Standard deviation, ‘t’test and ANOVA. This chapter has been comprises 

three sections. Section-1 deals with analysis of data collected before the experimental 

treatment. Here, analysis of data is done to confirm whether both the groups namely; 

Experimental and Control group are similar with reference to dependent variables. 

Section-2 deals with analysis of data collected after the experimental treatment with 

reference to the selected variables namely; Scholastic Achievement, Problem-solving 

and Critical thinking abilities.Section-3 deals with the analysis of data pertaining to 

sustainability of treatment effects. 

 

 

 

 



 
 

SECTION-1 

 
4.1 Comparison of Pre-Test data of Experimental and Control Groups 

 

The present study aims at finding the effectiveness of Cooperative learning 

strategy in facilitating scholastic achievement, Problem-solving and Critical thinking 

abilities of student-teachers studying in colleges of Education. The researcher has 

adopted experimental method for obtaining the research data. Hence, Variable wise pre-

test scores of experimental and control groups were compared by using‘t’-test. ‘t’-test 

was done to find out whether the student-teachers of experimental and control groups 

were similar in terms of dependent variables before subjected to experimental 

treatment. Even though both the groups were matched by using Raven’s progressive 

matrices test. This was done to confirm whether there exists any difference between 

these two groups in terms of the dependent variables-scholastic achievement, Problem 

solving and Critical thinking ability. 

The analysis carried out in this section is presented under the following sub-

sections. 

4.1.1 Comparison of Pre-test scores of student-teachers in the Experimental and Control 

groups with reference to Scholastic Achievement. 

4.1.2 Comparison of Pre-test scores of student-teachers of Experimental and  Control 

groups with reference to Problem-solving. 

4.1.3 Comparison of Pre-test scores of student-teachers experimental and  

         Control groups with reference to Critical-thinking. 

 

 

 



 
 

For testing whether there is any significant difference between these two groups 

in terms of the dependent variables; Scholastic achievements, Problem solving and 

Critical thinking ability, the following null hypotheses (HO1 to HO3) were set. 

The corresponding scores of HO1 to HO3 are given in appendices F (I), F (II) and F (III) 

respectively. 

 

4.1.1 Comparison of Pre-test scores of student-teachers of Experimental and 

Control groups with reference to Scholastic Achievement. 

 

HO1: There is no significant difference between Pre-test scores of Experimental and 

Control group with reference to their scholastic achievement.  
TABLE 4.1: GROUP WISE N, MEAN, STANDARD DEVIATION AND‘t’ VALUES OF 

PRE-TEST SCORES WITH REFERENCE TO SCHOLASTIC                           

ACHIEVEMENT 

 

      GROUP N 

 

Mean 

 

S.D 

 

‘t’ Value 

 

Significance  

Experimental Group 30 14.46 4.71  

1.17 

 

 

NS* 

 
Control group 30 13.36 2.04 

 

NS*=Not Significant  

 From Table 4.1 it can be seen that, obtained‘t’ value is 1.17 which is not 

significant. It indicates that the mean scores of scholastic achievement of experimental 

and control group do not differ significantly. Thus, the null hypothesis that “there is no 

significant difference between Pre-test scores of Experimental and Control group with 

special reference to their scholastic achievement” is accepted. Therefore it may be 

concluded that, experimental group and control group were alike and equal with 

reference to scholastic achievement before subjected to treatment. 



 
 

 

Graph-3: Comparison of Pre-test scores of Experimental and Control groups with 

reference to Scholastic achievement test. 

 

 
4.1.2     Comparison of Pre-test scores of student-teachers of Experimental and 

Control groups with reference to Problem-solving ability. 

HO2: There is no significant difference between Pre-test scores of Experimental and 

Control group with reference to their problem-solving ability. 

Table 4.2: GROUP WISE N, MEAN, STANDARD DEVIATION AND‘t’ VALUES OF PRE-

TEST SCORES WITH REFERENCE TO PROBLEM-   SOLVING ABILITY 

 

GROUP N 

 

Mean 

 

S.D 

 

‘t’ Value 

 

Significance  

Experimental Group 

 

30 15.63 7.58  

1.01 

 

NS* 

 Control group 30 14.03 4.26 

NS*=Not Significant 
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From the Table 4.2 it can be seen that, the obtained‘t’ value 1.01 which is not 

significant. It indicates that the mean scores of problem-solving of experimental and 

control group do not differ significantly. Thus, the null hypothesis that there is no 

significant difference between Pre-test scores of Experimental and Control group with 

special reference to their problem-solving ability is accepted. Therefore it may be 

concluded that, experimental group and control group were alike and equal with 

reference to problem-solving ability before subjected to experimentation. 

Graph-4: Comparison of Pre-test scores of Experimental and Control groups with 

reference to Problem-solving ability. 
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4.1.3 Comparison of Pre-test scores of student-teachers of experimental and 

Control groups with reference to Critical-thinking ability. 

 

HO3: There is no significant difference between Pre-test scores of Experimental and 

Control group with reference to their Critical-thinking ability. 

Table 4.3: GROUP WISE N, MEAN, STANDARD DEVIATION AND‘t’ VALUES  OF 

CRITICAL-THINKING ABILITY 
 

GROUP N 

 

Mean 

 

S.D 

 

‘t’ Value 

 

Significance  

Experimental Group 30 12.63 3.25  

0.31 

 

NS* 

 
Control group 30 12.40 2.37 

 

NS*=Not Significant 

  

From the Table 4.3 it can be seen that, the obtained‘t’ value 0.31 which is not 

significant. It indicates that the mean scores of Critical-thinking ability of experimental 

and control group do not differ significantly. Thus, the null hypothesis that there is no 

significant difference between Pre-test scores of Experimental and Control group with 

reference to their Critical-thinking is accepted. Therefore, it may be concluded that, 

experimental group and control groups were alike and equal with reference to Critical-

thinking ability before subjected to experimentation. 

 

 

 

 

 



 
 

Graph-5: Comparison of Pre-test scores of Experimental and Control groups with 

reference to critical thinking ability. 

 

 

 
 

DISCUSSION OF RESULTS 

The results obtained from the above analysis show that, the Experimental and 

Control groups were alike with reference to all the dependent variables before subjected 

to treatments. That means, the entry behaviour of all the student- teachers irrespective 

of experimental and control groups with reference to dependent variables were same 

and the groups are almost homogeneous with reference to the selected variables. It also 

confirms the appropriateness of matching of the groups. Therefore, it may be concluded 

that, the difference noticed in selected variables after the application of treatments may 

be attributed to the treatment only. 
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SECTION-2 

 
4.2 ANALYSIS OF DATA COLLECTED AFTER THE EXPERIMENTAL 

TREATMENT 

 

 From the Post-tests conducted on experimental and control groups, scores on the 

selected variables were obtained. The analysis of data under this section is presented 

under the following sub-sections; 

 

4.2.1 Comparison of Post-test scores of student-teachers in the Experimental and 

Control groups with reference to Scholastic Achievement. 

4.2.2 Comparison of Post-test scores of student-teachers in the Experimental and 

Control groups With reference to Problem-solving ability. 

4.2.3 Comparison of Post-test scores of student-teachers in the Experimental and 

Control groups With reference to Critical-thinking ability. 

 

The analysis carried out under each sub-section is given below. 

4.2.1 Comparison of Post-test Scores of Student-teachers in the  

         Experimental and Control Groups with reference to Scholastic 

         Achievement  

The post-test was administered to both the groups to measure their scholastic 

achievement after completing the treatment. The analysis in this section is done under 

the following sub headings: 

4.2.1.1 Analysis of data based on ‘t’test. 

4.2.1.2 Analysis of data based on ANOVA to know the interaction between treatments 

and other moderate variables with respect to dependent variable namely; scholastic 

achievement. 

4.2.1.3 Analysis of data with respect to gain scores. 



 
 

4.2.1.1 Analysis of data based on t-test 

 After completing the treatment, the investigator compared the experimental and 

control groups with reference to their achievement in Physical science. The scores 

obtained by the student-teachers in both experimental and Control Groups were 

analyzed by computing, Mean, Standard deviation and ‘t’test to test the significant 

difference between the two groups. 

For testing whether there exists any difference between these two groups in terms 

of scholastic achievement, the following null hypothesis (HO4) was setup. 

HO4: There is no significant difference between teachings through Cooperative 

 learning Strategy and conventional method in terms of   Student-teachers 

Scholastic achievement 

Table 4.4: GROUP WISE N, MEAN, STANDARD DEVIATION AND‘t’ VALUES  OF POST-

TEST SCORES OF SCHOLASTIC ACHIEVEMENT 

variable Group 

 

N 

 

Mean 

 

S.D 

 

‘t’ value Level of 

significance 

Scholastic 

achievement 

Experimental 30 21.46 4.62 7.16 0.01 level 

Control 30 14.83 2.10 

     

    The above table reveals that, the mean and standard deviation of the experimental 

and control groups differ significantly in their post-test scores. The obtained‘t’ value 

7.16 is more than the tabled‘t’ value of 2.76 with df 29 at 0.01level of significance. 

Hence, the null hypothesis that, ‘There is no significant difference between teaching 

through Cooperative learning Strategy and conventional method of teaching in terms of 

student-teachers scholastic achievement after treatment is rejected and an alternative 

hypothesis is accepted.  

This shows that, student-teachers belonging to the Experimental group performed 

better than Control group with respect to Scholastic achievement after treatment.  



 
 

4.2.1.2 Analysis of data based on ANOVA to know the interaction between 

Treatments and other moderate variables with respect to scholastic Achievement. 

 

 For testing whether there exist any interaction between treatments and subject-

discipline, Educational status and Levels of student-teachers with reference to scholastic 

achievement, the following null hypotheses (HO5 to HO7) were setup. 

HO5: There is no interaction between ‘treatments’ and ‘Subject discipline’ with 

reference to their scholastic achievement. 

HO6: There is no interaction between ‘treatments’ and ‘Educational status’ with 

reference to their scholastic achievement. 

HO7: There is no interaction between ‘treatments’ and ‘Levels ‘with reference to their 

scholastic achievement. 

 

Table 4.5: Descriptive Statistics table showing N, Mean and Standard  

         Deviation of subject-discipline with reference to Scholastic   

                 Achievement 

Group 
Treatment 

Subject 
discipline 

Mean SD N 

 
Experimental 

P/M 20.71 4.84 17 
C/B 22.46 4.31 13 
Total 21.46 4.62 30 

 
control 

P/M 14.00 2.19 16 
C/B 15.78 1.57 14 
Total 14.83 2.10 30 

 
Total  
 

P/M 17.45 5.05 33 
C/B 19.00 4.62 27 
Total 18.15 4.88 60 

 

Descriptive statistics table of scholastic achievement for the variables Educational 

status and levels of students are given in Appendix-F (IV). 



 
 

Table 4.6: Summary table of ANOVA of Scholastic Achievement by Subject- 

Discipline and treatment 

Source of Variation df Mean 

Squares 

F Significance 

Corrected model 3 235.51 18.75 Yes 

Intercept 1 19735.44 1.57 No 

Treatment 1 664.02 52.88 Yes 

Subject-discipline 1 46.50 3.70 No 

Treatment Vs Subject-discipline 1 0.003 0.003 No 

 

The obtained F-Value with reference to treatment Vs subject-discipline 

(interaction) is 0.003 and the corresponding tabled value is 4.00 with df 1and 56 at 0.05 

level of significance. Since the obtained F-value is less than the tabled value, it is not 

significant. Hence the null hypothesis HO5 is accepted. This implies that, there is no 

interaction between ‘treatment’ and subject-discipline. Therefore, it may be concluded 

that Cooperative Learning Strategy is equally effective in facilitating Scholastic 

Achievement of both Physics/Maths and Chemistry/Biology method students. 

Table 4.7: Summary table of ANOVA of Scholastic Achievement by Subject-

discipline, Educational status, Levels and treatments. 

Source of Variation df Mean 

Squares 

F-values Significance 

Group Vs subject-discipline 1 0.003 0.003 NS* 

Group Vs Educational status 1 39.268 3.285 NS* 

Group Vs Levels 2 3.267 0.238 NS* 

 

NS*=Not Significant 



 
 

In the above table all the F-Values are less than the tabled F-value of 4.00 with df 

1and 56 at 0.05 level of significance. Hence, the null hypotheses HO5 to HO7 are 

accepted. This implies the following; 

i. CLS is equally effective in facilitating Scholastic achievement for both 

Physics/Mathematics and Chemistry/Biology method students. 

ii. CLS is equally effective in facilitating Scholastic achievement for both and 

students with Post-graduation and without Post- graduation. 

iii. CLS is equally effective in facilitating Scholastic achievement for students 

belonging to above average, Average and below average groups.  

 

4.2.1.3 ANALYSIS OF DATA WITH RESPECT TO GAIN SCORES 

 In this section Experimental and Control Groups are compared with reference to 

the gain Scores on Scholastic Achievement in Physical Science. The Gain Scores were 

calculated by subtracting the pre-test scores from the post test scores of both the groups 

on Scholastic achievement. The details of analysis are summarized in the table 4.8. 

 

HO8: There is no significant difference between the mean gain scores of experimental 

and control group with respect to Scholastic achievement. 

Table 4.8: N, MEAN, S.D AND ‘t’ values with their significance between the mean 

gain scores of students in Experimental group and control group with respect to 

Scholastic Achievement 

 

       Variable Group N Mean S.D ‘t’ 
value 

significance 
 
 

 
Scholastic 

Achievement 
 
 

 
 

Experimental 
group 
               

30 6.6 4.24  
 
5.93 

 
 
0.01 level 

control group 
 
 

30 1.6 1.88 



 
 

The above table reveals that, the mean and standard deviation of the experimental 

group and control group differ significantly in their gain scores on Scholastic 

achievement.  

 The obtained‘t’ value  5.93 is greater than the tabled value ‘t’ value of 2.76 with 

degrees of freedom 29 at 0.01 level of significance. Hence the hypothesis that ,“There is 

no significant difference between the mean gain scores of experimental and control 

group with respect to Scholastic achievement is rejected.  This shows that there exists 

significant difference between the gain scores of the students in the experimental group 

and control group on scholastic achievement. Thus, it can be concluded that the 

cooperative learning strategy is effective than conventional method of teaching with 

respect to scholastic achievement among student-teachers studying in colleges of 

Education. 

 

4.2.2 Comparison of Post-Test Scores of Student-teachers in the           

Experimental and Control Groups with Reference to Problem-solving ability. 

The analysis in this section is done under the following sub headings; 

4.2.2.1 Analysis of data based on ‘t’test. 

4.2.2.2 Analysis of data based on ANOVA to know the interaction between treatments 

and other moderate variables with respect to dependent variable namely; Problem-

solving ability. 

4.2.2.3 Analysis of data with respect to gain scores. 

 

4.2.2.1 Analysis of data based on test of significance between two groups (‘t’test) 

 After completing the treatment, the investigator compared the experimental and 

control groups with reference to their Problem-solving ability. The scores obtained by 

the student-teachers in both Experimental and Control Groups were analyzed by 

computing, Mean, Standard deviation and ‘t’test to test the significant difference 

between the two groups using ‘t’test. 

 



 
 

For testing whether there exists any difference between these two groups in terms 

of Problem-solving ability, the following null hypothesis (HO9) was setup. 

HO9: There is no significant difference between teachings through Cooperative learning 

Strategy and conventional method in terms of Problem-solving ability. 

The table 4.9 shows the data and results of test of significance of difference between the 

mean post-test scores of Problem-solving ability in Experimental and Control groups. 

 

TABLE 4.9: GROUP WISE N, MEAN, STANDARD DEVIATION AND‘t’ VALUES  

                OF POST-TEST SCORES OF PROBLEM-SOLVING ABILITY  
 

variable 

 

Group 

 

N 

 

Mean 

 

S.D 

 

‘t’ value 

 

significance 

 

 

Problem-

solving  

Experimental 30 23.60 7.26  

5.93 

 

0.01 level 
Control 30 14.70 3.88 

 

The above table 4.9 reveals that, the mean and standard deviation of the 

experimental and control groups differ significantly in their post-test scores. The 

obtained‘t’ value 5.93 is more than the tabled‘t’ value of 2.76 with df 29 at 0.01level of 

significance. Hence, the null hypothesis that, ‘There is no significant difference 

between teaching through Cooperative learning Strategy and conventional method of 

teaching in terms of problem-solving ability after treatment is rejected and an 

alternative hypothesis is accepted.  

This shows that, student-teachers belonging to the Experimental group performed 

better than Control group with respect to problem-solving ability after treatment.  

 

 

 



 
 

4.2.2.2 Analysis of data based on ANOVA to know the interaction between 

Treatments and other moderate variables with respect to problem- Solving ability 

 

 For testing whether there exists any interaction between treatments and subject-

discipline, Educational status and Levels of student-teachers with reference to problem-

solving ability, the following null hypotheses (HO10 to HO12) were set. 

HO10: There is no interaction between ‘treatments’ and ‘Subject discipline’ with 

reference to their problem-solving ability. 

HO11: There is no interaction between ‘treatments’ and ‘Educational status’ with 

reference to their problem-solving ability. 

HO12: There is no interaction between ‘treatments’ and ‘Levels ‘with reference to their 

problem-solving ability. 

Table4.10: Descriptive statistics table of ANOVA of Problem-solving ability  

                   by treatments and Subject discipline. 

Group Subject 
discipline 

Mean SD N 

 
Experimental 

P/M 25.29 7.58 17 
C/B 21.38 6.43 13 
Total 23.60 7.26 30 

 
control 

P/M 14.62 4.34 16 
C/B 14.78 3.44 14 
Total 14.70 3.88 30 

 
Total  
 

P/M 20.12 8.18 33 
C/B 17.96 6.03 27 
Total 19.15 7.31 60 

 

Descriptive statistics table of problem-solving with reference to Educational status and 

levels of students are given in Appendix-F (V). 

 

 



 
 

Table 4.11: Summary table of ANOVA of Problem-Solving ability by subject- 

discipline and treatment 

Source of Variation df Mean 

Squares 

F Significance 

Corrected model 3 433.646 13.079 Yes 

Intercept 1 21468.806 647.517 Yes 

treatment 1 1105.717 33.349 Yes 

subject-discipline 1 52.112 1.572 No 

Treatment Vs subject-discipline 1 61.432 1.853 No 

 

The obtained F-Value with reference to treatment Vs subject-discipline 

(interaction) is 1.853 and the corresponding tabled value is 4.00 with df 1and 56 at 0.05 

level of significance. Since the obtained F-value is less than the tabled value, it is not 

significant. Hence the null hypothesis HO10 is accepted. This implies that there is no 

interaction between ‘treatment’ and subject-discipline. Therefore, it may be concluded 

that CLS is equally effective in facilitating problem-solving ability of both 

Physics/Maths and Chemistry/Biology method students. 

Table 4.12: Summary table of ANOVA of Problem-solving ability by subject-

discipline, Educational status, Levels and treatments. 

Source of Variation df Mean 

Squares 

F Significance 

Group Vs subject-discipline 1 61.432 1.853 NS* 

Group Vs Educational status 1 28.691 0.831 NS* 

Group Vs Levels 2 77.150 2.653 NS* 

 

NS*-Not Significant 



 
 

In the above table all the F-Values are less than the tabled F-values 4.00 with df 1 

and 56 at 0.01 level of significance. Hence, the null hypotheses HO10 to HO12 are 

accepted. This implies the following; 

i. CLS is equally effective in facilitating problem-solving ability for both 

Physics/Mathematics and Chemistry/Biology method students. 

ii. CLS is equally effective in facilitating problem-solving ability for both and 

students with Post-graduation and without Post- graduation. 

iii. CLS is equally effective in facilitating problem-solving ability for students 

belonging to above average, average and below average groups.  

 

4.2.2.3 ANALYSIS OF DATA WITH RESPECT TO GAIN SCORES 

 In this section Experimental and Control Groups are compared with reference to 

the gain Scores on. The Gain Scores were calculated by subtracting the pre-test scores 

from the post test scores of both the groups on problem-solving ability. The details of 

analysis are summarized in the table 4.13. 

 

HO13: There is no significant difference between the mean gain scores of experimental 

and control group with respect to problem-solving ability. 

 

TABLE 4.13: N, MEAN, S.D AND‘t’ values with their significance between the 

mean gain scores of students in Experimental group and control group with 

respect to problem-solving ability 

 

       Variable Group N Mean S.D ‘t’ 
value 

significance 

 
Problem-
solving 
 

Experimental 
group 
               

30 7.7 6.25  
 
5.94 

 
 
0.01 level 

control group 
 

30 0.33 2.70 

 



 
 

The above table reveals that, the mean and standard deviation of the experimental 

group and control group differ significantly in their gain scores on problem-solving 

ability.  

 The‘t’ value of 5.94 is greater than the tabled value of 2.76 with degrees of 

freedom 29 at 0.01 level of significance. Hence the hypothesis that “There is no 

significant difference between the mean gains scores of experimental and control group 

with respect to problem-solving ability” is rejected.   

 This shows that there exists significant difference between the gain scores of the 

students in the experimental group and control group on problem-solving ability. Thus, 

it can be concluded that the cooperative learning strategy is effective than conventional 

method of teaching with respect to problem-solving ability among student-teachers 

studying in colleges of Education. 

4.2.3 Comparison of Post-Test Scores of Student-teachers in the Experimental and 

Control Groups with reference to Critical thinking ability. 

The analysis in this section is done under the following sub headings; 

4.2.3.1 Analysis of data based on ‘t’test. 

4.2.3.2 Analysis of data based on ANOVA to know the interaction between treatments 

and other moderate variables with respect to dependent variable namely; Critical 

thinking ability. 

4.2.3.3 Analysis of data with respect to gain scores. 
 

4.2.3.1 Analysis of data based on test of significance between two groups  (‘t’test) 

After completing the treatment, the investigator compared the experimental and 

control groups with reference to their Critical thinking ability. The scores obtained by 

the student-teachers in both Experimental and Control Groups were analyzed by 

computing, Mean, Standard deviation and ‘t’test to test the significant difference 

between the two groups using ‘t’test. 

For testing whether there exists any difference between these two groups in terms 

of, the following null hypothesis (HO14) was set. 



 
 

HO14: There is no significant difference between teachings through Cooperative 

learning Strategy and conventional method in terms of Critical thinking ability. 

The table 4.14 shows the data and results of test of significance of difference between 

the mean post-test scores of Critical thinking ability in Experimental and Control 

groups. 

Table 4.14 GROUP WISE N, MEAN, STANDARD DEVIATION AND‘t’ VALUES  

            OF POST-TEST SCORES OF CRITICAL THINKING ABILITY 

variable 

 

Group 

 

N 

 

Mean 

 

S.D 

 

‘t’ value 

 

Level of 

significance 

 

 

Critical 

thinking 

Experimental 30 17.23 2.96  

5.97 

 

Significant 

At 0.01 

level 

Control 30 12.63 3.09 

 

The above table4.14 reveals that, the mean and standard deviation of the 

experimental and control groups differ significantly in their post-test scores. The 

obtained‘t’ value 5.97 is more than the tabled‘t’ value of 2.76 with df 29 at 0.01level of 

significance. Hence, the null hypothesis that ‘There is no significant difference between 

teaching through Cooperative learning Strategy and conventional method of teaching in 

terms of Critical thinking ability after treatment is rejected and an alternative hypothesis 

is accepted . 

This shows that there exists significant difference between the post-test scores in 

the Experimental and Control group with respect to Critical thinking ability after 

treatment.  

 

 

 



 
 

5.2.3.2 Analysis of data based on ANOVA to know the interaction between 

Treatments and other moderate variables with respect to Critical  Thinking. 

For testing whether there exists any interaction between treatments and subject-

discipline, Educational status and Levels of student-teachers with reference to Critical 

thinking ability, the following null hypotheses (HO15 to HO17) were set. 
HO15: There is no interaction between ‘treatments’ and ‘Subject discipline’ with 

reference to their Critical thinking ability. 

HO16: There is no interaction between ‘treatments’ and ‘Educational status’ with 

reference to their Critical thinking ability. 

HO17: There is no interaction between ‘treatments’ and ‘Levels ‘with reference to their 

Critical thinking ability. 

 

Table 4.15: Descriptive Statistics table showing N, Mean and Standard Deviation 

of subject-discipline with reference to Critical thinking ability 

Group Subject-
discipline 

Mean SD N 

Experimental 
 

P/M 18.12 2.87 17 
C/B 16.08 2.78 13 
Total 17.23 2.96 30 

 
control 
 

P.M 12.81 3.18 16 
C.B 12.42 3.08 14 
Total 12.63 3.09 30 

 
Total  
 

P.M 15.55 4.01 33 
C.B 14.19 3.43 27 
Total 14.93 3.79 60 

 

Descriptive statistics table critical thinking ability for the variables Educational status 

and levels of students are given in Appendix-F (VI) 

 

 



 
 

Table 4.16:  Summary table of ANOVA of Critical thinking ability by subject-

discipline and treatment 

Source of Variation df Mean Squares F Significance 

Corrected model 3 116.393 13.022 Yes 

Intercept 1 13099.446 1.466 Yes 

Treatment 1 297.266 33.257 Yes 

Subject-discipline 1 21.800 2.439 No 

Treatment Vs subject-discipline 1 10.179 1.139 No 

 

The obtained F-Value with reference to treatment Vs subject-discipline 

(interaction) is 1.139 and the corresponding tabled value is 4.00 with df 1and 56 at 0.05 

level of significance. Since the obtained F-value is less than the tabled value, it is not 

significant. Hence the null hypothesis HO14 is accepted. This implies that, there is no 

interaction between ‘treatment’ and subject-discipline. Therefore, it may be concluded 

that CLS is equally effective in facilitating Critical Thinking Ability of both 

Physics/Maths and Chemistry/Biology method students. 

 

Table 4.17: Summary table of ANOVA of Critical Thinking by subject- discipline, 

Educational status, Levels and treatments 

Source of Variation df Mean 

Squares 

F Significance 

Group Vs subject-discipline 1 10.179 1.139 NS* 

Group Vs Educational status 1 6.884 0.775 NS* 

Group Vs Levels 2 7.550 0.841 NS* 

 



 
 

In the above table all the F-Values are less than the tabled F-values 4.00. Hence, the 

null hypotheses HO15 to HO17are accepted. This implies the following; 

i. CLS is equally effective in facilitating Critical thinking ability of both 

Physics/Mathematics and Chemistry/Biology method students. 

ii. CLS is equally effective in facilitating Critical thinking ability of both and 

students with Post-graduation and without Post- graduation. 

iii. CLS is equally effective in facilitating Critical thinking ability of students 

belonging to above average, Average and below average groups.  

 

4.2.3.3 ANALYSIS OF DATA WITH RESPECT TO GAIN SCORES 

 

 In this section Experimental and Control Groups are compared with reference to 

the gain Scores on Critical thinking ability. The Gain Scores were calculated by 

subtracting the pre-test scores from the post test scores of both the groups on Critical 

thinking ability. The details of analysis are summarized in the table4.18. 

HO18- There is no significant difference between the mean gain scores of experimental 

and control group with respect to Critical thinking ability. 

Table 4.18:  N, MEAN, S.D AND‘t’ values with their significance between the 

Mean gain scores of students in Experimental group and control  Group with 

respect to Critical thinking ability. 

 

       Variable Group N Mean S.D ‘t’ 
value 

significance 

 
Critical 
thinking 
ability 

Experimental 
group 
               

30 4.6 2.69  
 
6.27 

 
 
0.01 level 

control group 
 
 

30 0.33 2.64 

 



 

The above table reveals that, the mean and standard deviation of the experimental 

group and control group differ significantly in their gain scores on Critical thinking 

ability.  

 The‘t’ value of 6.27 is greater than the tabled value of 2.76 with degrees of 

freedom 29 at 0.01 level of significance. Hence the hypothesis that “There is no 

significant difference between the mean gain scores of experimental and control group 

with respect to Critical thinking ability “ is rejected and an alternative hypothesis is 

accepted.  

 This shows that there exists significant difference between the gain scores of the 

students in the experimental group and control group on Critical thinking. Thus, it can 

be concluded that the cooperative learning strategy is effective than conventional 

method of teaching with respect to Critical thinking among student-teachers studying in 

colleges of Education. 

Graph 6: Comparison of mean gain scores of Experimental group and control 

Group with reference to, Scholastic achievement, Problem-solving and Critical 

thinking ability  
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SECTION-3 

 
4.3 Analysis of data pertaining to sustenance of effects of the treatment 

 

In the analysis done in section 1 and section 2, it is found that, CLS is more 

effective than the conventional method with reference to all the dependent variables. 

Further it is essential to test whether the effects of the treatment are sustainable over a 

period of time or incidental among the experimental group students. 

In pursuance of the objective No.6, the following null hypotheses were setup. 

 

HO19: Immediate and delayed post-test scores of the Experimental group differ 

significantly with reference to scholastic achievement. 

HO20: Immediate and delayed post-test scores of the Experimental group differ 

significantly with reference to Problem-solving ability. 

HO21: Immediate and delayed post-test scores of the Experimental group differ 

significantly with reference to Critical thinking ability. 

 

To test the above Hypotheses (HO19- HO21), the immediate post-test scores and delayed 

post test scores of the experimental group were compared variable wise by applying t-

test. 

 

 

 

 

 

 



 
 

Table 4.19: Comparison of immediate and delayed post-test scores of Experimental  

         Group with reference to Scholastic achievement 

Sl.No Immediate post-test Scores 
 

Delayed post-test Scores 

1 23 21 
2 28 28 
3 21 22 
4 17 15 
5 15 16 
6 27 26 
7 24 26 
8 23 25 
9 24 23 
10 17 19 
11 22 25 
12 24 26 
13 22 21 
14 28 25 
15 24 24 
16 15 16 
17 12 12 
18 22 21 
19 21 22 
20 27 28 
21 27 26 
22 27 26 
23 16 18 
24 21 22 
25 18 18 
26 20 21 
27 15 16 
28 24 25 
29 26 25 
30 14 16 

Graph-7: Comparison of Immediate and Delayed Post-test scores of Experimental   

Group for sustained   result with reference to Scholastic achievement. 
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TABLE 4.20: Comparison of Immediate and Delayed post-test scores of  

                 Experimental Group with reference to problem-solving ability. 

Sl.No Immediate post-test Scores Delayed post-test Scores 
1 37 35 
2 30 31 
3 32 30 
4 34 35 
5 16 18 
6 27 29 
7 21 19 
8 25 28 
9 20 21 
10 19 18 
11 24 24 
12 32 32 
13 16 18 
14 37 36 
15 28 29 
16 13 14 
17 20 18 
18 30 29 
19 25 24 
20 35 35 
21 16 15 
22 24 23 
23 17 18 
24 24 25 
25 20 21 
26 22 19 
27 20 20 
28 15 15 
29 18 19 
30 11 10 

 

 



 

Graph-8: Comparison of Immediate and Delayed post-test scores of Experimental Group 

for sustained   result with reference to Problem-Solving ability 
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Table 4.21: Comparison of Immediate and Delayed post-test scores of Experimental  

Group with reference to critical thinking ability. 

Sl.No Immediate post-test 
 

Delayed post-test 

1 15 14 
2 15 15 
3 14 16 
4 13 13 
5 18 18 
6 23 23 
7 16 17 
8 18 19 
9 20 21 
10 20 19 
11 21 22 
12 19 17 
13 13 16 
14 18 19 
15 17 15 
16 18 15 
17 14 17 
18 21 21 
19 12 14 
20 23 24 
21 16 16 
22 18 19 
23 14 14 
24 17 19 
25 20 21 
26 20 20 
27 17 15 
28 15 14 
29 18 19 
30 14 16 

 



 

Graph-9: Comparison of Immediate and Delayed post-test scores of Experimental  Group 

for sustained result with reference to Critical Thinking ability 
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Table 4.22: Summary table of obtained‘t’ values of immediate and delayed Tests of 

scholastic achievement, Problem-solving and Critical                     thinking ability and 

their significance 

 
Sl.no 

Dependent 
variable 

df 
 

obtained ‘t’ 
 

Tabled ‘t’ 
 

significance 

1 Scholastic 
achievement 

29 
 

0.29 
 

2.04 
 

NS* 
 

2 
 

Problem-solving 
ability 

29 
 

0.14 
 

2.04 NS* 
 

3 
 

critical thinking 
ability 

29 0.48 
 

2.04 NS* 
 

 

NS*=Not Significant 
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 From the above table it is clear that all the obtained‘t’ values are less than the 

tabled ‘t’value with df 29 at 0.05 level of significance and the difference is not 

significant. Hence, H19-H21 was accepted. This implies the following; 

 

1. Immediate and delayed Post-test scores of experimental group do not differ 

significantly with reference to scholastic achievement. Therefore, it may be 

concluded that the scholastic achievement which was fostered through 

Cooperative learning strategy is sustainable by the students. 

 

2. Immediate and delayed Post-test scores of experimental group do not differ 

significantly with reference to problem-solving ability. Therefore, it may be 

concluded that the problem-solving ability which was fostered through 

Cooperative learning strategy is sustainable by the students. 

 

3. Immediate and delayed Post-test scores of experimental group do not differ 

significantly with reference to critical thinking ability. Therefore, it may be 

concluded that the critical thinking ability which was fostered through 

Cooperative learning strategy is sustainable by the students. 
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CHAPTER-5 
SUMMARY, FINDINGS AND CONCLUSIONS 

 
 

5.1 Need and Importance of the Study 

The process adopted in the Indian education system heavily relies on teacher-

centered education. Teachers are regarded as the repositories of subject knowledge and 

their role is simply to pour into the open, empty and willing or non -willing minds of 

students. The methods used in science teaching are mostly lecture and deductive 

methods. Only few topics are taught through demonstration method in laboratories. 

Learners learn through rote memory which they retain for only a small duration. 

Cooperative learning strategy stands for teaching in which students are provided 

opportunities on cooperative principles in which they share their knowledge and 

experiences with their peer group.CLS is a teaching strategy that Encourages student 

success by alleviating overt competitiveness and substituting group encouragement. 

In Co-operative learning, individuals’ works with his\her peer to achieve a 

common goal rather than individual gain. Beside Academic achievement, CLS 

promotes critical thinking and Problem-solving abilities & develop Positive attitudes 

towards learning and attains student satisfaction. Our present day student-teaching in 

colleges of Education and other teacher training institutes has a long criticism on 

obvious reasons. Cooperative learning strategy is the answer for it. 

Present student-teaching is dominated by Herbartian steps of teaching which have 

stayed progressive teaching –learning process. To strengthen the existing B.Ed 

programme, innovative strategy like Cooperative Learning should find an integral part 

in the Teacher Education Curriculum. 

Teaching practices are influenced by teacher’s prior experiences and beliefs. If 

pre-service teachers are not exposed to effective models of Cooperative learning in 

teacher education programmes, it may be unrealistic to expect them to engage in 



 
 

Cooperative learning in their own classrooms. At present, Indian Education System has 

been subjected many changes. Reforms in methods of teaching have given more 

importance to small group learning rather than whole class learning. Hence the present 

study. 

 

5.2  Statement of the Problem 

 The present study was undertaken with the broad objective of testing the 

effectiveness of cooperative learning strategy on achievement among student-teachers. 

Therefore the study is entitled as “Effectiveness of Cooperative Learning Strategy in 

Facilitating Scholastic Achievement, Problem-solving and Critical thinking 

abilities among Student-teachers” 

 

5.3   Insights from the Review 

The studies reviewed are classified into International and National level studies 

under the following headings in chronological order from the latest studies to the old; 

 Studies related to Cooperative learning in General. 

 Studies related to Cooperative learning in the field of Teacher Education. 

 Studies related to Cooperative learning and Academic Achievement. 

 Studies related to Cooperative learning and Problem-solving. 

 Studies related to Cooperative learning and Critical thinking. 

 It was evident from the reviewed literature that, the area of constructivist 

philosophy based cooperative learning has attained due importance because of its 

growing trend in the field and vivid benefits.  

The overview of the researches conducted in the field of cooperative learning in general 

and cooperative learning and teacher education in particular has helped the investigator 

to have clarity pertaining to the formulation of objectives, hypotheses, methodology and 

statistical interpretations. 

 



 
 

From the review of related studies it was found that there were few Indian studies 

conducted in the area of co-operative learning in general and at school education level 

and teacher education (D.Ed and B.Ed) in particular. Hence, an attempt has been made 

by the researcher to conduct a research on student-teachers studying in the field of 

secondary level teacher education by considering the variables like achievement, 

problem-solving and critical thinking abilities. 

 

5.4 Objectives of the Study 
The present study was undertaken with the following broad objectives: 

1. To study the effectiveness of Cooperative learning strategy on Scholastic 

achievement, problem solving and critical thinking abilities of student teachers. 

2. To compare the effectiveness of Cooperative learning strategy and Conventional 

method of teaching physical science in terms of enhancing scholastic 

achievement. 

3. To compare the effectiveness of Cooperative learning strategy and Conventional 

method of teaching physical science in terms of enhancing problem solving 

ability. 

4. To compare the effectiveness of Cooperative learning strategy and Conventional 

method of teaching physical science in terms of enhancing critical thinking 

ability. 

5. To analyze the effectiveness of Cooperative learning strategy among student-

teachers when they are classified according to their subject-discipline, 

educational status and intelligence levels. 

6. To investigate interaction between ‘treatments’ and ‘subject discipline’ with 

reference to enhancement in scholastic achievement, Problem-solving and 

critical thinking abilities. 

7. To investigate interaction between ‘treatments’ and ‘Educational status’ with 

reference to enhancement in scholastic achievement, Problem-solving and 

critical thinking abilities. 



 
 

8. To investigate interaction between ‘treatments’ and ‘levels of students’ with 

reference to enhancement in scholastic achievement, Problem-solving and 

critical thinking abilities. 

9. To investigate whether the student-teachers sustain scholastic achievement, 

Problem-solving and critical thinking fostered through Cooperative learning 

strategy. 

5.5 Research Hypotheses 

The following research hypotheses were formulated in pursuance of the major 

objectives of the study: 

1. Cooperative learning as a strategy is more effective than the conventional 

method of teaching physical science in terms of scholastic achievement. 

2. Cooperative learning as a strategy is more effective than the conventional 

method of teaching physical science in terms of problem-solving ability. 

3. Cooperative learning as a strategy is more effective than the conventional 

method of teaching physical science in terms of critical-thinking ability. 

4. There is interaction between ‘treatments’ and ‘subject discipline’ with reference 

to scholastic achievement. 

5. There is interaction between ‘treatments’ and ‘subject discipline’ with reference 

to problem-solving ability. 

6. There is interaction between ‘treatments’ and ‘subject discipline’ with reference 

to critical thinking ability. 

7. There is interaction between ‘treatments’ and ‘Educational status’ with 

reference to scholastic achievement. 

8. There is interaction between ‘treatments’ and ‘Educational status’ with 

reference to problem-solving ability. 

9. There is interaction between ‘treatments’ and ‘Educational status’ with 

reference to critical-thinking ability. 

10. There is interaction between ‘treatments’ and ‘Levels’ with reference to 

scholastic achievement. 



 
 

11. There is interaction between ‘treatments’ and ‘Levels’ with reference to 

problem-solving ability. 

12. There is interaction between ‘treatments’ and ‘Levels’ with reference to critical-

thinking ability. 

13. Immediate and delayed post-test scores of the experimental group differ 

significantly with reference to scholastic achievement. 

14. Immediate and delayed post-test scores of the experimental group differ 

significantly with reference to problem-solving ability. 

15. Immediate and delayed post-test scores of the experimental group differ 

significantly with reference to critical thinking ability.            

           The above stated hypotheses are subjected to testing. 

5.6 Variables of the study 

The variables used in the study are classified into dependent, independent and 

moderate variables. 

IV. Independent variable 

 Cooperative learning strategy 

V. Dependent variables 

 Scholastic achievement 

 Problem-solving ability 

 Critical thinking ability 

VI. Moderate variables 

 Subject discipline 

 Educational status 

 Levels of students 

 

 

 

 



 
 

5.7 Design of the Experiment 
 The present study was experimental in nature. Pre-test post-test equivalent group 

experimental design was followed in the present study. In this design pre-tests were 

administered before the application of the experimental and control treatments and post-

tests at the end of the treatment period. This design was found to be most appropriate 

after review of related literature in experimental designs. 

                     

 
 

PRE-TESTING 
ATPS, PSAT, CT 

 
 

 

 

 
Experimental Treatment 

M.E.S college student-teachers 

 
 

 

 
Conventional Treatment 

Dr. Ambedkar College Student-
teachers 

 

   

 
 

IMMEDIATE POST-TESTING 
ATPS, PSAT, CT 

 
 

 

 

 

 
DELAYED POST-TESTING 
     ATPS, PSAT, CT 
 
 

     Figure 5.1 Schematic representation of the experimental design. 

 

5.8 Sampling Procedure 
Multistage purposive sampling technique was employed. The procedure of selection of 

the sample is as follows: 



 
 

Selection of college 

A suitable college where the experiment could be conducted was identified. M.E.S 

Teacher’s college, CTE, Rajajinagar, Bangalore has been identified to conduct 

experiment using the cooperative learning strategy, keeping the following facts in view.  

d) The strength of student-teachers with science subject –discipline was more in 

number compared to other colleges. 

e) The willing cooperation of the head of the institution as well as the faculty. 

f) Regularity of student-teachers. 

 

The control group was chosen from Dr. B.R.Ambedkar college of Education, 

Kurubarahalli, Bangalore. The colleges were allocated as experimental and control 

groups by equating the two groups by administering them the intelligence test. 

Table 3.5 gives the details of the colleges selected for the purpose of research.  

 

Table 5.1 Description of the sample 

 

Sl.No Name of the college Nature of group 

1 M.E.S Teachers’ college, C.T.E, 

 Rajajinagar, Bangalore. 

Experimental Group 

2 Dr.Ambedkar college of Education, 

 Kurubarahalli, Bangalore. 

Control group 

Obtaining two parallel groups: 

Researcher after selecting the colleges for this, all student-teachers who have opted 

physics-Mathematics and Chemistry-Biology methods were administered Raven’s 

Progressive matrices to declare homogeneity. 

The raw scores obtained from the SPM test were converted into T-Scores using the 

formula, T=10Z+50. Where, Z =   X-M  

                                                      S.D     



 
 

Here, X-represents the raw score and M represents the Mean. 

The scores which are equally matching were identified by arranging the scores in 

descending order in each group. 30 such matched pairs of students were obtained which 

formed the sample of the present study (Appendix-D) 

 

Entire Population 

(B.Ed Colleges affiliated to Bangalore University) 

 

Two colleges 

of Education from Bangalore city 

                                          

Student-teachers belonging to 

Physics/Maths and 

Chemistry/Biology 

 

 

Experimental Group                                                 

Control group 

30 students                                                          30 students 

 

 

PARALLEL GROUPS 

 

Figure 5.2 Diagrammatic representation of sampling procedure 

  

The Experimental group was subjected to treatment using the Learning together model 

of Cooperative learning strategy. The student-teachers were taught selected topics in 

physical science using this model. 

 



 
 

5.9 Tools used for the Study 
The following tools were used in the present study; 

In the present study the test namely Standard Progressive Matrices (SPM) is used to 

obtain two matched groups. As a result of treatment variable there would be some 

change in the dependent variables. For measuring those changes the following three 

tools were used; 

 Scholastic achievement test in CCM of teaching physical science. 

(Constructed & validated by the Researcher) 

 Problem-solving ability test (Constructed &validated by Dr.G.Sheela). 

 Critical thinking ability test (Constructed &validated by Dr.Kavya Kishore). 

For the treatment, Lesson transcripts based on Learning -together model of 

 Cooperative learning were prepared and validated by the Researcher.  

 

5.10 Statistical Techniques 

The following statistical techniques were used to analyze the research data; 

 t-test. 

 2 Way ANOVA 

 t-test 
To know whether the control and experimental groups differ on the dependent 

variables initially before applying the treatments t-test was used. t-test was also 

used to know whether the immediate post-test and delayed post –test scores differ 

significantly with reference to dependent variables. 

 ANOVA 

 The main principle involved in the use of ANOVA is the comparison of 

variability between the groups with the sum of variability found with in the 

groups. As two-way analysis of variance permits the simultaneous study of two 

factors as well as interaction between the two, this technique was used for the 

purpose of analysis of data.  

 



 
 

5.11 Major Findings of the Study 

Results of t-test  

It is revealed from the findings that, Cooperative learning as a strategy is more 

effective than the conventional method of teaching in enhancing the Achievement of 

student-teachers. Students taught through cooperative learning strategy were seen 

superior to students taught through conventional method of teaching in terms of 

achievement (‘t’S.A=7.16, ‘t’ P.S=5.93, ‘t’ C.T=5.93 Which are significant at 0.01 level)  

 

Results of ANOVA  

 Intervention through Cooperative learning strategy was found to be equally 

effective in facilitating scholastic achievement for the students who possessed a 

post-graduation degree and the non- post graduate students.(obtained ‘F’= 3.285, 

Tabled ‘F’=4.00 With df 1 & 56 at 0.05 level of significance). 

 Intervention through Cooperative learning strategy was found to be equally 

effective in facilitating scholastic achievement for students belonging to different 

subject discipline namely; Physics/Mathematics and 

Chemistry/Biology.(obtained ‘F’=0.003, Tabled ‘F’=4.00 With df 1 & 56 at 0.05 

level of significance). 

 Intervention through Cooperative learning strategy was found to be equally 

effective in facilitating scholastic achievement for the students belonging to 

different levels namely; above average, average and below average. (Obtained 

‘F’=0.238, Tabled ‘F’=4.00 with df 1 & 56 at 0.05 level of significance). 

 Intervention through Cooperative learning strategy was found to be equally 

effective in facilitating Problem-solving ability of the students who possessed a 

post-graduation degree and the non- post graduate students. (Obtained ‘F’= 

0.831, Tabled ‘F’=4.00 with df 1 & 56 at 0.05 level of significance). 



 
 

 Intervention through Cooperative learning strategy was found to be equally 

effective in facilitating Problem-solving ability of students belonging to different 

subject discipline namely; Physics/Mathematics and Chemistry/Biology. 

.(obtained ‘F’=1.853, Tabled ‘F’=4.00 With df 1 & 56 at 0.05 level of 

significance). 

 Intervention through Cooperative learning strategy was found to be equally 

effective in facilitating Problem-solving ability of the students belonging to 

different levels namely; above average, average and below average. .(obtained 

‘F’=2.653, Tabled ‘F’=4.00 With df 1 & 56 at 0.05 level of significance) 

 Intervention through Cooperative learning strategy was found to be equally 

effective in facilitating critical-thinking ability of the students who possessed a 

post-graduation degree and the non- post graduate students. .(obtained ‘F’=0.775, 

Tabled ‘F’=4.00 With df 1 & 56 at 0.05 level of significance) 

 Intervention through Cooperative learning strategy was found to be equally 

effective in facilitating critical-thinking ability of students belonging to different 

subject discipline namely; Physics/Mathematics and Chemistry/Biology. 

.(obtained ‘F’=1.139, Tabled ‘F’=4.00 With df 1 & 56 at 0.05 level of 

significance) 

 Intervention through Cooperative learning strategy was found to be equally 

effective in facilitating critical-thinking ability of the students belonging to 

different levels namely; above average, average and below average. (obtained 

‘F’=0.841, Tabled ‘F’=4.00 With df 1 & 56 at 0.05 level of significance) 

Results of Retention  

 Students sustain scholastic achievement fostered through CLS.( obtained ‘t’=-

0.29 & tabled ‘t’=2.04 with df=29, significant at 0.05 level) 



 
 

 Students sustain Problem-solving ability induced through CLS. .( obtained 

‘t’=0.14 & tabled ‘t’=2.04 with df=29, significant at 0.05 level) 

 Students sustain Critical-thinking ability induced through CLS. .( obtained ‘t’=-

0.48 & tabled ‘t’=2.04 with df=29, significant at 0.05 level) 

5.13 Educational implications  

 The Teacher-educators teaching at both elementary and secondary level teacher 

training Levels should be trained in different models of Cooperative learning 

strategy, so that they become competent enough to teach their student-teachers. 

 The existing student-teaching programme needs to incorporate the principles of 

Cooperative learning strategy. Out of 14 lessons that student-teacher cover in 

each method, minimum two lessons in each method should be based on CLS. The 

study found out that, CLS helps the student-teacher in the enhancement of their 

achievement as such. Teacher educators in colleges of education need to use CLS 

in their classroom teaching where in students participate actively in discussions.  

 The study found to be more effective irrespective of the subject discipline. 

Therefore, all teacher educators working in colleges of education should 

invariably organize panel discussions, group seminars, project activities etc. In 

such collective works students will develop an ability of working in groups.  

 The study proved that the use of CLS results in the enhancement of problem 

solving ability of student-teachers. Therefore, teacher educators while teaching 

Method-1 or Method-2 and see that invariably opportunities for student-teachers 

are given to actively involve in activities like making predictions, cause and 

effect type of activities, brain storming etc. 

 The experiment proved that CLS results in enhanced critical thinking abilities 

amongst student-teachers. So that teachers can adopt various activities like, gap 



 
 

fill exercise, cross word puzzles, analogies, what if type of questions, open ended 

questions and graphic organizers etc. 

 Present teacher training programme at all level should be revised so as to 

incorporate the principles of CLS in all practicum components. 

 It is also repeated in National Curriculum Frame work for school education that, 

pre-service teacher training programme found to be more impressive and 

effective in all cases. Therefore, specifications with regard to CLS as a strategy 

of teaching should find place in teacher education curriculum. 

 Students involve actively in the process of constructing knowledge on their own 

in groups. Hence their self-confidence and social skills like cooperation, mutual 

understanding and accountability will be enhanced. 

 Training programmes on the use of different cooperative learning strategies could 

be organized for the in-service teachers working at both the levels to have an 

understanding needed for the proper implementation of the strategy.  

5.14 Suggestions for further Study  

The present study was mainly focused on the effectiveness of cooperative learning 

strategy in teaching Content Cum Methodology of teaching physical science for 

student-teachers studying in colleges of education. Based on the experiences of the 

present study, the researcher felt the need for undertaking the following studies in the 

field; 

 Similar study could be under taken with larger sample on different subjects both 

at elementary and secondary teacher education programmes. 

 Different models of cooperative learning strategy can be tried out on a larger 

sample to know its effectiveness.  

 The study can be conducted with other psycho-social variables like motivation, 

self-efficacy, cooperation, attitude towards learning in group etc. 



 
 

 Studies to develop training strategies for teacher-educators in cooperative 

learning strategy could be taken up. 

 A survey study can be undertaken to investigate the problems encountered by 

students and teachers in the use of cooperative learning strategy. 

 A long term experimental study may be planned in the same design to study the 

effectiveness of cooperative learning strategy. 

 The present study was taken up on the student teachers belonging to Physics-

Mathematics and Chemistry- Biology group. The same intervention using 

cooperative learning strategy can be tried out on History-Kannada and other 

method students. 
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Appendix- A 

ACHIEVEMENT TEST IN PHYSICAL SCIENCE (ATPS) 

1. On a sunny day your clothing becomes hot because, 

A. light is absorbed and changed into heat 

B. light and heat are reflected off clothing 

C. light and heat are transmitted from clothing 

D. heat is transmitted and light is reflected 

2. Pressure cookers allow food to cook more rapidly due to, 

     A. Lower melting –freezing point 

     B. Higher boiling point 

     C. Higher melting –freezing point 

     D. Lower boiling point 

3. When heat is absorbed, 

A. Molecules move more slowly 

B. Molecules move more rapidly 

C. There is no change in molecular motion 

D. Temperature remain unchanged 

4. Liquids, when heated, 

A. Do not expand 

B. expand at the same rate 

C. expand at different rates 

D. contract but do not expand 

5. Heat radiations travel with a speed, 

A. less than speed of light 

B. equal  to speed of light 

C. greater than speed of light 

 D. equal to speed of sound 

6. The amount of heat required to raise the temperature of 1kg of a substance by 1˚ K is a way of 

defining, 

      A. Latent heat of fusion of water      

      B. Internal heat content of water 

 C. Thermal equilibrium quotient of water 

 D. Specific heat capacity of water 

 



 

7. The sum total of kinetic energy possessed by all the molecules is called,  

A. Thermal energy  

B. Heat energy 

C. Mechanical energy 

D. Radiant energy 

  8. Normal temperature of human body is, 

A.37˚ C 

B.90˚K 

C.37˚K 

D.100˚C 

9. The vacuum is kept in between the walls of the ice box to reduce the heat   loss by, 

A. conduction only  

B. Convection only 

C. Radiation only  

 D. Conduction & convection 

10. Which reaction illustrates fusion? 

A. 1H2 + 1H2 -> 2He4  

B. 0n1 + 13Al27 - > 11Na24 + 2He4  

C. 13Al27 + 2He4 -> 15P30 + 0n1  

D. 7N14 + 2He4 -> 1H1 + 8O17  

   11. India exploded her first underground nuclear device at,  

A. Kota 

B. Ranchi 

C. Jaipur 

D. Pokhran 

12. In the following nuclear equation, identify the nucleon and atomic  Numbers for the 

element Y, 

 
A. Nucleon number: 35, Atomic number: 95  

B. Nucleon number: 95, Atomic number: 35  

C. Nucleon number: 96, Atomic number: 35  

D. Nucleon number: 35, Atomic number: 96  



 
 

 

13. The increase in area of the solid on heating is called, 

   A. Superficial Expansion 

   B. Linear Expansion 

   C. Cubical Expansion 

   D. Quadra Expansion 

14. Which person listed below first contributed to a scientific understanding of modern atomic 

theory? 

   A. Democritus 

   B. John Dalton 

   C. Rutherford 

   D.J.J.Thomson 

15. Nuclear fusion reaction happens spontaneously in, 

   A. The core of the earth 

   B. The commercial nuclear Reactor 

   C. The atmosphere of the sun 

   D. The Eruption of Volcano 

    16. The atomic number is the, 

       A. Same as the mass number of an atom. 

       B.  Number of protons in a nucleus. 

       C. Number of protons and neutrons in the nucleus. 

       D. Number of neutrons in a nucleus. 

    17. Which of the following has 146 neutrons? 

       A. 92 U 235 

       B. 88Ra 226 

       C.86 Rn 222 

       D.92 U 238 

   18. Most commonly used coolant in nuclear reactor is,  

A. Heavy water 

B. Dry ice 

C. Ordinary water 

D. All the above 

 



 
 

19. Which particles have approximately the same size and mass as each other? 

   A. Neutrons and Electrons 

   B. Protons and Electrons 

   C. Neutrons and Protons 

   D. All are of different size and mass 

20. The idea that electrons revolve in different orbits around the nucleus of an atom with out   

       radiating energy away from the atom was postulated by, 

   A. Thompson 

   B. Bohr 

   C. Rutherford 

   D. Einstein 

21. An element is determined by the number of , 

  A. Atoms 

  B. Electrons 

  C. Neutrons 

  D. Protons 

22. Give the number of Protons, neutrons and electrons present in one atom of C-14, 

  A. P=6 , N=14 ,E=6 

  B. P=6 , N=8 ,E=6 

  C. P=14 , N=6 ,E=14 

  D. P=6 , N=20 ,E=6 

23. Of the following thermometers, the one best suited to measure temperature below the freezing 

point of water contain, 

 A. Dry ice 

 B. Alcohol 

 C. Mercury 

 D. Water 

24. The amount of heat needed to change 1g of ice ˚C to 1g of water at ˚C is a way of defining, 

 A. Latent heat of fusion of water     

 B. Internal heat content of water 

 C. Thermal equilibrium quotient of water 

 D. Specific heat capacity of water 

 

 



 
 

25. Fusion is difficult to achieve. What is the reason?  

A. The nucleus will collapse together.  

B. The nuclei will repel each other 

C. The presence of electrons hinders the fusion.  

D. There is a lack of hydrogen atom 

26. The Indian physicist who started the atomic energy era is 

A. H.J.Bhaba 

B. U.R.Rao 

C. Madhavan Nair 

D. Raja Ramanna 

27. The fact that, in general liquids and gases expand when heated gives rise to, 

A. Convection currents in fluids due to changing masses 

B. Convection currents in fluids due to changing densities 

C. Heat Transfer by conduction. 

D. Convection currents in fluids due to constant temperatures 

28. To make nuclear fission more efficient, which device is used in a nuclear reactor to slow the 

speed of neutrons? 

A. internal shield  

B. external shield  

C. control rod  

D. moderator 

 29. When water solidifies to ice, 

  A. Heat is absorbed 

  B. Heat is released 

  C. Temperature increases 

  D. Temperature decreases 

 30. The formula used to convert ˚F into ˚C IS, 

  A. C/5= (F-32)/9 

  B.5/C = (F-32)/9 

  C. (F-32)/5= C/9 

  D. C/5= (F+32)/9 

 

 

 



 
 

31. Which of the following usage is the worst absorber of heat transferred via radiation? 

 A. Black, Rough and Dull 

 B. Black, Smooth and Shiny 

 C. White, Rough and Dull 

 D. White, Smooth and Shiny 

32. The change in length of an object subjected to a change in temperature directly depends on, 

 A. The material made 

 B. Change in temperature 

 C. original length of the object 

 D. All the above  

33. The transfer of Heat by the actual movement of particles is called, 

 A. Conduction 

 B. Convection 

 C. Radiation 

 D. Temperature 

34. Sea Breeze and Land Breeze are caused by , 

 A. Conduction 

 B. Convection 

 C. Radiation 

 D. Reflection 

35. The temperature of boiling water in the Fahrenheit scale is, 

 A.100 ˚F 

 B.212˚F 

 C.373 ˚F 

 D. 32 ˚F 

36. The nuclear power plant which was worst affected by the recent earthquake in Japan was, 

 A. Okagama 

 B. Fukushima 

 C. Jerlina 

 D. Apsara 

 

 

 



 
 

37. In a fusion reaction, reacting nuclei must collide. Collisions between two nuclei are difficult to 

achieve because the nuclei are, 

A. Both negatively charged and repel each other  

B. Both positively charged and repel each other  

C. Oppositely charged and attract each other  

D. Oppositely charged and repel each other 

38. Which reaction illustrates fusion? 

A. 1H2 + 1H2 -> 2He4  

B. 0n1 + 13Al27 - > 11Na24 + 2He4  

C. 13Al27 + 2He4 -> 15P30 + 0n1  

D. 7N14 + 2He4 -> 1H1 + 8O17  

39. Control rods in nuclear reactors are commonly made of boron and cadmium because these   two 

      elements have the ability to 

A. absorb neutrons  

B. emit neutrons  

C. decrease the speed of neutrons  

D. increase the speed of neutrons  

40. The temperature levels in a nuclear reactor are maintained primarily by the use of 

A. shielding  

B. coolants  

C. moderators  

D. control rods  

 

 

 

 

 

 

 

 

 

 

 

 



 
 

Appendix- A (I) 

Difficulty Index and Discriminatory Power of Items of ATPS 
Item No. Difficulty index Discriminating power 
1 0.82 0.41 
2 0.80 0.41 
3 0.79 0.42 
4 0.76 0.45 
5 0.76 0.43 
6 0.74 0.52 
7 0.71 0.50 
8 0.70 0.40 
9 0.68 0.42 
10 0.68 0.56 
11 0.66 0.61 
12 0.65 0.46 
13 0.64 0.41 
14 0.61 0.68 
15 0.60 0.70 
16 0.59 0.72 
17 0.58 0.70 
18 0.57 0.53 
19 0.55 0.54 
20 0.54 0.54 
21 0.54 0.52 
22 0.52 0.52 
23 0.51 0.47 
24 0.50 0.42 
25 0.49 0.41 
26 0.48 0.72 
27 0.46 0.78 
28 0.46 0.73 
29 0.45 0.36 
30 0.44 0.38 
31 0.43 0.32 
32 0.43 0.55 
33 0.42 0.47 
34 0.41 0.77 
35 0.40 0.62 
36 0.40 0.44 
37 0.39 0.38 
38 0.39 0.52 
39 0.38 0.44 
40 0.37 0.48 
41 0.36 0.26 
42 0.35 0.28 
43 0.35 0.18 
44 0.33 0.23 
45 0.32 0.24 
46 0.32 0.30 
47 0.31 0.32 
48 0.29 0.16 
49 0.28 0.20 
50 0.25 0.16 

 
 
 

 



 
 

Appendix- A (II) 

Calculation of Split Half Reliability of ATPS using  

Spearman Brown prophecy formula  

   r 1.1 = 2 × r 1/2.1/2 

   r 1/2.1/2 = 0.58 

   r 1.1    =      2 × 0.58/1+0.58 

   r 1.1    =1.16/1.58 

                                    r 1.1= 0.73 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

Appendix-B 

Problem solving ability tool (PSAT) 

 Instructions:  

 This booklet consists of some problem episodes which you might have experienced in your day 

 to day life. Read them carefully and write your response regarding each heading given below 

 each episode. You are free to suggest as many solutions as you can for each problem you may s

 eek clarification if you have any doubts with any of the problem episode. 

 Here is an example below to help you that what you are expected to do with this booklet. 

 Problem episode: you want to cross a river from south to north. You cannot swim, no boats 

 are available and the only way you could reach the other side is by walking across the river 

 bridge there, but it is flooded by water. You are not able to see the bridge at all. How would 

 you cross the river using the bridge? 

 Define the problem: 

 How would I cross the river when the bridge is flooded? 

 Clues identified to arrive at the solution: 

 -I have to cross the river 

 -I cannot swim  

 -No boats are available  

 -There is a bridge which is flooded and by which I can cross the river 

 -I am not able to see the bridge 

 Solution arrived: 

 With the help of a stick I will find the way on the bridge and walk across it. 

            ---------------------------------------------------------------------------------------------------- 

1. A flask which has boiling water is kept on the table. A balloon is given to you, without actually 
blowing air into the balloon it has to be expanded. How will you do it? 

 Define the problem: 

 -------------------------------------------------------------------------------------------------- 

 Clues identified to arrive at the solution: 

 -------------------------------------------------------------------------------------------------- 

  

 Clues identified to arrive at the solution: 

 -------------------------------------------------------------------------------------------------- 

2. You are given two blades and asked to put these in to water such that one blade floats and the 
other drowns. How would you do it? 



 
 

 Define the problem: 

 -------------------------------------------------------------------------------------------------- 

 Clues identified to arrive at the solution: 

 --------------------------------------------------------------------------------------------------  

 Solution arrived: 

 -------------------------------------------------------------------------------------------------- 

3. A mug is tied to the free end of a piece of string that has been attached to some support above. 
You have to cut the string any where above the mug without the mug falling. How would you 
do? 

 Define the problem: 

 -------------------------------------------------------------------------------------------------- 

 Clues identified to arrive at the solution: 

 -------------------------------------------------------------------------------------------------- 

 Solution arrived: 

  ------------------------------------------------------------------------------------------------- 

4. A Lighted candle is kept on a table; you have to turn off the candle with out blowing the flame 
or touching it. How will you do it? 

 Define the problem: 

 -------------------------------------------------------------------------------------------------- 

 Clues identified to arrive at the solution: 

 -------------------------------------------------------------------------------------------------- 

 Solution arrived: 

  ------------------------------------------------------------------------------------------------- 

5. You have gone to a market place. The path is very narrow. There you come across three cycles 
passing the path from the opposite direction. To avert a clash what solution would you suggest. 

 Define the problem: 

 -------------------------------------------------------------------------------------------------- 

 Clues identified to arrive at the solution: 

 -------------------------------------------------------------------------------------------------- 

 Solution arrived: 

  -------------------------------------------------------------------------------------------------- 

6. You have gone to the canteen with your friends. One of your friends keeps a coin on the floor   
and inverts a cup over it. He asks you to remove the coin without touching the cup. How would 
you do that?  

 Define the problem: 

 ------------------------------------------------------------------------------------------------  



 
 

            Clues identified to arrive at the solution: 

 --------------------------------------------------------------------------------------------------   

 Solution arrived: 

 -------------------------------------------------------------------------------------------------- 

7. When Nisha was working in the lab she split iron fillings in to a plate filled with saw dust. She 
asks for your help to separate the iron fillings from the saw dust. How would you do it easily? 

  Define the problem: 

 --------------------------------------------------------------------------------------------------  

 Clues identified to arrive at the solution: 

  ------------------------------------------------------------------------------------------------- 

 Solution arrived: 

 --------------------------------------------------------------------------------------------------  

8. You have gone to a picnic with your friends. You and two of your friends are sleeping under a 
tree. A prankster has smeared charcoal on all three of your faces. When you woke up all three 
of you burst out laughing. At first none of you realize that your own   face is dirty. Later you 
stop laughing. How did you come to know that your face is also smeared?  

 Define the problem: 

  -------------------------------------------------------------------------------------------------- 

  Clues identified to arrive at the solution: 

 --------------------------------------------------------------------------------------------------  

 Solution arrived: 

 -------------------------------------------------------------------------------------------------- 

9. You are playing with your friends. One of your friends held up two full-scale sheets on the 
same size, one in each hand. He asks you to drop them simultaneously from the same height, 
but on a condition that the paper in your right hand should reach the ground faster. How would 
you do this?  

 Define the problem: 

 --------------------------------------------------------------------------------------------------     

 Clues identified to arrive at the solution 

   ------------------------------------------------------------------------------------------------ 

 Solution arrived: 

 -------------------------------------------------------------------------------------------------- 

10. You are locked in a room on the second floor. You have to come out of the room. There is an 
open window through which you can come out. But the window is very high from the ground. 
To your luck you find a very thick, twined rope. You tie one end to the bars of the window and 
let the rope dangle down the wall. I reached half way. The gap is still too much. You cannot 
get any thing to tie to it. But by using only the rope you have to get down. How will you do it? 



 
 

 Define the problem: 

 --------------------------------------------------------------------------------------------------  

 Clues identified to arrive at the solution 

   ------------------------------------------------------------------------------------------------ 

 Solution arrived: 

 -------------------------------------------------------------------------------------------------- 

11. A deaf and dumb man came to you and asked for a book. He could not speak. So he mimed to 
ask for the book. Then another deaf and dumb man came to you and mimed the gesture of 
writing, to ask for a pen. Then a blind man came. He wanted to ask for a box. What sort of 
gestures do you suppose he made to ask for a box? 
 

 Define the problem: 

 --------------------------------------------------------------------------------------------------      

 Clues identified to arrive at the solution: 

 --------------------------------------------------------------------------------------------------  

 Solution arrived: 

 --------------------------------------------------------------------------------------------------  

12. You are taking bath. Suddenly the tap breaks and the water start gushing out. You try to leave 
the bathroom but you find the door jammed. The drainage pipe from which the water is going 
out is also blocked. There is a window which is closed and you can not reach it. The water 
starts rising in the room. Soon it reaches your chin. You become desperate. What would you do 
to save your life? 

 Define the problem: 

 --------------------------------------------------------------------------------------------  

 Clues identified to arrive at the solution:  

 --------------------------------------------------------------------------------------------------  

 Solution arrived: 

 --------------------------------------------------------------------------------------------------    

13. You are playing in a garden where a gardener is watering the plants with a pipe. Your tennis 
ball falls into a deep hole. Your hand cannot reach down and a bend in the middle of the hole 
makes it impossible for you to retrieve the ball with the help of sticks. How would you get the 
ball out? 
 

 Define the problem: 

 --------------------------------------------------------------------------------------------------  

 Clues identified to arrive at the solution: 

  -------------------------------------------------------------------------------------------------- 



 
 

 Solution arrived: 

 ------------------------------------------------------------------------------------------------- 

14. A soldier has to cross a river. There is no bridge. The soldier sees two boys playing in a tiny 
row boat and he calls them. The boat can hold only 100 kgs. The soldier weight 100 kgs and 
the boys weight 50 kg each. Yet, using the boat all the cross over. How? 

 Define the problem: 

  ------------------------------------------------------------------------------------------------  

            Clues identified to arrive at the solution: 

         --------------------------------------------------------------------------------------------------- 

 Solution arrived: 

 --------------------------------------------------------------------------------------------------   

15. You are travelling in a train which is moving in northward direction. The seats are so arranged 
that you can sit facing the northward or the southward direction. Many of the seats are 
unoccupied. You can choose to sit wherever you want. You are sitting facing the north. The 
wind is blowing very fast. You try to close the windows, but cannot. What would you do to 
avoid the wind? 

 Define the problem: 

 -------------------------------------------------------------------------------------------------- 

  Clues identified to arrive at the solution: 

 --------------------------------------------------------------------------------------------------          

 Solution arrived: 

 -------------------------------------------------------------------------------------------------- 

 

 

  

 

 

 

 

 

 

 

 

 

 



 
 

Appendix-C 

CRITICAL THINKING TEST IN SCIENCE 

PART-A 

The following are the incomplete statements. Against each statement, four alternatives are given. 

Select the suitable alternative and mark it. 

1. In a 9th standard class a science teacher is explaining the students that the ratio of 

Voltage/current is constant. But students do not understand the concept properly. In this 

situation the students can be convinced more easily through 

a) Teacher’s additional examples. 

b) Referring the books 

c) Teacher conducts the experiment and proves it. 

d) The information from friends. 

2. In vertebrates the digested carbohydrates are stored in liver and released from time to time 

because liver releases, 

a) Glucose in blood where it changes into a glycogen. 

b) Glycogen in blood where it changes into glucose. 

c) Simple sugars, which changes to glucose 

d) Complex sugars, which changes to glycogen. 

3. In a studio while taking a photo, a photographer switch on a high voltage lights for a fraction of 

minutes. After taking a snap, he puts off bright lights. The eyes requires sometime to adapt for 

normal light, because Rhodesian…. 

a) Becomes temporarily degenerated 

b) Gets bleached by light and requires some time for gaining normal position. 

c) Changes to post rhodopsin in dim light and this takes some time. 

d) Absorbs rays only in dim light and strong light adversely affects. 

4. A person met with an accident on NH-4 near Nelamangala cross while crossing the road and 

got hurt to his stomach and died instantly without any injury to his heart, kidney and even 

brain. Mention what is the reason for his death may be…. 

a) Intestine got twisted 

b) Red blood corpuscles got coagulated 

c) Stomach got stopped digestion 

d) Diaphragm got punctured. 

5. When heat is supplied to body, the kinetic energy of its molecules will increase and as a result 

of this, distance between the molecules will also increase. This makes the body, 



 
 

a) Expand 

b) Contract 

c) Extend 

d) Relaxed 

6. Among the following, the one in which magnetic force is responsible for motion of bodies, 

a) An object kept on the top an inclined plane will slide down. 

b) Water falling from a height. 

c) A magnetic compass when brought near a current carrying conductor gets deflected. 

d) Falling of dry leaves from a tree. 

7. In an open garden there are varieties of plants. All these plants are nurtured properly. In spite 

of this there are few plants, whose leaves turn yellowish and fell down. This is due to, 

a) Excess of water 

b) Excess of soil 

c) Absence of phosphorous 

d) Excess of phosphorous 

8. Phosphorous fertilizers contains natural calcium phosphate and bone ash also contains calcium 

phosphate, but it is not used as fertilizer, because 

a) Farmers are not aware about it 

b) It will not dissolve easily in water 

c) Of superstition 

d) Formers still follow traditional method 

9. A person traveling in a bus, which is moving with a speed of 60km/hr. if bus stops suddenly 

the person standing in the bus tends to, 

a) Fall forward 

b) Lean either side 

c) Move backward 

d) Remain stationary 

10. Sita and Gita are twin sisters, they are studying in 9th std. in their reading room Sita uses tube 

light and Gita uses bulb of same watt, after using the light for one hour at night, both will touch 

the bulb as well as tube light and comes to the conclusion that bulb is hotter than the tube-light, 

this is because…. 

a) Surface are of a tube is longer than that of a bulb 

b) Tungsten is not used in the tube 

c) Tube consumes less power 



 
 

d) Tube is fixed at a greater height than the bulb 

11. In a hill station like Nandi hills, the boiling point of water is less than 100. when compared to 

boiling point at Mangalore, this is because, 

a) Water vapors are less at higher altitudes 

b) Temperature is lower at high altitudes 

c) Pressure is lower at high altitudes 

d) There is cloud formation at high altitudes. 

 

12. A magnetic compass when brought near a conductor carrying conductor gets deflected. In this 

situation the force which is responsible  for motion of the compass needle is, 

a) Electric force 

b) Electrostatic force 

c) Magnetic force 

d) Static force. 

13. If a heavy object and a light object are dropped simultaneously from the 200mt high tower, 

then the object reaches the ground first is, 

a) One heavy object 

b) One light object 

c) Both objects  

d) Light object first and then heavy one. 

14. When a highly inflated balloon is pricked with a needle then the balloon, 

a) Remain stationary 

b) Moves in all directions 

c) Moves in the same direction of the air coming out of it 

d) Moves in the opposite direction of the air coming out of it. 

15. In which of the following case can we say that work is done, 

1) Sitting for one hour holding a book in our hand. 

2) Pushing a brick to move 

3) Dropping a ball from top of the roof, 

4) Pushing a wall 

a) 1 

b) 2 

c) 3 

d) 1,2,3 and 4 



 
 

 

16. In chemical industries hot liquids and hot water is transported through looped metal pipes from 

one place to another place, because…. 

a) Metal pipes subjected to expansion and contraction 

b) Liquids can move fast 

c) To check the flow of liquids 

d) To control the pressure 

17. When boiling water is poured into a glass as well as metallic container, crack develop in glass 

container, because glass is, 

a) Good conductor of heat 

b) Poor conductor of heat 

c) Used only to keep cold liquids 

d) Bad conductor of heat. 

PART - B 

Read the following items and write the relevant factors under each. 

18. There are two plant pots one kept in a dark room and another one kept in a open space. Among 

these which plant grows well and list out the relevant components. 

Relevant: …………………………………………………………………… 

19. If filter water is given to a person to convert it into the hard water,  

What are the relevant salts to be added to it 

Relevant: …………………………………………………………………… 

 

20. Raju studying in 9th std. and he always sits in the last bench, he can read the book comfortably 

but he found different in reading the blackboard. List out the relevant reasons for this. 

Relevant: …………………………………………………………………… 

 

 

21. There is a piece of iron and plastic, between these two components, only piece of iron attracted 

to magnets. List out the relevant factors for it. 

Relevant: …………………………………………………………………… 

 

 

 

 



 
 

PART-C 

These are few items given below along with a list of relevant and irrelevant information related 

to them. Read the items carefully. After identifying the relevant and irrelevant information, 

write it in the space provided. 

22. In the following list select the relevant and irrelevant factors for the occurrence of 

Photosynthesis. 

Sunlight, carbon dioxide, shadow, rain 

Relevant:…………………………………………………………………… 

Irrelevant:…………………………………………………………………… 

23. A substance is identified as a magnet. What are the properties that might have helped in the 

identification of it. Select the relevant and irrelevant properties of magnet among the given list. 

Attraction, Direction, Repulsion, Shape of the substance 

Relevant:…………………………………………………………………… 

Irrelevant:…………………………………………………………………… 

24. To see the magnified images of the objects, certain mirrors are necessary. List out the relevant 

mirrors and irrelevant mirrors from the list given below. 

Convex mirror, Plane mirror, Concave mirror, Plane spherical mirror. 

Relevant:…………………………………………………………………… 

Irrelevant:…………………………………………………………………… 

25. Due to scarcity of petroleum fuels it is better to use hydrogen gas as alternative fuel. List out  

the relevant and irrelevant factors from the list given below. 

 Hydrogen is abundantly available 

 Hydrogen is not available in free state. 

 While separation it is more expensive. 

 It is highly inflammable. 

Relevant:…………………………………………………………………… 

Irrelevant:…………………………………………………………………… 

 

 

 

 

 

 

 



 
 

Appendix- D 
Matched Pairs Selected and their T-Scores 

 

Control-group Experimental group 

Sl.No Name T-score  Name T-score 

1 Ashwini 65 Nagaveni  63 

2 Vidya Rani 62 SumaBhat  63 

3 Geetha 62 Dhanjaya 62 

4 Nagaswetha 60 Suma 60 

5 Sowmya 60 Kavitha Hosmani 60 

6 Renuka .J 58 Nagaraj 58 

7 Manisha 58 Shwetha 58 

8 Shobha 58 Monisha K H 58 

9 Nalini 57 Radhavathi 58 

10 Rashmi 57 Vasudha 58 

11 Swathi  55 Padma 56 

12 Shashikala 55 Nutan Yadav 54 

13 Kavitha 55 Ratna 54 

14 Manjushree 50 Manjushree 52 

15 ImramPasha 52 Sherry Pink 52 

16 Kavya 51 Keerthi 50 

17 Mamatha 49 Sarala 50 

18 Kumuda 49 Sushma 48 

19 Prema 49 Hemavathi 48 

20 Sudha 49 Sushama 47 

21 Chandrakala 48 Sneha Patil 46 

22 Vishwanath 48 Rashmi 43 

23 Anjaha Rani 43 Elizabeth 42 

24 Hemalatha 40 Kavitha Ganagi 41 

25 Suguna 40 Divyashree 36 

26 Manjunatha 38 Smitha 35 

27 Kavya 37 Sowmya 33 

28 Manisha 32 Vinu Kumar 31 

29 Caroline 31 Jeenath 25 

30 Hidayath Pasha 23 Vasanth Kumar 25 

 



 
 

Appendix-E (I) 

Topics adopted for Cooperative Learning Strategy 

1. Concept and Structure of Atom 

2. Structure of Atom 

3. Nuclear Fission 

4. Nuclear Chain Reaction (Fission) 

5. Nuclear Fusion  

6. Nuclear Power Plant 

7. Heat and Temperature 

8. Thermal Expansion 

9. Effects of Heat and Different Scales of Temperature 

10. Heat Transfer By Conduction 

11. Heat Transfer By Convection 

12. Heat Transfer By Radiation 

13. Specific Heat Capacity 

14.  Latent Heat 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

Appendix-E (II) 

I. Sample Lesson Plan based on Cooperative Learning Strategy 

Lesson Transcript no: 03 

Topic: Nuclear Fission 

Learning points: 

 Stability of an atom 

 Nuclear fission 

Learning objectives:  

By the end of this lesson, Pupil will be able to: 

 Relates how stability and binding energy are related to one another 

 Defines nuclear fission reaction 

 Explains nuclear fission reaction with an example 

Discussion material 

Dear students, from the past two classes you have learnt several concepts like; meaning and structure 

of atom, atomic weight, atomic number, isotopes of an element, the energy responsible for holding the 

nucleons together etc. 

We also know that some elements are stable and some are unstable. Then the question arises, why are 

some elements unstable? What is the reason behind it?  

So, in today’s class let us study the important nuclear phenomenon i.e. nuclear fission which occurs 

because of the unstable heavy nucleus. 

Activity 1: 

Let us consider the elements Uranium, thorium, plutonium, radium, sodium, iron and silicon. 

You are provided with the periodic table. See to it and write down the atomic number and mass 

number of the elements mentioned below. (Every one of you should participate in the discussion) 

 

 



 
 

Element  Number of 

Protons(p) 

Number of 

Neutrons(n) 

Number of 

Electrons 

Atomic 

No. 

Atomic 

Mass No. 

Ratio 

of n/p 

Radium       

Thorium       

Uranium       

Plutonium       

Sodium       

Iron       

silicon       

 

From the above table, identify the element whose n/p ratio is equal to 1. 

------------------------------------------------------------------------------------------------ 

Identify the element whose n/p ratio is less than 1 and greater than 1.5. 

------------------------------------------------------------------------------------------------ 

If the ratio of n/p=1, then the elements are stable. 

If the ratio of n/p<1 and n/p>1.5, then the elements are unstable. 

The elements in the range of atomic Numbers 81 to 92 are found to be unstable. 

What happens to the nucleons of these unstable nuclei? 

------------------------------------------------------------------------------------------------ 

We call this nuclear phenomenon as (spontaneous disintegration of a heavy nucleus) radioactivity. 

 



 

Activity 2: 

All of you observe and study the following nuclear reaction carefully and answer to the questions 

given after the equation. 

92U235  +  0n1                          
56Ba141+ 36Kr92+30n1+energy 

 

 

 

What type of an element is Uranium? 

------------------------------------------------------------------------------------------------ 

Identify the reactants of the above nuclear reaction? 

------------------------------------------------------------------------------------------------ 

Identify the products of the above nuclear reaction? 

------------------------------------------------------------------------------------------------ 

Is there any difference in the masses of the reactants and the product elements? 

------------------------------------------------------------------------------------------------ 

This difference in the masses of reactant particles with that of product particles is responsible for the 

release of enormous amount of energy. 



 
 

See to the atomic weight of the element Uranium. Is this light or heavy? 

------------------------------------------------------------------------------------------------ 

As you know already it is unstable. So it is easy to break the heavy nucleus into fragments. 

Observe the above figure carefully and tell me what has happened to the nuclei of Uranium? 

------------------------------------------------------------------------------------------------ 

Into how many smaller nuclei the Uranium nucleus is split into? 

------------------------------------------------------------------------------------------------ 

Identify those lighter nuclei with the help of the chart given to you? 

------------------------------------------------------------------------------------------------ 

What else do you notice along with the lighter nuclei? 

------------------------------------------------------------------------------------------------ 

Activity 3: 

92U235  +  0n1                          
54Xe139+ 38Sr95+20n1+energy 

Is there any change in the nucleus of the uranium atom? 

------------------------------------------------------------------------------------------------ 

What do you call this reaction where there is a change in the nucleus of an atom? 

------------------------------------------------------------------------------------------------Identify the reactants 

of the above nuclear reaction? 

------------------------------------------------------------------------------------------------ 

Identify the products of the above nuclear reaction? 

------------------------------------------------------------------------------------------------ 



 
 

Is there any difference in the masses of the reactants and the product elements? 

------------------------------------------------------------------------------------------------ 

What do you call this difference in masses as? 

------------------------------------------------------------------------------------------------ 

Observe the above equation carefully and see what has happened to the nuclei of Uranium? 

------------------------------------------------------------------------------------------------ 

Into how many smaller nuclei the Uranium nucleus is split into? 

------------------------------------------------------------------------------------------------ 

Identify those lighter nuclei with the help of the chart given to you? 

------------------------------------------------------------------------------------------------ 

What else do you notice along with the lighter nuclei? 

--------------------------------------------------------------------------------------- 

In the above examples, the unstable nucleus split into two or more pieces. These pieces are known as 

fission products or fission fragments which are nothing but two lighter nuclei, two or three other free 

neutrons, and some photons. (Photons mean packets of energy).this process of splitting up of heavy 

nucleus is called nuclear fission. 

Then, define nuclear fission reaction? 

---------------------------------------------------------------------------------------------------------- 

What is released out of nuclear fission reaction? 

---------------------------------------------------------------------------------------------------------- 

---------------------------------------------------------------------------------------------------------- 



 
 

What is the basic condition for an element to undergo nuclear fission reaction? 

---------------------------------------------------------------------------------------------------------- 

Evaluation sheet 

Find whether element Bismuth is stable or not. 

---------------------------------------------------------------------------------------------------------- 

Why are neutrons used to bombard the heavy nucleus? (Clue: charge) 

 ---------------------------------------------------------------------------------------------------------          

 --------------------------------------------------------------------------------------------------------- 

Check whether the element with atomic number 20 is stable or unstable? 

 ---------------------------------------------------------------------------------------------------------  

 --------------------------------------------------------------------------------------------------------- 

 

 

Find out the atomic number and Atomic Mass number of the missing fragment element in the nuclear 

equation given below. 

92U235  +  0n1                         
57La153+ X +20n1+energy 

----------------------------------------------------------------------------------------------------------   

---------------------------------------------------------------------------------------------------------- 

Explain how energy is released during a nuclear reaction like fission. 

---------------------------------------------------------------------------------------------------------- 

 



 

II. Sample Lesson Plan based on Cooperative Learning Strategy 

Lesson Transcript no: 04 

Topic: Nuclear Chain reaction (fission) 

Learning points: 

 Chain reaction. 

 Controlled chain reaction. 

 Critical mass of the fissionable material. 

Learning objectives:  

By the end of this lesson, Pupil will be able to: 

 Explain nuclear chain reaction. 

 Gives the reason behind continuous chain reaction. 

 Explain the phenomenon of controlled or sustainable chain reaction.  

 Defines critical mass. 

Discussion material 

Dear students, in your previous class you have learnt about the important nuclear phenomenon i.e. 

nuclear fission. This reaction occurs in a heavy but unstable element uranium. 

92U235  +  0n1                          
56Ba141+ 36Kr92+30n1+energyIn the above fission reaction, you can see that the 

uranium nucleus splits into fission fragments with the release of few more neutrons along with the 

release of energy. What do these neutrons do when they are released from the reaction? 

So, in today’s class let us learn about this in detail. 

Example 1: Observe the fission reaction give below, and tell me the by products of this? 

 
---------------------------------------------------------------------------------------------------------- 

What do you say about the direction in which the neutrons are released?  

---------------------------------------------------------------------------------------------------------- 



 
 

We know that, the element Uranium consists of innumerable number of uranium atom. Keeping this 

information in mind, answer the question given below. (Discuss in your group and come out with the 

answer) 

What do you say about the neutrons thus released from the first fission on the other uranium nuclei? 

---------------------------------------------------------------------------------------------------------- 

We call this as 2nd generation nuclear fission as shown in the figure below. 

 
Like wise the neutrons are also multiplied, as a result they are involved in continuous fission reaction 

like a chain.  

Example 2: 

 
 

Observe the above figure carefully and identify how many neutrons are released in the above fission 

reaction? 



 
 

---------------------------------------------------------------------------------------------------------- 

What do you say about the neutrons thus released from the first fission on the other uranium nuclei? 

---------------------------------------------------------------------------------------------------------- 

From the above two nuclear reactions, what do you conclude?  

---------------------------------------------------------------------------------------------------------- 

Is there any multiplying effect in the above fission reaction? 

---------------------------------------------------------------------------------------------------------- 

We call this as a chain reaction, because it occurs continuously. 

Then define chain reaction? 

---------------------------------------------------------------------------------------------------------- 

Then a question arises in your mind. That is, is there any end to this reaction or not. What will happen 

if it is not controlled? Yes, definitely this can be controlled and if it is not controlled, it may end with 

an explosion. 

Now, observe the figure given below, think intelligently and discuss with your group members and 

give me the answer. 

 
What has to be controlled to sustain the fission reaction? 

---------------------------------------------------------------------------------------------------------- 

Yes, you are correct.  

In the above figure how many neutrons are controlled from participating in nuclear fission reaction? 

---------------------------------------------------------------------------------------------------------- 

Then what do you cal such a nuclear reaction which can be controlled? 

---------------------------------------------------------------------------------------------------------- 

 

 

 



 
 

Evaluation Sheet 

1. What is an example of a chemical chain reaction?(clue; the major source of Heat energy ) 

-------------------------------------------------------------------------------------------------- 

2. What is an example of a mechanical chain reaction? 

-------------------------------------------------------------------------------------------------- 

3. Fission of 94Pu239 to form two nuclei of  47Ag117 and neutrons. Calculate the number of 

neutrons? 

-------------------------------------------------------------------------------------------------- 

 

 

4. Once the fission process has been started, it continues by itself. Explain why? 

-------------------------------------------------------------------------------------------------- 

5. Define chain reaction. 

-------------------------------------------------------------------------------------------------- 

-------------------------------------------------------------------------------------------------- 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

III. Sample Lesson Plan based on Cooperative Learning Strategy 

Lesson Transcript no: 11 

Topic: Heat transfer by convection 

Learning points: 

 Meaning of convection. 

 Applications of convection. 

Learning objectives:  

By the end of this lesson, Pupil will be able to; 

 Give the meaning of convection 

 Explains the phenomenon of convection in fluids 

 List out various applications of the convection process 

Discussion material 

Dear Students, as you know, heat can be transferred through the process of conduction. 

In which state of matter the process of conduction takes place? ------------------------------ 

(Think and discuss with your group members and answer) 

Why is conduction possible in case of solids alone? 

---------------------------------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------- 

What do we call the liquids and gases together as?--------------------------------------------- 

Is conduction possible in case of liquids and gases?-------------------------------------------- 

Why? 

---------------------------------------------------------------------------------------------------------------------------

-----------------------------------------------------------------------------------------  

So, in today’s class let us try to learn an other important process of heat transfer i.e. convection that 

takes place in case of fluids. 

 

 



 

 

Activity 1: 

Observe the following figures, discuss with your group member and answer. 

 

                                                                  
                                                SOLIDS                        LIQUIDS                 GASEOUS 

Compare the figures carefully and answer the following questions. 

How are atoms arranged in solids? --------------------------------------------------------------- 

How are atoms arranged in liquids? -------------------------------------------------------------- 

How are atoms arranged in gases? ---------------------------------------------------------------- 

In which state does the free movement of atoms is possible? --------------------------------- 

In which state does the molecule move freely and randomly? -------------------------------- 

In which state of matter the intermolecular force of attraction is less? 

What happens to the particles in a liquid or a gas when you heat them? (Observe the figure given 

below and answer) 

 
 

 

 

 

With this basic information, now try to explain what happens in case of the following figure. 



 

 
 

Which molecules are closer to the source of heat? 

---------------------------------------------------------------------------------------------------------- 

What will happen to them when heated?  

---------------------------------------------------------------------------------------------------------- 

When they expand, what do you say about their density?  (Density=mass/volume) 

---------------------------------------------------------------------------------------------------------- 

Are the atoms lighter or heavy when their density becomes less? 

---------------------------------------------------------------------------------------------------------- 

When they become light, do they rise up or comes down? – 

--------------------------------------- 

What about the atoms that is denser on the top?  

-------------------------------------------- 

 
This movement can be seen in the figure given above. The process will be continued till all the atoms 

attain thermal equilibrium. 



 

The actual movement of particles is seen forming a cycle called convection current. 

 
The whole process in which heat is transferred by the actual movement of particles is called 

convection. 

Activity 2 

To see the pattern of convection current you all have to conduct this activity. You are given with the 

materials like spiral of paper, candle and thread. 

Suspend the given paper spiral with the help of the thread given and hold it at the centre of the flame 

and write your observation. 

---------------------------------------------------------------------------------------------------------- 

Now you all know the meaning of convection. Let us see to the practical application of it in our day to 

day life situations. 

Where do we find ventilators in our houses? 

---------------------------------------------------------------------------------------------------------- 

When we breathe in the living room we give out carbon dioxide. This increases the percentage of 

carbon dioxide in the air present in the living room. 

As a result of this, what do you say about the temperature of air?  

---------------------------------------------------------------------------------------------------------- 

When the air gets heated up it becomes denser or lighter? 

Where will it go then? 

------------------------------------------------------------------------------------- 

From where this warm air goes out? 

------------------------------------------------------------------ 

Cool air comes in through doors and windows.  

Is this process a continuous process or not? 

---------------------------------------------------------------------------------------------------------- 

 



 
 

Practice sheet 

1. The fact that, in general, liquids and gases expand when heated gives rise to  

 a)   Convection currents in fluids due to changing masses. 

 b)   Convection currents in fluids due to changing densities. 

 c)   Heat transfer by conduction. 

d)   Convection currents in fluids due to constant temperatures 

 

2. When you heat water from 2 C. to 7 C., its density 

 a)   First increases, then decreases.  c)   Always remains the same. 

 b)   First decreases, then increases.  d)   Always decreases. 

3. Life on earth is possible because of convection. Justify. 

------------------------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------Convection Crossword

 
 

 

Across   Down 

3. ***** density fluid floats on  
   higher density fluid 
5. The coldest part of a hot water tank 
7. Air and methane are these 
8. The path taken by convection flow 

 
1. ********* permanganate can by used  
   to dye water 
2. A *** breeze is an example  
   of a convection current 



 
 

11. A liquid or a gas 
15. Potassium ************ has a  
    purple colour 
18. Examples include water and oil 
19. *** fluids are less dense than  
    cold ones 
20. The hottest part of a hot water tank 
21. What cold water does when  
    placed into hot water 

 

4. A sea breeze blows towards this 
6. What substances are made of 
9. Hot gas ***** above cold gas 
12. A way in which heat moves through  
    fluids but not solids 
13. What changes in a liquid when  
    it is heated 
14. These heat a room by convection 
16. A gas that allows convection 
21. Convection cannot take place through these 



 
 

Appendix- F (I) 

Pre-test scores of Experimental and Control groups with reference to Scholastic 

achievement Test 

Sl.No. Experimental Control 
1 11 12 
2 19 15 
3 15 13 
4 08 12 
5 13 14 
6 25 12 
7 15 13 
8 15 16 
9 12 14 

10 16 15 
11 11 13 
12 22 20 
13 11 14 
14 16 15 
15 14 13 
16 14 11 
17 09 12 
18 18 15 
19 07 11 
20 26 13 
21 21 16 
22 11 12 
23 11 13 
24 11 16 
25 11 10 
26 11 11 
27 15 12 
28 17 12 
29 18 14 
30 11 12 

 
 

 

 

 

 

 

 

 

 



 
 

Appendix- F (II) 

Pre-test scores of ‘E’ and ‘C’ Groups with reference to Problem-solving 

Sl.no Experimental group control group 
1 22 22 
2 08 12 
3 30 20 
4 20 07 
5 11 13 
6 21 09 
7 11 16 
8 22 19 
9 04 16 
10 06 14 
11 20 15 
12 25 17 
13 06 19 
14 23 12 
15 23 13 
16 06 11 
17 07 08 
18 22 08 
19 15 13 
20 20 09 
21 22 15 
22 29 21 
23 25 18 
24 14 13 
25 10 09 
26 18 09 
27 17 11 
28 08 18 
29 14 15 
30 10 19 

 
 
 
 

 

 

 

 

 

 

 



 
 

Appendix- F (III) 

Pre-test scores of ‘E’ and ‘C’ Groups with reference   to Critical thinking 

Sl.no Experimental group Control group 
1 10 10 
2 10 14 
3 14 10 
4 12 13 
5 10 16 
6 16 12 
7 06 10 
8 17 12 
9 15 15 

10 14 14 
11 16 12 
12 16 13 
13 11 17 
14 16 12 
15 10 11 
16 10 11 
17 12 12 
18 16 15 
19 07 10 
20 17 13 
21 12 11 
22 16 09 
23 12 14 
24 14 15 
25 18 08 
26 10 08 
27 10 14 
28 13 14 
29 12 16 
30 07 11 

 
 

 

 

 

 

 

 

 

 



 
 

Appendix -F (IV) 

Descriptive statistics table of Scholastic achievement with reference to 

 Subject -discipline, Educational status and levels 

 

Group Subject-

discipline 

Mean SD N 

Experimental 

 

P/M 20.71 4.84 17 

C/B 22.46 4.31 13 

Total 21.46 4.63 30 

 

control 

 

P.M 14.00 2.19 16 

C.B 15.78 1.57 14 

Total 14.83 2.10 30 

 

Total  

 

P.M 17.45 5.05 33 

C.B 19.00 4.62 27 

Total 18.15 4.88 60 

 

Group Educational  

Status 

Mean SD N 

Experimental 

 

P.G 23.21 4.24 14 

NON P.G  19.94 4.52 16 

Total 21.47 4.63 30 

 

control 

 

P.G 14.85 2.51 13 

NON P.G  14.82 1.81 17 

Total 14.83 2.10 30 

 

Total  

 

P.G 19.19 5.48 27 

NON P.G  17.30 4.23 33 

Total 18.15 4.88 60 

 

 

 

 

 



 
 

Group Levels Mean SD N 

Experimental 

Group 

 

Above Average 21.90 4.35 10 

Average 21.70 4.92 10 

Below Average 20.80 5.00 10 

Total 21.46 4.62 30 

 

Control Group 

Above Average 14.80 2.70 10 

Average 14.60 1.50 10 

Below Average 15.10 2.13 10 

Total 14.83 2.10 30 

 

Total 

 

Above Average 18.35 5.07 20 

Average 18.15 5.08 20 

Below Average 17.95 4.75 20 

Total 18.15 4.88 60 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

Appendix-F (V) 

Descriptive statistics table of problem-solving with reference to subject 

discipline, Educational status and levels of students. 

Group Subject 

discipline 

Mean SD N 

 

Experimental 

P/M 25.29 7.58 17 

C/B 21.38 6.43 13 

Total 23.60 7.26 30 

 

control 

P/M 14.62 4.34 16 

C/B 14.78 3.44 14 

Total 14.70 3.88 30 

 

Total  

 

P/M 20.12 8.18 33 

C/B 17.96 6.03 27 

Total 19.15 7.31 60 

 

 

Group Educational 

Status 

Mean SD N 

Experimental 

 

P.G 24.71 6.78 14 

NON P.G  22.62 7.74 16 

Total 23.60 7.26 30 

 

control 

 

P.G 14.30 3.75 13 

NON P.G  15.00 4.07 17 

Total 14.70 3.88 30 

 

Total  

 

P.G 19.70 7.59 27 

NON P.G  18.70 7.17 33 

 

 

 

 

 

     



 
 

 

Group 

Levels Mean SD N 

Experimental 

 

 

Above Average 26.10 7.06 10 

Average 26.00 7.94 10 

Below Average 18.70 4.13 10 

Total 23.60 7.26 30 

 

control 

Above Average 16.30 4.05 10 

Average 13.70 3.12 10 

Below Average 14.10 4.25 10 

Total 14.70 3.88 30 

 

Total  

 

Above Average 21.20 7.52 20 

Average 19.85 8.62 20 

Below Average 16.40 4.71 20 

Total 19.15 7.31 60 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

Appendix-F (VI) 

Descriptive statistics table of Critical thinking subject discipline, Educational 

status and levels of students  

Group Subject-

discipline 

Mean SD N 

Experimental 

 

P/M 18.12 2.87 17 

C/B 16.08 2.78 13 

Total 17.23 2.96 30 

 

control 

 

P.M 12.81 3.18 16 

C.B 12.42 3.08 14 

Total 12.63 3.09 30 

 

Total  

 

P.M 15.55 4.01 33 

C.B 14.19 3.43 27 

Total 14.93 3.79 60 

 

Group Educational 

Status 

Mean SD N 

Experimental 

 

P.G 16.86 3.23 14 

NON P.G  17.56 2.78 16 

Total 17.23 2.96 30 

 

control 

 

P.G 11.46 3.01 13 

NON P.G  13.53 2.91 17 

Total 12.63 3.09 30 

 

Total  

 

P.G 14.26 4.12 27 

NON P.G  15.48 3.47 33 

Total 14.93 3.79 60 

 

 

 

 

 

 



 
 

Group Levels Mean SD N 

Experimental 

 

 

Above Average 17.20 3.16 10 

Average 17.60 3.65 10 

Below Average 16.90 2.18 10 

Total 17.23 2.96 30 

 

control 

Above Average 13.50 2.95 10 

Average 13.50 3.30 10 

Below Average 10.90 2.47 10 

Total 12.63 3.09 30 

 

Total  

 

Above Average 15.35 3.53 20 

Average 15.55 3.99 20 

Below Average 13.90 3.82 20 

Total 14.93 3.79 60 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

Appendix-G (I) 

Immediate and Delayed post-test scores of Experimental Group with reference to 

Scholastic achievement 

Sl.No Immediate post-test Scores Delayed post-test Scores 
1 23 21 
2 28 28 
3 21 22 
4 17 15 
5 15 16 
6 27 26 
7 24 26 
8 23 25 
9 24 23 
10 17 19 
11 22 25 
12 24 26 
13 22 21 
14 28 25 
15 24 24 
16 15 16 
17 12 12 
18 22 21 
19 21 22 
20 27 28 
21 27 26 
22 27 26 
23 16 18 
24 21 22 
25 18 18 
26 20 21 
27 15 16 
28 24 25 
29 26 25 
30 14 16 

 

 

 

 

 

 

 

 

 



 
 

Appendix -G (II) 

Immediate and Delayed Post-test scores of Experimental Group with reference 

to Problem-solving ability 

Sl.No Immediate post-test Scores Delayed post-test Scores 
1 37 35 
2 30 31 
3 32 30 
4 34 35 
5 16 18 
6 27 29 
7 21 19 
8 25 28 
9 20 21 
10 19 18 
11 24 24 
12 32 32 
13 16 18 
14 37 36 
15 28 29 
16 13 14 
17 20 18 
18 30 29 
19 25 24 
20 35 35 
21 16 15 
22 24 23 
23 17 18 
24 24 25 
25 20 21 
26 22 19 
27 20 20 
28 15 15 
29 18 19 
30 11 10 

 

 

 

 

 

 

 

 

 



 
 

 

Appendix-G (III) 

Immediate and Delayed Post-test scores of Experimental Group with reference 

to Critical thinking ability 

Sl.no Immediate post-test Delayed post-test 
1 15 14 
2 15 15 
3 14 16 
4 13 13 
5 18 18 
6 23 23 
7 16 17 
8 18 19 
9 20 21 

10 20 19 
11 21 22 
12 19 17 
13 13 16 
14 18 19 
15 17 15 
16 18 15 
17 14 17 
18 21 21 
19 12 14 
20 23 24 
21 16 16 
22 18 19 
23 14 14 
24 17 19 
25 20 21 
26 20 20 
27 17 15 
28 15 14 
29 18 19 
30 14 16 

 
 

 

 

 

 

 

 



 
 

APPENDIX-H 

Time table of the Experiment 

DATE ACTIVITY CLASS 

07-04-2011 Pre-test on Scholastic Achievement and 

critical thinking ability. 

Dr.Ambedkar college of 

Education 

08-04-2011 Pre-test on problem-solving ability. Dr.Ambedkar college of 

Education 

09-04-2011 Pre-test on Scholastic Achievement and 

critical thinking ability. 

M.E.S Teachers college. 

11-04-2011 Pre-test on problem-solving ability. M.E.S Teachers college 

12-04-2011 Demo by the Research scholar on the 

basic essentials of Cooperative learning 

strategy 

M.E.S Teachers college 

13-04-2011 Concept and Structure of Atom M.E.S Teachers college 

15-04-2011 Structure of Atom M.E.S Teachers college 

18-04-2011 Nuclear Fission M.E.S Teachers college 

20-04-2011 Nuclear Chain Reaction (Fission) M.E.S Teachers college 

22-04-2011 Nuclear Fusion  M.E.S Teachers college 

25-04-2011 Nuclear Power Plant M.E.S Teachers college 

27-04-2011 Heat and Temperature M.E.S Teachers college 

29-04-2011 Thermal Expansion M.E.S Teachers college 

02-05-2011 Effects of Heat and Different Scales of 

Temperature 

M.E.S Teachers college 

04-05-2011 Heat Transfer By Conduction M.E.S Teachers college 

06-05-2011 Heat Transfer By Convection M.E.S Teachers college 

09-05-2011 Heat Transfer By Radiation M.E.S Teachers college 

11-05-2011 Specific Heat Capacity M.E.S Teachers college 



 
 

13-05-2011 Latent Heat M.E.S Teachers college 

16-05-2011 Post-test on Scholastic Achievement and 

critical thinking ability. 

Dr.Ambedkar college of 

Education 

17-05-2011 Post-test on problem-solving ability. Dr.Ambedkar college of 

Education 

16-05-2011 Post-test on Scholastic Achievement and 

critical thinking ability. 

M.E.S Teachers college. 

17-05-2011 Post-test on problem-solving ability. M.E.S Teachers college 

28-06-2011 Delayed Post-test on Scholastic 

Achievement and critical thinking ability. 

M.E.S Teachers college. 

29-06-2011 Delayed Post-test on problem-solving 

ability. 

M.E.S Teachers college 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 


