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ABSTRACT 

The science textbook is one of the elements that can affect the quality of science 

education. The science textbook for any grade usually contains complicated and abstract 

concepts that students have to comprehend. It was evident from reported literature that 

these science concepts usually demand a higher level of reasoning ability from students 

while they have not yet attained that cognitive developmental level. One of the reasons is 

that Piaget‘s proposed age-stage model does not exist in its true sense and there is great 

variation in distribution of students at different Piagetian developmental levels (PDLs) 

throughout the world. This causes a mismatch between curricula demand and students‘ 

reasoning ability level. This mismatch is ultimately claimed to affect the students‘ 

attitude towards science learning.  

This study aimed to analyze the cognitive demand of the curricula of the 8
th

 grade 

General Science textbook and patterns of Piagetian developmental levels and attitude 

towards science learning of students at 8
th

 and 9
th

 grades. Along with that, this study was 

also focused on exploring the effect of the mismatch between curricula demand and 

students‘ Piagetian developmental levels on students‘ attitude towards science learning.  

 From 35 districts of Punjab province, three districts (Okara, Sargodha, & 

Rawalpindi) were conveniently selected for data collection. The data was collected from 

1233 students of 8
th

 and 9
th

 grades of 37 government schools of these three districts.  

 Curriculum Analysis Taxonomy (CAT) was applied to breakdown the 8
th

 grade 

General Science textbook in terms of Piagetian developmental levels. Attitude of the 

students was measured by Attitude towards Science Learning scale (AtSL), a five point 

Likert scale, whereas the existing Piagetian developmental levels of the students were 
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measured by administering of the Pendulum task (PRT III). Both research instruments 

were in Urdu (national language) and were personally administered by the researcher to 

ensure the reliability and a high rate of return of data. 

 The mismatch between cognitive demands of the curricula of the 8
th

 grade 

General Science textbook and existing Piagetian developmental levels of students of 8
th

 

grade was calculated. Later, the effect of this mismatch (between cognitive demands of 

the curricula of the 8
th

 grade General Science textbook and existing Piagetian 

developmental levels of students at 8
th

 grade) on attitude towards science learning was 

examined. 

It was found that respondents‘ parental profile regarding qualification and 

profession was very low. The contents of General science textbook of 8
th

 grade were 

found to be distributed unevenly at different Piagetian developmental levels throughout 

textbook. Most of the respondents were at different sub-stages of the Concrete 

Operational level and a few were at Early Formal Operational level. It was further found 

that female students scored higher on the Pendulum task and also have better attitude 

towards science learning than male students. Similarly 9
th

 grade students performed 

better on the Pendulum task and have more positive attitude towards science learning 

than 8
th

 grade students. Rural and urban students were not significantly different in their 

attitude, whereas urban students performed significantly better on the Pendulum task. 

Students at different Piagetian developmental levels significantly differ in their attitude 

towards science learning. 

It was concluded that the respondents were from the lower socio-economic sector 

of society. Female students were more clustered at higher levels of cognitive 



vii 

 

development than male students, and female students have better attitude towards science 

learning. The attitude of the students increases with the increase in their reasoning ability. 

It was concluded that there exists a mismatch between students‘ reasoning ability and 

curricula demand and, with the increase in quantity of the mismatch, a decrease in 

attitude towards science learning occurs. 

  It was recommended that the curriculum development experts need to develop a 

model in terms of Piagetian developmental levels for deciding the nature, level and 

complexity of the content while developing science textbooks at any grade. It is further 

recommended that teachers replace the didactic teaching method with the interactive one. 

The teachers should group students with different reasoning abilities within the class. 

Teachers should use different teaching techniques to introduce the content of the science 

textbooks to enhance, encourage and motivate students and to develop their attitude 

towards science learning. 
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Chapter 1 

Introduction 

Science education plays a key role in the economical and technological 

development of the country. Pakistan, being a developing country, the importance of 

science education at all levels, particularly at schools, has been recognized in every 

education policy and plan. The ratio of enrolment in science to enrolment in humanities 

group at 9
th

 grade is 2:1 (Education Census, 2005) it reflects that our educational system 

is still unable to attract the attention of students towards science subjects. National 

Educational Policy 1998-2010 has probably the clearest vision for improving science 

education among all educational policies and, along with other measures promised, three 

aspects were highlighted: a) upgrading the science equipments in schools‘ laboratories, 

b) training for science teachers and, c) reviewing science textbooks. The only aim of 

these efforts is to develop positive attitude towards science and science learning among 

school students because the level of positive attitude towards science (and science 

learning too) is easier to maintain at early grades than shifting attitude from negative to 

positive in later grades (Cokadar & Kulce, 2008). 

Quality of science education at any grade depends on different factors and textbooks 

are one of these factors. A Science curriculum always remains under consideration by 

educational experts in order to keep pace with modern science knowledge. As a result, abstract, 

complex and difficult concepts are being introduced at lower grades. Textbooks, including 

science textbooks, in Pakistan are developed in light of the instructional objectives set by the 

Curriculum Wing, Ministry of Education (MoE), that are supposed to be achieved by the 

students (Mahmood, 2006). Science textbooks are usually used as the single instructional 



2 

 

material at all grades in government owned schools and in some private schools as well. 

These science textbooks are supposed to develop depth of knowledge and understanding, 

as one of the aims of science education in Pakistan is to develop scientific thinking and 

curiosity among students. The science textbooks include only information. They do not 

promote thinking and ultimately lead to rote memorization among students, particularly 

at school level (Aly, 2007). Similarly, Reiss (2004) was of the view about the science 

curriculum of English schools that, ―The existing science curricula seem never to require 

students to reflect on why they are learning in science, what they are 

learning…consequently students were of the view that science played a small part in their 

lives‖ (p.100). This problem gets worse with General Science textbooks that consist of 

the integrated curriculum of biology, chemistry, physics, and earth and space. There is 

need to develop a logical link between the contents, inter-disciplinary as well as intra-

disciplinary which makes writing of General Science textbooks more difficult. This 

notion of concern is not new. Curtis (1942) even had reported that, ―The majority of 

authors of General Science textbooks are seemed not agree to what to include in General 

Science textbook.‖ This problem persists as the American Association for Advancement 

of Science (AAAS) did not find a single science book satisfactory for elementary schools 

level in the USA (Budiansky, 2001). In other words the selection of contents for General 

Science textbooks is very important, and this content should not only relate to students‘ 

daily life, but also should be written near or equal to students‘ comprehension level.  

The General Science textbooks at any grade contain contents that demand a 

specific cognitive level by the students in order to be comprehended. Interestingly, an 

individual needs to be at or near the appropriate cognitive level to understand these 
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scientific concepts presented by the curriculum and textbook author (Inhelder & Piaget, 

1958; Adey & Shayer, 1994).  If the appropriate schemata do not exist or have not yet 

developed completely, an individual might not be able to comprehend the content of 

his/her science textbook.  

According to Piaget‘s age-stage model, with some variations, the Formal 

Operational stage is usually started in an individual above 11 years (Inhelder & Piaget, 

1958). The research studies conducted in the United Kingdom, the USA, South Korea, 

Australia, Pakistan, and Turkey used different research instruments to measure the 

Piagetian developmental levels (PDLs) of the students at different grades, and the 

findings revealed that students usually have not attained the specific Piagetian 

developmental levels specified by the age-stage model of Piaget (Cepni, Ozsevgec & 

Cerrah, 2004; Cleminson, 1989; Kim, Park, Oh, Kim, & Park, 2004; Iqbal, 1997; Shayer, 

1978a; Shayer, 1978b; Shayer, Kuchemann & Whylam, 1976; Shayer & Whylam, 1978; 

Shin, Lee, Shin, & Choi, 2003; Song, Park, Kim, Kim & Park, 2005; Sutherland, 1999).  

The content of science textbooks can also be categorized in terms of Piagetian 

developmental levels. Shayer and Adey (1983) introduced the Curriculum Analysis 

Taxonomy (CAT) for this purpose. The previous studies (Cepni, Ozsevgec and Cerrah, 

2004; Cleminson, 1989; Kim, et al., 2004; Iqbal, 1997; Shayer, 1978a; Shayer, 1978b; 

Shayer, Kuchemann & Whylam, 1976; Shayer and Whylam, 1978; Shin et al., 2003; 

Song et al., 2005) compare the cognitive demands of content presented in science 

textbooks at different grades and existing Piagetian developmental levels of students, and 

reported the mismatch between cognitive demand of curricula, and the existing Piagetian 

developmental levels of students. 
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This mismatch, between students‘ cognitive levels and the concepts given in 

science textbooks, might affect the students‘ attitude towards learning of science (Cepni, 

Ozsevgec & Cerrah, 2004; Iqbal, 1997). Similarly, if the content of the science subject 

are too difficult or too easy according to students‘ comprehension level, it will 

discourage them towards learning (Dweck & Bempechat, 1983). The consequences of 

this adverse affect on attitude might lead the students to select the humanities group for 

their future career, and might even affect their achievement in science at higher grades. 

One of the major problems with attitude is that once an attitude is formed then it is 

difficult to change, even by continuous persuasion (Baron & Byrne, 2004), and attitude 

towards science learning of a student can be developed or enhanced if the level of the 

content is the same as his/her Piagetian developmental level (Cepni, Ozsevgec & Cerrah, 

2004).  

In Pakistan, students after the completion of 8
th

 grade, have to select either 

science or humanities subjects. Usually, this selection depends upon the students‘ 

achievement marks in science subjects and sometimes overall achievement marks 

obtained in 8
th

 grade. The parents on the other hand, force the teachers to enrol their 

children in science subjects to ensure their bright future. In this situation, the student is 

totally at the mercy of the teacher-parent decision. Usually students‘ interest and aptitude 

are ignored which later on plays a key role in shaping the future career of young students. 

In fact, there is need to focus on the Piagetian developmental levels of the students not 

only for assigning science subjects, but also while developing science textbooks at any 

grade. This process ultimately affect students‘ attitude towards science learning. 

The textbook authors should have a model that is to be followed to develop 



5 

 

textbooks for a particular grade because, when different contents are combined to form a 

science textbook, it usually does not follow Piagetian developmental levels (Shayer, 

1978b). This model can be established in terms of Piagetian developmental levels of 

students because if teachers are aware of their students Piagetian developmental levels, 

they can modify their classroom practices accordingly (Endler & Bond, 2000). Similarly 

Shayer (1978a) is of the view that although it has been realized that there should be a 

proper matching of course material to pupils‘ cognitive level, there is still a need for it to 

be more emphasized. It will ultimately trigger their attitude towards science learning. It is 

important to note that whenever students have a positive attitude towards subject(s) they 

not only like to sustain learning, but also want to pursue those subjects in their future 

academic carrer (Pell & Jarvis, 2001). 

In Pakistan, the major emphasis of science education is to develop a positive 

attitude towards science and the interest of students at school level. On the other hand, 

new curricula are full of abstract and complex concepts. It‘s true that we have to keep 

pace with modern scientific knowledge but do we consider other consequences of 

introduction of this level of the contents. In fact, just increasing the quantity and depth of 

content does not guarantee the quality of science education. In a nutshell, it can be 

concluded that there is a need to find out whether the mismatch between students 

reasoning ability and curricula demands of General Science textbooks really effects 

students‘ attitude towards science learning, because it is in the interest of the nation to 

provide people fully equipped with sound scientific and technological knowledge. 
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Statement of the Problem 

The content of science textbooks of any class demands a specific intellectual level 

to comprehend it. It‘s possible that students of different ages might have the same 

Piagetian developmental levels while even students of the same age might have different 

Piagetian developmental levels. The mismatch between students‘ Piagetian 

developmental levels and cognitive demands of science textbooks may hinder the 

learning of students. The study was focused on analysis of students‘ attitude towards 

learning of science and Piagetian developmental levels at different grades; and the 

mismatch between cognitive demands of the concepts taught in General Science textbook 

and Piagetian developmental levels of students at 8
th

 grade and its effect on the attitude 

towards science learning. 

Objectives 

1. To analyze the concepts in the curricula of the General Science textbook at 8
th

 grade 

in terms of Piagetian developmental levels. 

2. To find out the compatibility of cognitive development of Pakistani students in 

comparisons to Piaget‘s age-stage model. 

3. To determine the Piaget‘s age-stage pattern among Pakistani students. 

4. To measure the attitude towards science learning of 9
th

 and 8
th

 grades students. 

5. To determine the existing Piagetian developmental levels of 9
th

 and 8
th

 grades 

students. 

6. To find out the students‘ attitude towards science learning with different Piagetian 

developmental levels.  

7. To measure the mismatch between Piagetian developmental levels of students and 
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cognitive demands of science curricula at 8
th

 grade.  

8. To explore the effects of the mismatch (between the Piagetian developmental levels 

of students and cognitive demands of science curricula) on students‘ attitude towards 

science learning at 8
th

 grade.  

Research Questions 

1. Is the content of the General Science textbook sequenced at different Piagetian 

developmental levels at 8
th 

grade? 

2. What proportion of Pakistani students show compatible cognitive development in 

comparison to Piaget‘s suggested age-stage model.  

3. Do students enrolled in government schools follow Piaget‘s age-stage model? 

4. Do students of different gender have the same attitude towards science learning? 

5. Do students of different gender at 8
th

 grade differ in their attitude towards science 

learning? 

6. Do students of different genders at 9
th

 grade have the same attitude towards science 

learning? 

7. Does locality effect the attitude towards science learning among students? 

8. Do students at 9
th

 grade from different locality have the same attitude towards science 

learning? 

9. Do students at 8
th

 grade from different localities differ in their attitude towards 

science learning? 

10. Is there any difference in attitude towards science learning between students at 

different grades? 

11. Does school type effect attitude towards science learning of 8
th

 grade students?  



8 

 

12. Do students of different genders have the same Piagetian developmental levels? 

13. Do students of different genders at 9
th

 grade have the same Piagetian developmental 

levels? 

14. Do students of different genders at 8
th

 grade have the same Piagetian developmental 

levels? 

15. Does locality have any effect at Piagetian developmental levels among students? 

16. Do students at 9
th

 grade from different localities have the same Piagetian 

developmental levels? 

17. Do students at 8
th

 grade from different localities have the same Piagetian 

developmental levels? 

18. Is there any difference in Piagetian developmental levels between students at different 

grades? 

19. Do the school types affect Piagetian developmental level of students at 8
th

 grade? 

20. Do students at different Piagetian developmental levels differ in their attitude towards 

science learning? 

21. Do students of different gender at different Piagetian developmental levels differ in 

their attitude towards science learning? 

22. Do students of different locality at different Piagetian developmental levels differ in 

their attitude towards science learning? 

23. Do students of different grades at different Piagetian developmental levels differ in 

their attitude towards science learning? 

24. Does there exist any mismatch between cognitive demand of content and students‘ 

Piagetian development levels at 8
th

 grade? 
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25. Does this mismatch (between cognitive demand of content and students‘ Piagetian 

development) effect students‘ attitude towards science learning? 

 

Significance of the Study 

The study was significant in the following perspective:  

Knowing Piagetian developmental levels of 8
th

 and 9
th

 grade students would help 

curriculum developers to select appropriate concepts to be included in their respective 

science textbooks. It would also provide evidence to develop a model in terms of PDLs 

that would be followed, while developing new science textbooks.  

This study would be beneficial for teachers teaching science subjects in 

understanding students‘ attitude towards science learning. It would work in two ways, i.e., 

curriculum developers would include those concepts of science that develop or/and 

enhance the attitude of the students, and teachers would change the science classroom 

environment to enhance the students‘ attitude towards science learning. 

The study would provide evidence that students with higher cognitive levels have 

better attitude and the discrepancy between curricula demands and students‘ Piagetian 

developmental levels might affect their attitude towards science learning. Therefore 

curriculum developers might look into ways to narrow the gap between curricula 

demands and students‘ Piagetian developmental levels. 

Delimitations 

The study was delimited to; 

1. Government sector elementary and high schools of the Punjab province. 

2. Science students of 9
th

 grade. 
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Chapter 2 

Review of Related Literature 

Research throughout world has documented that there is a mismatch between curricula 

demands of science subjects and students‘ reasoning abilities at different grades (Adey & Shayer, 

1994; Cleminson, 1989; Iqbal, 1997; Kim et al., 2004; Shin et al., 2003; Song et al., 2005). This 

mismatch is supposed to affect the students‘ attitude towards science learning (Adey & Shayer, 

1994; Iqbal, 1997; Cepni, Ozevec & Cerrah, 2004). One of the major reasons might be when an 

individual is not able to comprehend the contents of the subject; he/she may try to cram the 

contents. This cramming ultimately does not involve students‘ actively in the process of learning. 

The passive involvement of the individual in his/her study may not help to develop a positive 

attitude towards science learning. This study focuses on the claim of adverse effect of a mismatch 

between curricula demand and reasoning abilities of the students on attitude towards science 

learning. This section deals the review of literature in three major parts; a) cognitive demand of 

curricula by applying Curriculum Analysis Taxonomy (CAT), b) Piagetian developmental levels 

and their measurement, and c) learning and attitude towards science. 

This is the era of economic development which is linked to knowledge-based economic 

activities. Science education can play a very important role in economic development of countries 

on the basis of technological advancements. Science education thus helps in this progress and great 

effort to gain those standards that are accessible through scientific knowledge. To keep pace with 

advancement of scientific knowledge; complicated and abstract concepts are being introduced in 

lower grades‘ science textbooks. These textbooks, at any grade, are one of the many factors 

directly related to the quality of science education. The conceptual comprehension of science 

content is a complex and complicated phenomenon.  During this process, an individual integrates 
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the understanding of single concepts or more complex concepts to develop a new concept (Paris, 

Cross & Lipson, 1984).  

Students‘ interests and attitudes toward science play an important role in developing a 

remarkable understanding of scientific concepts. This understanding is usually beyond rote 

memorization (Nieswandt, 2007).  The contents differ significantly in their nature and the 

complexity of science textbooks. This variation becomes more significant when the science 

textbook is presented in the form of an integrated textbook having contents from different areas of 

science, i.e., Biology, Chemistry, Physics, and Earth and Space.  Individuals with different levels 

of cognitive ability are usually not able to comprehend all the contents given in the science 

textbook. It is very important not only for curriculum experts but also for teachers, that they should 

consider the cognitive demand of the curricula while presenting its contents to students. 

Cognitive Demand of Curricula 

Piaget‘s theory yields several principles providing both deep understanding of children 

and general guidance for the educational enterprise. These principles serve as a basis for a 

progressive approach to education, especially for the curriculum development of science textbooks. 

In the school curriculum, science is not only a collection of the scientific meanings of laws, 

principles and theories of scientific disciplines (Roberts, 1998), but it also provides a wide 

range of concepts and skills to use across the domains. Keeping this in view, the selection 

of contents at any grade for science textbooks always remain under the consideration of the 

educationists/ curriculum developers. The contents, selected for the science textbooks, if based on 

some appropriate model, can become conceptual rather than particular and can involve students 

more actively, causing the learning process constructive inquiry (Joyce, Calhoun, & Hopkins, 

2002). 
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The contents that demand learners to think and respond (cognitive process) depend upon a 

number of factors. These factors consist of learners‘ view as thinkers, their general disposition to 

thinking, and their beliefs regarding education and learning. Such factors are deeply influenced by 

students‘ past experiences and the culture in which they interact (William & Burden, 1998). 

The contents of science textbooks, even if developed partially using the models based on the 

psychological development of the child, may be more effective than contents that do not follow 

any such model (Ginsburgh, 1996). The contents developed without any model may cause 

pupils to experience some of the frustration of cramming and rote learning. The 

meaningless material of textbooks causes failure to make actual progress in science 

subjects by the students (Maoldomhnaigh, 2004).  

Chiappetta (1976) is of the view that the majority of science courses taught earlier at the 

secondary level were too abstract and difficult for most children. One of the mechanisms to ensure 

the compatibility between the comprehension levels and students stage of development was 

ensured when different types of taxonomies were developed. These taxonomies are mostly 

used for contents analysis of textbooks in terms of the formulated objectives, e.g., 

Context Input Process Product Model (CIPP), Objective Analysis Model, Goal Free 

Model and Naturalistic Approach (Posner, 2004) but there was no such taxonomy 

available that can be used to decide the suitability of the contents according to cognitive 

levels of the students. For this purpose the Curriculum Analysis Taxonomy (CAT) was 

developed by Shayer and Adey (1983). 
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Curriculum Analysis Taxonomy (CAT) 

The Curriculum Analysis Taxonomy (CAT) was basically developed on the 

foundation of Piaget‘s work of cognitive development. In other words, the schemas 

which Piaget has described as underlying children‘s thinking should be used as the basis 

for constructing a descriptive taxonomy. This taxonomy consists of two parts: 

a. Different aspects of the development of the child‘s interaction with the world.  

b. The development of different schemas required for the understanding of 

science.  

 

The first part of CAT focuses on about different aspects of the cognitive levels of 

the child‘s interaction and explains six functions in terms of five stages of Piagetian 

developmental levels, starting from Pre Operational to Late Formal Operational levels. 

The second part of CAT is about the development of schemas. These schemas are 

required in order to understand science concepts. It is explained under the umbrella of 

nine types of problems encountered by children in terms of four levels of Piagetian 

development, i.e. Early Concrete, Late Concrete, Early Formal and Late Formal levels.  
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Table 2.1  

Curriculum Analysis Taxonomy Headings 

Taxonomy 1 Headings Taxonomy 2 Headings 

1.1 Interest and investigation style 2.1 Conversation 

1.2 Reasons for events 2.2 Proportionality 

1.3 Relationship 2.3 Equilibrium of system 

1.4 Use of models 2.4 Mathematical operations (physical 

sciences) 

1.5 Type of categorization 2.5 Control of variables 

1.6 Depth of interpretation (for 

descriptive passages) 

2.6 Exclusion of irrelevant variables 

  2.7 Probabilistic thinking 

  2.8 Correlational reasoning 

  2.9 Measurement skills 

Adey and Shayer, 1994, p. 33 

The CAT, in its true spirit, was developed is originated on the basis of Piaget‘s 

work. The theme of this taxonomy is to explain the contents of any subject level of 

science in terms of Piagetian developmental levels. In other words, unlike other models, 

CAT breaks down the contents of science subject(s) in terms of Piagetian developmental 

levels as reported by Adey and Shayer in England, Cepni, Ozsevgec and Cerrah in 

Turkey, Shin et al., Kim et al. and Song et al. in South Korea and Iqbal in Pakistan. The 

findings of these studies reflect that CAT works in its true nature and the contents can be 

broken down in Piagetian developmental levels accordingly. 
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National and international studies based on CAT. 

Shayer (1991) applied the Curriculum Analysis Taxonomy (CAT) to GCE (O-

Level) science curricula of the 1970s and again applied the CAT to the 1991 National 

curriculum for science in England and Wales to find evidence of a mismatch between 

curricula demands and students‘ reasoning ability. The analysis of both curriculums 

revealed that a majority of the contents demand Formal reasoning levels by students in 

order to comprehend. This evidence was later used for intervention among students to 

increase their reasoning abilities (Adey & Shayer 1994).      

Iqbal (1997), in Pakistan, during his research work on CASE (Cognitive 

Acceleration through Science Education) categorized the contents of 6
th

, 7
th

 and 8
th

 grade 

science textbooks by applying CAT. He found that only 7% of the curriculum of 8
th

 grade 

is of Concrete Generalization, 79% is of Early Formal, and 14% demands thinking at the 

late Formal level. 

Cleminson (1989) in the USA also applied Curriculum Analysis Taxonomy to 

standardized 9
th

 grade General Physical Science curriculum. The purpose of the study 

was to determine the ‗conceptual change in science curriculum‘ in Philadelphia. It was 

concluded that a large amount of content demands higher levels of reasoning abilities.  

Kim et al., (2004), Song et al., (2005) and Shin et al., (2003) in Korea, also used 

CAT for analyzing different science textbooks at different grades and reported that the 

demand of the concepts taught in textbooks are higher than the present cognitive levels of 

students of that specific grade.  

It is evident from results of these studies that CAT may be used to categorise the 

content of science textbooks in terms of Piagetian developmental levels. Now the 
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question arises as to how it can be claimed that the curricula demand of the content is 

above the comprehension levels of the students. For this purpose, students are also 

assigned their respective Piagetian developmental levels by assessing them against 

different reasoning ability measuring tests and tasks.  

Piagetian Developmental Levels (PDLs) 

 Piaget was neither an educationist nor a psychologist but he still played a tremendous role 

in the development of a new era in educational psychology. In fact, his keen observations 

introduced an entirely new concept to the educational field. Most of his work was to determine the 

thinking process of a child, especially related to a new situation. He was also interested to find out, 

that how knowledge develops in humans and also how this knowledge changes over time. Usually, 

the term ‗Genetic Epistemology‘ is used to explain this process. Later, his work introduced a new 

theory about learning, known as ‗cognitive theory‘ based on the cognitive development of an 

individual.  Piaget developed the age-stage model on which later he and Inhelder worked. The 

age-stage model states that a person passes through four distinct stages of cognitive development. 

The important aspect of these stages is that each earlier stage is a pre-requisite for the next stage. 

Inhelder and Piaget (1958) have explored their work in the famous book, ―Logical thinking among 

adolescents.‖ Piaget focused on the development of logical reasoning of an individual as a key for 

cognitive development (Taylor, 2005).  

Logical reasoning is based on operations. According to Wood (1997), ―Operations are 

mental constructions which the child creates to make sense of his/ her experience of the world. The 

transition in human development, from an intelligence restricted to a capacity to perform single 

mental actions to one structured as a system of mental operations, requires makes an intellectual 

revolution that occurs at about seven years of age‖ (p. 23).   
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Piaget‘s theory focuses on the development of thinking patterns from birth to adulthood. 

The major distribution of age-stage model is shown in Table 2.2: 

Table 2.2 

Piaget Age-stage Model 

Stages Name of stage Age in year 

Stage one 

Stage two 

Stage three 

Stage four  

Sensory Motor  

Preoperational thought  

Concrete operations  

Formal operations  

Birth - 2 years 

2 – 7 years 

7 -11 years 

Above 11 years 

Source: Inhelder & Piaget, (1958) 

 The first two stages, the sensory motor and pre-operation stages, are not relevant to the age 

group of this study. Stages three and four, Concrete Operations and Formal Operations are the 

stages focused on here because at 8
th
 and 9

th
 grades, the age of students Pakistan usually is 13+ 

years (Mirza, Iqbal, Abaidullah, Nosheen & Rehman, 1999). The Concrete Operational and the 

Formal Operational stages demand complex activities and manipulation of variables. More details 

of these two stages are: 

Concrete Operational stage. 

 The age span of this stage is from 7 to 11 years. During this stage, an individual develops 

and strengthens different schemas. In other words, concrete operation means, ―Enabling to handle 

different logical operations. This operation is an action or reasoning pattern.  Logical operations 

are also called internalized cognitive actions that help to arrive at a conclusion based on some 

logic‖ (Piaget, 1968). At this stage the child has more meaningful exposure and becomes less 

egocentric. The transition process to Concrete Operational stage helps an individual to grasp the 

events more clearly on the basis of some reasoning pattern but he lacks any hypothetical model, 
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and ―During concrete operations, the use of language becomes more fully communicative in 

function‖ (Goswami, 2008). In other words, now a child is able to perform concrete operations in 

the presence of concrete models. The concrete operations enable individuals to organize the given 

data in some required order and these operations are based on the logic of classes and relations 

(Inhelder & Piaget, 1958). Class inclusion, Serial Ordering, Reversibility, and Conservation 

(Number, Mass, Area, Weight and Volume) are the functions of the Concrete Operational stage. 

This stage has been categorized in the following further sub-stages: 

a. Early Concrete  

b. Mature Concrete 

c. Concrete Generalization 

As an individual moves upwards in the sub-stages of this stage, his speed of controlling 

variables becomes better; i.e., his/her speed of addressing different functions increases. The 

explanation of these functions in detail is given one by one. 

a. Class inclusion.  

 This means classifying and generalizing according to observable characteristics; i.e., size, 

colour, etc. The individual possesses the ability to handle and manipulate ‗part-whole‘ 

relationships in any given category and class inclusion is based on the mathematical functions of 

addition, subtraction, and multiplication in qualitative senses (Inhelder & Piaget, 1958; Piaget & 

Inhelder 1969; Piaget 1972b).  For example; the individual can classify boys and girls as children 

and he/ she also can combine adult and children as people. Similarly, he/ she can distinguish dogs 

as members of an animal group.  
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b. Serial ordering.  

 Serialization or serial ordering is a process in which a child can arrange the objects on the 

basis of observable properties and is also able to develop a correspondence between two 

observable sets. Goswami (2008) has named this function as ‗transitivity‘. Serialization mostly 

depends on the working memory capacity of an individual (Adey, Robertson & Venville, 2001). It 

consists of the ability of an individual to generalize along the linear dimension, i.e., size, weight etc. 

This linear dimension is derived from the logic of relation. The child is able to perform following 

function mentally, i.e.; A > B and B > C, so A> C (Inhelder & Piaget, 1958), and also able to 

arrange sticks either from largest to smallest or from smallest to largest according to size.  

c. Reversibility.  

This means the ability of children to return to the starting point of the operation in question. 

This operation is based on the logic of classes (by inversion) and the logic of relations (by 

reciprocity) (Inhelder and Piaget, 1958). For example, a child is able to mentally work out how 

she/he has calculated mathematical functions or, after going through some process, may know 

how she/he has performed it such as, 4 + 4 = 8, and he knows 8 – 4 = 4.  

Piaget (1968) has explained the concept of reversibility by quoting the following example. 

―A child is shown three balls of the same size but each of different colour, marked A, B, C. The 

balls are placed in a cylinder in the order C, B, A. Then the cylinder is rotated 180 degrees. A 

concrete operational child who has constructed reversibility has no trouble with the above problem. 

He or she can invert the change and make the appropriate deduction (Inversion)‖ (p. 94). 
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Figure 2.1: Arrangements of three balls showing concept of reversibility  

 

Source: Piaget (1968). Six psychological studies (translated) p.95 

 

d. Conservation.  

Conservation is the ability to realize that quantity remains the same even if it changes 

shape, size, length, or area. At the end of this stage student is able to complete conservation of 

volume, number, length, weight, liquid, area, and mass (Oakley, 2004). The developmental 

sequence suggests that the ability to conserve liquid volume implies the ability to conserve area, 

substance and number. Each new kind of conservation always implies that previous levels in the 

sequence have been attained. The conservation of different aspects is age-bound and different 

functions are comprehended by children in their different age spans. The Relationship between 

aspects of conservation and age is given in Table 2.3. 
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Table 2.3 

Relationship Between Aspects of Conservation and Age 

S. No Type of conservation  Age  (in years) 

1 Number 5-6 

2 Substance (mass) 7-8 

3 Area 7-8 

4 Liquid volume 7-8 

5 Weight  9-10 

6 Volume (solids) 11-12 

Source: Goswami (2008). Cognitive Development, the Learning Brain. (p.75) 

For example a glass of water is poured in a beaker; he/she can understand that the amount 

of water is the same regardless of size of the objects. 

Formal operational stage. 

The major difference between the two kinds of thought is the much greater range of 

application and type of logical operations available to the child with formal thought. Concrete 

thought is limited to solving tangible concrete problems known in the present. A child with fully 

developed formal operations can deal with all classes of problems. He/she can reason effectively 

about the present, past, and future (Inhelder & Piaget, 1958).  During this phase, the child becomes 

capable of introspection and is able to think about his/her own thoughts and feelings. It makes a 

child capable of reasoning, independent of past and current experiences. For the first time at this 

stage, the child can operate on the logic of an argument (problem) independent of its contents. 

He/she is aware that logically derived conclusions have validity independent of factual truth 

(Goswami, 2008). 
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Formal thought has the complex characteristics of being hypothetical-deductive, scientific-

inductive and reflective-abstractive. These thoughts operate on content rather than concrete model. 

According to Inhelder and Piaget (1958), ―The prominent feature of formal thought is that it no 

longer deals with objects directly but with verbal elements‖ (p. 252). At the Formal stage the 

individual can think logically, abstractly and theoretically. Hence abstract calculations and 

functions can be performed without the presence of the objects. Although formal thought is the 

sign of completion of cognitive development in an individual, it is very important to note that not 

all adults achieve formal thought, nor is this thought can be always present in an adult‘s thinking 

(Turner, 1975). Formal operational stage is further categorized into following aspects.  

a. Theoretical reasoning.  

This is the ability to apply multiple classifications, conservation and serial ordering, etc. It 

also involves reasoning patterns regarding the relationships and properties. These relationships and 

properties of objects are not directly observable.   

i. Oxidation and reduction reactions,  

ii. Accepting a hypothesis for argumentation.  

b. Combinational Reasoning.  

This is the ability of an individual to consider all possible combinations in mind. These 

combinations should include all possible conceivable combinations.  For example genotype and 

phenotype characteristics of pea plants. 

c. Proportional reasoning.  

This is the ability to consider proportion and inverse proportion among variables at the 

same time or in a given situation. The individual is able to hold the concept of relations between 

two variables or more than two variables. These relationships might be directly or inversely related 
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to each other. For example, temperature is directly proportional to volume but volume is inversely 

proportional to pressure.  

d. Control of variable.  

This is the ability to control a variable according to the need of a situation. The individual 

is not only able to identify the irrelevant variable but also able hold it separate from the relevant 

variables. It is basically for experimental design. For example, keeping length constant, to 

investigate the effect of mass on the swing of a pendulum.  

e. Probabilistic and correlational reasoning.  

The ability of an individual to predict and to recognize the relationship among different 

variables at the same time is called probabilistic and correlational reasoning. For example, 

realizing that if small numbers of members of any group show different behaviours then it does not 

negate the principle conclusions. 

Sources of variation in determination of Piagetian developmental stages; gender, 

locality and grade. 

There is consistent evidence that gender, locality and grade are sources of variation in the 

determination of students‘ Piagetian developmental levels. Many researchers have reported that at 

age 11 to 14 girls usually have a smaller proportion of their number at Formal Operational level 

when compared with boys. Shayer (1989), on the basis of his representative British population 

data, has reported that about the same proportion of male and female students between the ages of 

10 to 16 years were at Mature Concrete level throughout the age range. Female students overall 

slightly exceed the boys in terms of proportions of their number at the Concrete Generalization 

stage throughout the age range. This situation is different for the formal stage; from age 14 on, 

boys, supporting the general findings referred to above, have a significantly greater proportion of 
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their number at both the Early and Mature Formal levels. Levy (1980) considered that boys 

excelled because of the ability to dissembled spatial and logical relationships from contextual 

components of the tasks, while girls tend to determine meaning from connotative context, 

particularly the social context. 

The work of Shayer and William (1984), referred to above, would seem to suggest that 

this is not a factor in the case of the tests of Piagetian cognitive level which they showed gave 

equivalent results for younger boys and girls.  

Adey and Shayer (1994) interpret it as a ―window‖ at age 11/12 which is particularly 

favourable to girls. The difference opens up from age 14, together with differences in brain growth 

spurts of boys and girls at 10/11 (at which stage girls‘ growth spurt is about three times greater 

than boys), and at 15/16 (at which times boys growth spurt is greater than girls).  

Grades have a direct relationship to Piagetian developmental levels. The increase in grade 

level is directly related to the increase in age of the students and it is evident that the increase in age 

results in an increase in reasoning abilities of the individual, whereas no research was available 

indicating the effect of locality on Piagetian developmental levels of the students. 

Measuring Piagetian developmental levels was a difficult process because Piaget himself 

used interview-based tasks to measure these levels. Different paper/pencil tests (Bond, 1995a; 

Cepni, Ozsevgec & Cerrah, 2004; Lawson, 1978) were developed to measure the Piagetian 

developmental levels, but the most frequently used standardized measuring instruments are known 

as Piagetian Reasoning Tasks (PRTs). 
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Piagetian Reasoning Tasks (PRTs).  

 Piaget believed that the cognitive developmental levels of a child could be measured. 

Although, for this purpose, he hasn‘t used any quantitative method, he conducted interviews with 

children on different self-developed tasks. He also used observation for recording data and asked 

different probing questions from children during completing of tasks. Piaget thought that children 

could never accomplish reasoning tasks that were above their cognitive level because he believed 

that there are some ―reasoning patterns‖ or ―scientific thinking‖ in every stage. This reasoning is 

named ―Piagetian Reasoning‖ (RP) and is defined as; ―Ability to demonstrate the acquisition and 

application (in the form of logical thinking) of cognitive concepts as defined by Piaget‘s 

developmental cognitive theory. These concepts include seriation (organizing material into an 

orderly series that facilitates understanding of relationships between events), conservation 

(awareness that physical quantities do not change in amount when altered in appearance), 

classification (ability to organize materials that possess similar characteristics into categories), etc.‖ 

(http://www.iapsych.com/chcdef.html) 

Piaget is of the belief that children of a specific age attain their respective cognitive 

developmental level. Piaget and Inhelder performed a lot of experiments and interviews with 

students and, on the basis of these facts and observations; developed the age-stage model. In 

famous and classical book of Inhelder and Piaget, ―The Growth of Logical Thinking among 

Adolescents‖ (1958), they describe ―Ten‖ schemas as underlying the performance of students on 

different types of experimental problems, i.e., i) control of variables, ii) exclusion of irrelevant 

variables, iii) combinatorial thinking, iv) notions of correlation, v) notions of probability, vi) 

coordination of frames of reference, vii) multiplicative compensation, viii) equilibrium of physical 

system, ix) proportional thinking, and x) physical conservations involving models. 

http://www.iapsych.com/chcdef.html
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By 1974 the general age-stage model was named as the Geneva scale. Further breakdown 

of stages reflected the variations among individuals. Later on in 1978, a team of educationists 

including Shayer, Adey and Wylam, working on a project of CSMS (Concepts in Secondary 

Mathematics and Science) in England, developed seven science reasoning tasks, five of which 

were directly based on experiments described in ―The growth of logical thinking‖ by Inhelder and 

Piaget. Each of these tasks covered the range from before Late Concrete Operations (2B) to Late 

Formal Operation (3B). Every task addresses more than one of the eight schemas. It becomes 

possible, by giving all five tasks to the same sample of pupils, to check whether their performance 

on different tasks and across tasks on different schemas, correlated well with one another (Shayer 

& Adey, 1983). 

The reasoning tasks developed by Piaget were for a single child. But the reasoning tasks 

developed by the team of CSMS, could be applied to a group of children. Although this age-stage 

model has a great variety from year 5 to 15, in the age of 11 to 15 year spectrum, it needs to be 

widened. The National Foundation for Educational Research (NFER) conducted the survey on 

about 14,000 students from 45 schools and a refined Geneva scale was produced.  This new scale 

represents further details of the age-stage model and in this way researchers were able to classify 

students in new Piagetian developmental levels with a broadened spectrum. The sub-levels in the 

Concrete and Formal Operational stages reflect quantitative differences rather than qualitative 

differences. This means that children can understand and handle the concepts but the difference is 

the speed (Adey & Shayer, 1994; Iqbal, 1997). In Pakistan, the age of students in 8
th
 grade is 

usually 13 years if they have begun at the age of 5 years (Mirza, et al, 1999). There might be some 

variations. However slight difference in age does not affect the Piagetian developmental level, i.e., 

they are in Formal Operational stage and might be in Early Formal Operational stage. 
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Researches on Piagetian development levels in national and international perspectives.  

Tisher (1971) reported that out of 232 students from the age range of 12 years to 16.4 

years, only 66 students were at the Formal reasoning stage, while 166 were at the Concrete level. 

Out of 66 respondents, only 20 females were at the Formal level. Chiappetta (1976) has summed 

up the 10 research studies regarding the cognitive developmental levels of students of different 

grades and has concluded that a majority of the respondents had not attained the Formal 

Operational level. 

Lawson (1978) developed a paper pencil test to measure the cognitive developmental 

levels, found that out of 513 students, 35.3% of respondents were at the Concrete level; 49.5% of 

respondents were at the transitional to Formal Operational level; and 15.2% of respondents at 

Formal Operational level. 

Sutherland (1999) stated that 50% of 16 years olds are still at the Concrete Operational 

level and concluded from the study that all adults were not able to reason at the Formal 

Operational level. 

Garnett, Tobin and Swingler (1985) investigated secondary school students aged between 

13-16 years in the Western Australia and reported that a large percentage of students were not able 

to use Formal reasoning ability.  Cleminson (1989) reported that out of 79 ninth grade students. 

Fewer than ten percent (10%) could reason at a Formal level.  

Shayer (1991) has claimed that the National Curriculum for science at the age of 16 

demands Formal Operational level but 70% of students of this age were not able to reason at the 

required level. 

Keng (1993) measured the Concrete and Formal operational stages of 459 secondary 

school students (234 male and 225 female) of 15 years of age. His findings show that only 10% of 
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students were at the Mature Formal level and 39% were at Early Formal level. On the other hand, 

37% of respondents were at the Transitional Concrete level and 13% were at the Early Concrete 

level.  

Yip (1996) reported that most adolescents were incapable of formal reasoning in China. 

Iqbal (1997) conducted a study of 928 students (325 of 8
th
 grade). He reported that 32% of 8

th
 

grade students were at the Mature Concrete Operational level, while only 7% of 8
th
 grade students 

were at the Early Formal Operational level. 

Shin, et al. (2003) measured the cognitive developmental levels of 219 students of 7
th
 

grade in Korea and reported that most of the 7
th
 grade students were at the Concrete Operational 

stage. Similarly, Song et al, (2005) also measured the Piagetian developmental levels of 468 

students of 12
th
 grade in Korea by using the short version of GALT (group assessment of logical 

thinking). They reported that out of 468 students, 74.6% reached the Formal Operational level 

while 20.5% were at the Transitional level, and 4.9% were at the Concrete Operational level.  

Kim, et al. in 2004, conducted their study in South Korea. They surveyed 456 students of 

11
th
 grade by applying GALT (group Assessment of Logical thinking). The results showed that 

52.5% of the surveyed students reached the Formal Operational level, 28.3% students were at the 

Transitional level and 19.5% students were at Concrete Operational level.  

In Turkey, Cepni, Ozsevgec and Cerrah (2004) reported that 22.9% of students were at the 

Early Concrete level and 64% were at the Mature Concrete level, while 12.4% were at the Early 

Formal level and only 0.7% students were at the Mature Formal level. The majority of the students 

were over 11 years of age.  
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Figure 2.2 presents overall picture of distribution of Piagetian development levels. 

Figure 2.2. Distribution of students at different Piagetian developmental levels (in percentages) 

 

Source: http://chiron.valdosta.edu/whuitt/col/cogsys/piaget.html 

Piaget‘s theory yields several principles providing both deep understanding of children 

and general guidance for the educational enterprise. The principles serve as a basis for a 

progressive approach to education (Ginsburgh, 1996). 

The findings of the above studies, conducted in different educational scenarios, revealed 

that distribution of individuals at different Piagetian developmental levels do not follow the age-

stage model as prescribed by Piaget. So there is need to consider the revised age-stage model by 

Adey and Shayer. This revised model can help to select the contents in science textbooks at 

different grades and hence narrow the gap of mismatch between students‘ reasoning abilities and 

the cognitive demands of the content. 

http://chiron.valdosta.edu/whuitt/col/cogsys/piaget.html
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Mismatch between Piagetian Developmental Levels and Science Curricula 

Sayre and Ball (1975) suggested the way to overcome the mismatch between students‘ 

cognitive levels and curricula demands as, ―Secondary science instructions should be structured 

around the cognitive developmental level of the students involved. The results indicate the non-

Formal operational students may be receiving lower grades because of their Piagetian 

developmental levels.‖ (p. 172) 

Yip (1996) is of the view that there is a serious mismatch between the cognitive levels of 

secondary school students and cognitive demands of the science curriculum.  

Iqbal (1997) concluded that 83% of the curriculum of 8
th
 grade demands Formal level of 

thinking, while 68% of the students at 8
th
 grade still have not attained the Formal stage of thinking. 

This shows that there is a mismatch between cognitive demands of curricula of the 8
th
 class and 

the cognitive levels of the students.  

Garnett, Tobin and Swingler (1985) were of the view that, ―It is important for teachers to 

be aware of the reasoning patterns of their students and the cognitive demands of the course 

content, so they can optimally match the content and their teaching strategies with the abilities of 

their students.‖ Kim, et al (2004) also reported that there exists a mismatch between cognitive 

levels of 11
th
 grade students‘ and content of chemistry I book. Cleminson (1989), in his Ph D 

thesis, has concluded that there is a mismatch between cognitive demands and the physical science 

curriculum of 9
th
 grade.  

The evidence from all these studies throughout the world reflects that there exists a 

mismatch between curricula demands of science subjects and students‘ reasoning abilities at 

different grade. Despite having evidences of mismatch, it is worth considering whether this 

mismatch has any impact on the learning itself. Therefore, it seems pertinent to describe learning 
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that takes place and then explore any possible means through which it relates to attitude. 

Learning 

Learning is a complex process. Although defined in many ways, the common 

element in the definitions is ―permanent change‖. Learning is an experiential process 

resulting in a relatively permanent change in behaviour that cannot be explained by 

temporary maturation or innate response tendencies (Eysenck, 2001; Lahey, 2001; 

Woolfolk, 2004). In the ―Dictionary of British Education‖, Gordon and Lawton (2003) have 

defined learning as, ―A permanent or lasting change in knowledge, skill or attitude that is the 

result of experience rather than maturation‖ (p.140). Usually, learning experiences are 

composed of content and process, so a learner is provided with opportunities to explore and 

build important areas of knowledge and to develop suitable strategies for learning (Joyce, 

Calhoun & Hopkins, 2002). 

In any classroom, the experiential process in the teaching/learning phenomena is 

under the control of the teacher. The teacher can use different ways and means for effective 

learning. Exposing students to different teaching methodologies may manipulate the 

experiential process. Shayer and Adey (1994) called this manipulation, ―Intervention into 

a process of cognitive development as in manipulating experiences specifically aimed at 

maximizing developmental potential‖ (p.2).  

It is believed that the enhanced learning process interlinked with the attitude of 

the respondents because both have common aspects. 
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Common aspects in attitude and learning. 

Attitude and learning have some common aspects that give an idea about the 

relationship between attitude and learning. Learning is concerned with cognition. Attitude 

is based on affect, cognition and behaviour of an individual (Petty, 1995). The cognitive 

and affective aspects of attitudes influence behaviour, which, of course, includes learning 

(White, 1988).Wellington and Ireson (2008) have explained this relationship in the way: 

the decline in interest of pupils towards any subject ultimately affect their learning. 

Entwistle and Ramsden (1983) were of the view that learning is influenced by an 

individual‘s attitude. The possible reason for this relationship is that when a positive 

attitude is developed towards any subject, the cognition part of the mind becomes active 

and learning occurs more effectively and efficiently.  

It is evident that students with different attitudes towards any subject showed 

different learning outcomes (Berg, 2005) and it can be predicted that higher achievement in 

any subject might be due to a more positive attitude towards that subject(s). Similarly, low 

grades might be due to a negative attitude towards that subject(s). Beng (2003) is of the view 

that learning is the process of considering preferences and selecting alternatives that are 

influenced by attitudes. It is obvious that attitude might be ―labelled‖ as the driving force in 

the learning process. In a nutshell, between learning and attitude, the most common 

characteristics, is that both are usually internalized and cause permanent change in the 

behaviour of an individual, even if the stimulus may not be there anymore (Petty, 1995).  
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Figure 2.3. Influences on Performance   

 

 

Source: White, T.R. (1988). Learning Science, Page Bros Ltd, Norwich, UK (p-15) 

 

Figure 2.3 reflects the complex relationship between attitude and learning. It is 

important to note that there are many other factors, such as: teaching process, context, 

physical needs, genetic inheritance and experiences that also influence the process of 

learning and attitude of an individual. Teachers use teaching techniques as tools to enhance 

students‘ learning. Those techniques which actively involve students in the learning process 

enhance the learning of students (Beng, 2003; Shayer & Adey, 1994). 

Interest and motivation towards science can be affected by attitude towards science 

especially while learning natural science. It is very important to consider the attitude towards 

science for the purpose of improving science education (Nisimov, n.d.). Evans, Whighm & 

Wang (1995) have reported that through intervention, the attitude towards science of male and 

female students can be significantly improved which results ultimately in enhanced learning in 

science subject(s). Practical work that is an essential part of science subjects is important to 
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motivate students (Parkinson, Hendley, Tanner & Andrew, 2008). This motivation enhances 

the attitude towards learning of the science subjects. It is evident from world data that 

achievement is positively related with attitude and vice versa (TIMSS, 1999). A positive 

condition and pleasant events during the study of the subject matter enhances learning, while 

reverse conditions might affect the learning process adversely (Mager, 1968).  

The above discussion concludes that the learning of an individual in any subject can be 

enhanced by addressing or modifying their attitude towards the subject(s). Therefore it is very 

important to focus on the construct of attitude of the individuals. 

Attitude  

Attitude is a mental sketch about something or someone. It is a primary but 

generalised construct, based on the collection of an individual‘s experiences and is 

usually reflected in the behaviour (Maoldomhnaigh, 2004). Attitudes provide the basis 

for behavioural stimulus and the purpose of the attitude decides the intensity of stimulus 

(Rajecki, 1990). 

Attitude is defined in many ways by different psychologists based on how the 

attitude is measured. Allport (1966) defines attitude as, ―Individual mental processes 

which determine both the actual and potential responses of each person in the social 

world‖ (p.19). On the other hand, attitude is evaluations of various aspects of the social 

world (Petty, 1995; Baron & Byrne, 2004; Myers, 2004). But Petty, Wegener and 

Fabrigar (1997) define attitudes as, ―Evaluation of objects along a dimension from 

positive to negative‖ (p.611). This means that its positive or negative value is determined 

against some criteria. Attitude, in the form of evaluations, always exists in an individual 

whether or not he/she reflects it in his/her behaviour. These evaluations are usually 



36 

 

judgments about any phenomena, i.e., prejudice, tolerance, stereotypes and learning, etc. 

The evaluations that determine the magnitude of the attitude are affected by judgements 

towards specific events, objects or persons. These judgments are not baseless and are 

usually formed on the information received from the surroundings (Barden, et al. 2004). 

 Apart from the social world, the individual‘s mental thinking also counted for his 

attitude as stated by Breckler and Wiggins (1992), ―Mental and neural representations, 

organized through experience, exerting a directive or dynamic influence on behaviour‖ 

(p.409). That is why the Information Processing Model (IPM) is used to understand and 

explain the attitude of individuals today. As information received by individuals varies from 

individual to individual so different people holds different attitude towards any object, event 

or person. Attitude is described as, ―The predisposition to act in a certain way in the 

different situations‖ (Bynner, Cashdam & Commins, 1972, p. 9). 

There is slight agreement over the definition of attitude (Ramsden, 1998), as these 

attitudes are complex and multidimensional (Germann, 1988), and very difficult to 

measure. In order to measure attitude, some of the complexities need to be explored and 

described to enhance our understanding because what is being measured is only the tip of 

the iceberg in relation to attitudes (Potter & Wetherell, 1987). 

Components of attitude. 

Attitude is comprised of the three components, i.e., affective, cognitive and 

behavioural (Brown & Davis, 1973). Attitudes are developed on the ABC model 

(affective, behavioural and cognitive). The affective component deals with the liking, 

disliking, interests, emotion and feelings. The behavioural component is a verbal 

reflection of the thinking of an individual. The cognitive component is the process that 
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deals with mental appraisal of any event (Baron & Byrne, 2004; Myers, 2004).  

It is important to note that cognitive and affective components of individual are 

often independent of each other (Millar & Tesser, 1986 & 1989). But interestingly, when 

once any attitude is developed, it has many functions as indicated by Lauer and Handel 

(1977) that attitude influences psychological process, and causes slowing down of certain 

behaviours including learning.  

These functions reflect that attitude is very complex in nature. Attitude also affects 

the behaviour of an individual. Attitude once formed are enduring and difficult to change 

(Ajzend & Fishbein, 1980). Consistency theories inform us that an attitude does not exist 

in a vacuum and that certain attitudes can have implications for other attitudes (Rajecki, 

1990). Since an attitude is accompanied by a tendency to act in a particular way in given 

circumstances, it is sometimes possible to infer the attitudes of an individual from his 

behaviour (Evans, 1965).  

Attitude has been measured in two ways: a) Ajzen and Fishbein recommend that 

attitude can be measured in terms of affective domain while the behavioural and cognitive 

components should be assessed separately; b) Krech, et al. are of the view that attitudes 

should be measured in term of affective, behavioural and cognitive components 

collectively (ABC model). Measurement of attitude shows gives its two aspects: positive 

or negative. So, if an individual has a positive attitude towards any subject, it may 

enhance learning (Beng, 2003). The importance of positive attitude is further increased if 

the subject is science because one of the objectives of science teaching is to a develop 

positive attitude towards science. 



38 

 

Attitude towards science and science learning. 

Science educators are agreed that the development of a positive attitude toward 

science should be an important aim of the curriculum at school level (Aiken & Aiken, 

1969; Koballa, 1988; Laforgia, 1988). Concerns about attitude towards science are not 

new (Osborn, Simon & Collins, 2007) and generating positive attitude towards science 

among students continues to be an important goal of science education (TIMMS, 1999). 

Gardner (1975b) defines attitude towards science as, ― Learned predisposition to evaluate 

in certain ways the objects, people, actions, situations or propositions involved in 

learning science‖ (p. 2). In fact there is still no clarity in the term of attitude towards 

science as discussed by Klopfer (1971). He was of the view that showing favourable 

attitude towards science and scientists, considering thought as scientific enquiry, 

enjoyment in science learning experiences, changing the attitude towards scientific 

reasoning, interest in science related activities and science careers are all treated as 

attitude towards science.  

Blalock, Lichtenstein, Owen, Pruski,, Marshall and Toepperwein (2008) carried 

out a comprehensive review of this area and categorized attitude towards science into 

four areas: a)  attitude towards science, b) scientific attitude, c) the nature of science, and 

d) scientific career interests.  

Students‘ attitude towards science at secondary and elementary schools were 

extensively studied by Gardner (1975); Frazer and Walberg (1981); Hadden and 

Johnstone (1983); Banu (1986); Kelly (1986); Myers and Fouts (1992); Ramsden (1998); 

Morrell and Lederman (1998); George (2000); and Nisimov (n.d.), either by quantitative 

or qualitative methods. These researchers provided revealing insights regarding attitude 
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towards science and most of them have reported positive attitude of students towards 

science (Osborne et al, 2003). The importance and role of attitude towards science can be 

recognized from these findings which show a positive relationship of attitude towards 

science and achievement, and students with more positive attitude towards science having 

sustainable learning and a desire to continue with those subjects they enjoy (Pell & Jarvis, 

2001).  

Gender, locality, grade, school type and attitude towards science learning. 

Social psychologists are always interested in gender differences. Attitude, as being 

a very important factor in social psychology, is also studied with reference to gender 

differences. When attitude towards science and science learning was studied from the 

perspective of gender, four major categories were found between male and female 

respondents, i.e., male has more favourable attitude towards science than female students, 

female students showed higher attitude towards science learning, male and female 

students do not differ significantly in their attitude towards science learning, and, on the 

same scale, male students have better attitude towards science learning on some factors 

and on other factors female students had better attitude towards science learning.  

Gardner (1975) documented gender as the most important single variable related 

to attitude to science. Smail and Kelly (1984) reported the remarkable differences in 

liking for different branches of science between male and female students at the end of 

elementary school. Simpson and Oliver (1990) found that males frequently better scores 

on the sub-scales that measures attitude towards science than female students, but still 

argues that both genders believe and perform same way regarding science as a subject. 

Similarly, Crawley and Coe (1990) also report in favour of males over female students 
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while comparing their attitude towards science learning. Finding, from a meta-analysis 

by Weinburgh‘s (1995), reveals that high performance females had a more positive 

attitude than male students of the same group.  

Houtz (1995) found no significant difference in attitude among male and female 

students.  Johanson (1997) reports differential item functioning between the genders in 

an attitude to science measure. In an Irish context, Francis and Greer (1999) found that 

while boys and girls did not differ in their opinion of the importance of science, boys had 

a more positive attitude to science in the school curriculum and to science as a career. In 

general, studies have reported that males have more a favourable attitude than females, 

but a minority of studies exist in which no difference was found between them. 

A small number of studies have reported on locality and grade of the respondents. 

Urban schools were marginally better in attitude than rural schools respondents (Zacharia 

& Barton, 2004). So school‘s locality does not seem to be a significant predictor of 

attitude towards science learning.  Ormerod and Duckworth (1975); Brown, (1976); 

Goodwin, Hardiman and Rees (1981); and Francis and Greer (1999) have reported that 

students‘ attitude towards science decreases with an increase in grade of individuals. 

Similarly, Hadden and Johnstone (1983) have also reported a decline in attitude towards 

science at the secondary school level. But Ye, Raymonds, Susan and Hanxia (1998) 

reported that attitude has no direct relationship with a change in grade.  

There are two types of schools in which 8
th

 grade students are enrolled in Pakistan, 

i.e., elementary schools and high schools. In elementary schools, students are enrolled 

from 1
st
 grade and they continue their studies till 8

th
 grade. On the other hand, high 

schools students‘ intake starts from 6
th

 grade and ends at 10
th

 grade. Both school types 
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differ in many aspects, such as, teachers‘ academic and professional qualification, 

physical facilities like science laboratories, and learning culture. This aspect of school 

type may provide some evidence regarding students‘ attitude towards science learning, 

but no evidence in Pakistani perspective was available in existing research literature.    

International and national studies on attitude towards science and science learning 

A large number of studies have been reported in the literature regarding attitude 

towards science learning. Studies completed so far in this area have considered the attitude 

towards science and science learning with age and grade (Hadden & Johnstone, 1983; 

Kelly, 1986; Ye,, et al, 1998), parental education (Mordi, 1991; Schwirian & Thomson, 

1972) and parental occupation (Atwater, Wiggins & Gardner, 1995), gender (Boone, 

1997; Greenfield, 1996; Parkinson, Hendley, Tanner & Stables, 1998; Schibeci & Riley, 

1986; Stable, 1990), socio-economic status and socio-culture (Fleming & Malone 1983; 

Ogunniyi, 1988; Okebukola & Jegede, 1990). 

Parkinson, et al. (2008) conducted a study on eight comprehensive schools students in 

two phases. At the first phase, 1,038 students completed a questionnaire and at the 2
nd

 phase, 

72 students (out of 1,038) were interviewed. The researchers concluded that practical work 

should be seen as an important aspect of science lessons, to help students understand the 

significance of science in their everyday lives, and investigation those strategies that can 

enhance the attitudes of students towards science and science learning. 

Ye,, et al. (1998) conducted a cross-sectional survey study from grade 7
th

 to grade 

12
th

 in China and America about the students‘ attitudes toward science learning. It was 

concluded that the attitude of students was influenced by different factors. American 

students consider science subjects easy but disliked it due to mathematical calculations, 
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whereas Chinese students are encouraged by school to study science and liked reading 

science books and news. Grade level and gender difference was not significantly 

different between students of the two nations, although male students showed a slightly 

higher attitude toward science than female students. 

Salta and Tzougraki (2004), Frances and Greer (1999), Barrington and Hendricks 

(1988), and George (2000) found no significant difference among male and female 

students‘ attitude towards science. Stable (1990) found no significant difference in 

science related attitudes between boys and girls educated in single sex schools. Socio-

cultural factors and attitude influence each other in science learning (Jegede & Fraser, 

1989), while Kahle and Lakes (1983) reported that social and cultural factors contribute 

to the differences found in science attitude by gender. 

The results of the above studies vary from each other sometimes slightly and 

sometimes greatly. The variations in the results of these studies indicate that changing the 

scenario of the research ultimately affects the results of the study.  It is worthwhile to 

note that while measuring attitude towards science and science learning, there is a need to 

consider the socio-economic and cultural perspectives of the sample. In fact, researchers 

are still not certain which factor(s) really influence students‘ attitude. One of the major 

reasons is that the samples of the research studies greatly differ from each other on the 

basis of demographic variables. 

Concluding Remarks 

 Students studying at any grade differ in their reasoning ability. The reasoning 

ability is directly associated with their cognitive developmental levels. The cognitive 

levels of students are usually measured by Piagetian reasoning tasks (PRTs). The 
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contents of science textbooks need some schemas to be comprehended by students. The 

levels of content of science textbooks are measured in terms of Piagetian developmental 

levels by applying curriculum analysis taxonomy (CAT). It can help us to identify the 

mismatch between students‘ reasoning ability and curricula demands. The contents above 

students‘ comprehension level can ultimately cause hindrance in their learning and leads 

to cramming and rote memorization.  This whole process may create negative attitude 

towards science learning as learning and attitude towards science are closely associated 

with each other.  
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Chapter 3 

Procedure of the Study 

 

 This research was aimed at analyzing the attitude towards science learning, the 

Piagetian developmental levels of 8
th

 and 9
th

 grade students, and the cognitive demand of 

the contents of 8
th

 grade General Science textbook. The research also explored the 

possible effect of a mismatch between Piagetian developmental levels of students and the 

cognitive demand of contents on attitude toward science learning. 

 The research follows these steps: 

Research Design 

It is claimed that if cognitive demands of the contents of science subjects are 

higher than student‘s existing cognitive level, it can hinder his/her performance in the 

subject.  To explore it, this study was broken into three major steps:- 

1. Analysing the contents of 8
th

 grade General Science textbooks in terms of Piagetian 

developmental levels by applying CAT (Curriculum Analysis Taxonomy). 

2. Determining the Piagetian developmental levels, and attitudes of students‘ towards 

science learning. 

3. Exploring the effect of the mismatch between existing Piagetian developmental 

levels of students and the cognitive demand of contents of General Science 

textbooks on attitude toward science learning of 8
th

 grade students. 

This research was causal-comparative, i.e., finding the effect of the independent 

variable on the dependant variable. The mismatch (between existing Piagetian 

developmental levels of students and cognitive demands of contents of General Science 
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textbooks at 8
th

 grade) was taken as the independent variable and student‘s attitudes 

toward science learning was taken as the dependent variable.  

Population. 

All male and female students of 8
th

 grade and science students of 9
th

 grade from 

elementary and high schools of the Punjab province.  

Sample. 

Multi stage sampling was used as follows: 

At the first stage, three districts out of 35 districts of the Punjab province were 

selected using convenience sampling. These districts were Okara, Sargodha and 

Rawalpindi. Then, lists of all the high schools (for 8
th

 grade and 9
th

 grade students) and 

all the elementary schools (for 8
th

 grade students) were obtained from the office of the 

respective Executive District Officers (Education) of the three districts.   

Schools were selected on the basis of convenience sampling, keeping in view the 

problems of data collection especially in female schools due to socio-cultural issues. It is 

difficult for male researchers to obtain access in female schools and teachers. The schools 

selected were those whose head teachers/ principals were willing to participate in the 

study. From these three districts, 37 schools were visited for collection of data (Annexure 

A). Every effort was made to ensure that the male schools and the female schools were of 

the same socio-economic status by selecting both gender schools within the same vicinity.  

Although this was easily possible in urban areas, it was not always possible in rural areas 

due to non-availability of secondary school teachers (science) either in male and/or 

female schools of same area, but it might not be a great threat in equal socio-economic 

status in rural areas because about the same socio-economic status exists among villages 



46 

 

usually.  The enrolment of male and female students in different elementary and high 

schools greatly varied, especially in rural schools and in some cases even in urban 

schools, so the number of students who participated in the research study varied from 

school to school. Data was collected from 1254 students of 8
th

 and 9
th

 grades in three 

districts. Later on, 21 students were excluded from the data analysis because of 

incomplete data provided by those students. Finally 1233 students‘ data was considered 

for further analysis. The details of schools and respondents of each district are as follows:  

Table 3.1  

Summary of the Selected Schools 

D
istrict 

G
en

d
er 

Government Schools 

T
o
tal S

ch
o
o
ls 

Urban Schools Rural Schools 

Elementary 

Schools 

High 

Schools 

Elementary 

Schools 

High 

Schools 

Okara 

Male 1   2  2  2 7 

Female 2   2  2  2 8 

Sargodha 

Male 2   2  2  2 8 

Female 2   2  1  1 6 

Rawalpindi 

Male 2   2  -----  ----- 4 

Female 2   2  -----  ------ 4 

Total Schools 11   12  7  7 37 

 

A total of 37 schools (15 schools from Okara district, 14 schools from Sargodha 

district and 8 schools from district Rawalpindi) were visited in three districts. No rural 

school of Rawalpindi district was visited to collect data. 
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The detail of the respondents is as follows, 

Table 3.2 

Overall Summary of the Sample 

D
istrict 

G
en

d
er 

Government Schools T
o
tal R

esp
o
n
d
en

ts 

Urban Schools Rural Schools 

Elementary 

Schools 

High 

Schools 

Elementary 

Schools 

High 

Schools 

Okara 

Male 30 -- 46 37 20 26 47 30 236 

Female 12 20 38 45 29 27 35 26 232 

Sargodha 

Male 19 30 57 48 24 18 48 35 279 

Female 30 30 48 54 19 -- 29 --- 210 

Rawalpindi 

Male 27 30 40 46 --- --- --- --- 143 

Female 30 11 53 39 --- --- --- --- 133 

Total Respondents 148 121 282 269 92 71 159 91 1233 

 

In district Okara, 468 students from 15 schools participated in the study. From the 

urban vicinity, 228 students of 8
th

 and 9
th

 grades from seven schools (two female high 

schools, two female elementary schools and two male high schools and one male 

elementary school) took part in data collection, whereas from the rural locality, 240 

students of 8
th

 and 9
th

 grades from eight schools (two female high schools, two female 

elementary schools and two male high schools and two male elementary schools) were 

included in the study. 

From district Sargodha, 489 students of 14 schools took part in the study.  The 

data was obtained from 316 students from eight urban schools (two female high schools, 
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two female elementary schools and two male high schools and two male elementary 

schools) of 8
th

 and 9
th

 grades students. There were 173 students of 8
th

 and 9
th

 grade from 

six schools (one female high school, one female elementary school and two male high 

schools, and two male elementary schools) from the rural locality in the sample of the 

study. 

In Rawalpindi district data collection was restricted to 276 students from eight 

urban locality schools (two male high schools and two male elementary schools; two 

female high schools and two female elementary schools). One hundred forty-three male 

and 133 female students completed the research instruments.  

Further details of the sample among three districts on the basis of gender, locale, 

grade and school types are presented here; 

Table 3.3  

Distribution of Subjects on the Basis of Gender, Locale, Grade and School Type Among 

Three Districts 

Districts 

Gender Locale Grade School type 

Male Female Rural Urban 8
th

 9
th

 Elementary High 

Okara  236 232 268 200 328 140 164 304 

Sargodha  279 210 179 310 330 159 170 319 

Rawalpindi  143 133 ---- 276 182 94 98 178 

Total  658 575 450 783 840 393 432 801 

 

 The distribution of respondents was 50.4% and 49.6% respectively for male and 

female from district Okara, whereas 57.1% male and 42.9% female respondents were 
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from district Sargodha. In district Rawalpindi, 51.8% respondents were male and 48.2% 

respondents were female. Overall, 53.3% male and 46.7% female respondents took part 

in the research study. 

 The distribution of the sample by locality wise reflects that 36.5% of respondents 

were from rural vicinity and 63.5% students were from an urban locality. From district 

Okara, 57.3% of respondents belonged to a rural area and 42.7% of respondents‘ 

belonged to an urban area. From district Sargodha out of 489 students, 36.6% of 

respondents were from a rural locality and 63.4% of respondents were from an urban 

locality. The data collection was restricted to only urban schools in district Rawalpindi so 

100% were from urban vicinity. 

 The grade basis distribution shows that 68.1% and 29.9% students were of 8
th

 and 

9
th

 grades respectively in this study. In district Okara 70.1% of respondents were from 8
th

 

grade and 29.9% of respondents were from 9
th

 grade. From district Sargodha, 67.5% of 

respondents were from 8
th

 grade and 32.5% were from 9
th

 grade, while from Rawalpindi 

district 65.9% of respondents were from 8
th

 grade and 34.1% of respondents were from 

9
th

 grade. 

 From district Okara, 35% of respondents were from elementary schools and 65% 

of respondents were from high schools (8
th

 and 9
th

 grades students) whereas from district 

Sargodha 34.8% of respondents was from elementary schools and 65.2% of respondents 

were from high schools. From district Rawalpindi, 35.5% of respondents were from 

elementary schools and 64.5% of respondents were from high schools. Overall, 35% of 

respondents were from elementary schools (8
th

 grade students) and 65% of respondents 

were from high schools (8
th

 and 9
th

 grades students). 
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The data was collected from all the students present in the class if the class size 

was either 30 or less than 30. In case the number of students exceeded 30, a random 

selection of 30 students was made on the basis of their class roll numbers. The remaining 

students in the class continued their routine class work, either with the same class teacher 

or the class incharge in a separate class room. It is important to note that due to non-

availability of proper room facilities and other physical constraints, less than 30 students 

were selected for data collection in some schools.   

Development of Research Instruments 

This research study focused on measuring Piagetian developmental levels and 

attitude towards science learning. For this purpose, two research instruments were used to 

collect data from the selected sample. Here are the further details of these research 

instruments.     

The pendulum task (Piagetian reasoning task III). 

Cognitive developmental levels were first explored by Inhelder and Piaget (1958). 

For their purpose, an interview method was used to collect qualitative data. They used 

different science oriented tasks. Students of different ages were asked probing questions 

during these tasks and, on the basis of students‘ responses; an age-stage model was 

developed. Since then, a variety of tests and tasks have been developed and repeatedly 

used by researchers across the world utilizing the age-stage model.  

Cepni, Ozsevgec and Cerrah (2004) developed a paper pencil test to measure 

Piagetian developmental levels of students at the elementary level. Similarly Bond 

(1995a) developed a paper pencil test named ―Bond‘s logical operational research‖ to 

measure students‘ Piagetian developmental levels. Kim, et al, (2004); Song, et al. (2005) 
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in South Korea used GALT (Group Assessment of Logical Thinking) to measure 

Piagetian developmental levels of students at different grades.  

Adey and Shayer, with a team of researchers, developed five science reasoning 

tasks for different age groups directly based on the Inhelder and Piaget work. These tasks 

were validated and the reliability of these tasks was also calculated to standardize these 

tasks. Three tasks, the Pendulum task, Spatial Relationship task and Volume and 

Heaviness task were administered on 14000 students in England. The Pendulum task 

measures cognitive levels from 2B (Mature Concrete) to 3B (Formal Generalization) 

level. Iqbal (1997) used the translated version of this task in Pakistan. This profound 

evidence of wider acceptance and the credibility of these tasks provide sufficient ground 

to justify their use in this research. 

a) It is based on basic work of Piaget and Inhelder. 

b) It is task oriented and quite different from a paper pencil test. 

c) It enables the researcher to explain every step of the task. 

d) It also enables respondents to communicate with the researcher regarding any 

query.  

e) It is the most suitable research instrument for the respondents of age group 12 

years and above. 

Keeping in view the above characteristics, the Pendulum task (Piagetian Reasoning 

Task III) was selected. Shayer was contacted for permission to use this task for the study 

in response to this, Denise Jins Burg (d.ginsburg@ukonline.co.uk) not only provided the 

soft copy of the science reasoning task along with its manual, but also kindly granted 

permission to use it for the study (Annexure B). This task was translated into Urdu 

http://mrd.mail.yahoo.com/compose?To=d.ginsburg%40ukonline.co.uk
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(National Language) and retranslated into English by another Ph.D. student with a 

master‘s degree in English. The English translated version and original task were 

compared to ensure that the original theme has been conveyed during the translation 

(Annexure C & D). More refinement in the task took place while conducting the pilot 

study of the task. 

  Attitude towards science learning scale (AtSL). 

Attitude is one of those constructs which has attracted the attention of researchers 

in the field education. There were different studies that attempted to measure attitude of 

students at different grade levels at schools, especially attitude toward science (Banu, 

1986; Frazer & Walberg, 1981; Gardner 1975; George, 2000; Hadden & Johnstone, 

1983; Kelly, 1986; Morrell & Lederman, 1998; Myers & Fouts, 1992; Nasir & Kono, 

2004; Nisimov (n.d.); Ramsden 1998). Weinburgh (2000) is of the view that from the last 

30 years, there is an increase in the trend to measure attitude toward science for many 

reasons. These researchers either used different self-developed research instruments or 

standardized research instruments to measure attitude toward science.  

Ye,, et al. (1998) developed an attitude scale of 25 statements. These statements 

were further classified into eight factors. Cronchbach alpha for the whole sample was 

0.87. Reiss (2004) used an observational technique to measure attitude toward science. 

Weinburgh (2000) used ATSI (attitude towards science inventory) of 48 items. George 

(2000), working on application of latent variable growth modelling, pointed out a 

questionnaire to collect data regarding students attitude toward science. TOSRA, (Test of 

Science Related Attitude) by Frazer (1981), was standardized and its translated version in 

the national language was used for a Pakistani perspective by Rana (2002). Similarly, 
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other research articles regarding attitude toward science by Nisimor (n.d.); Parkinson, et 

al. (1998); Iqbal, Nageen and Pell (2008); and Nasir & Kono (2004) were also thoroughly 

studied by the researcher. As a result, it was decided to develop an attitude towards 

science learning scale. Although these instruments were not adopted, review of the 

contents, format and scale were helpful in conceiving the shape of the attitude scale 

developed for the research. 

The socio-cultural aspects and nature of the sample as well as the nature of the 

study in Pakistani perspectives demand the development of an attitude scale in Urdu 

(National language). Using the guidance from the previously discussed attitude scales, a 

sample of 54 statements was developed; each statement had a six-point Likert choice for 

respondents, i.e., always, frequently, usually, often, sometimes, never.   

Curriculum analysis taxonomy. 

It was important to note that single General Science textbook in all government 

schools of Punjab province, prescribed by Punjab Textbook Board, was used as textbook 

at 8
th

 grade. The Curriculum Analysis Taxonomy (CAT) was used as the framework to 

breakdown the contents of General Science textbook of 8
th

 grade in terms of Piagetian 

developmental levels. Later on, these numbers of contents were used to measure the 

quantity of the mismatch of the contents (Annexure E). 
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Validation and Reliability of the Research Instruments 

 The researcher adapted the following measures for the purpose of validation and 

estimation of reliability of the both research instruments. 

 The pendulum task. 

There are different ways to validate and to estimate the reliability of a research 

instrument. 

  Face validity. 

As the Pendulum task was based and developed originally from Piaget and his co-

worker‘s interviews, this task has strong face validity.  

Reliability. 

Shayer and Adey (1983, p.37) reported the reliability of the task and other 

psychometric properties of the Pendulum task as; 

Table 3.4 

Psychometric Properties of the Pendulum Task  

Task Range No of items Internal  

consistency 

Test retest 

 correction 

The Pendulum task 2B- 3B 12 0.83 0.79 

 

The pendulum task was translated into Urdu (National language) and was 

administered to 70 students of 8
th

 and 9
th

 grades to ensure its smooth administration 

during the research. This task was practical in nature. The suggested time for completion 

was 45 minutes, but the average time of completion of the task by respondents was about 

1 hour and 05 minutes in this research study. Results of the pilot study were as follows; 

Table 3.5 
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Distribution of Students at Different Piagetian Developmental Levels (PDLs) 

Levels Frequency %age 

Below 2B 3 4.3 

2B 30 42.9 

2B
*
 32 45.7 

3A 5 7.1 

Total 70 100 

  

The results of the pilot study were discussed with one of the originators of the task 

who showed his satisfaction with regard to the conduct of the Pendulum task (personal 

communication, 2006). 

  Attitude toward science learning scale (AtSL) 

An attitude scale was developed to measure the attitude toward science learning of 

8
th

 and 9
th

 grades students.  The pilot study for the attitude scale was conducted on 464 

male and female students of nine schools from two Districts i.e. Lahore district (212 

students) and Sargodha district (252 students) of 8
th

 and 9
th

 grades.  

Table 3.6 

Loadings of the Statements on Different Factors (Factors-wise) 

Statement 

No. 
Statements† 

Factor* 

1 
Factor 2 Factor 3 Factor 4 

Factor 

5 

8 I complete the science 

homework before going to 

play. 

0.706 0.097 0.075 -0.025 -0.032 

6 I can focus the science lesson 

during the whole class. 

0.593 0.070 0.150 0.116 0.212 

12 While studying science class, I 

fully concentrate on the topic. 

0.524 0.317 0.124 0.209 0.050 
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Statement 

No. 
Statements† 

Factor* 

1 
Factor 2 Factor 3 Factor 4 

Factor 

5 

11 During science lectures, I 

comprehend important points. 

0.477 0.308 0.089 0.127 0.337 

3 I understand science lessons 

taught by the teacher in the 

class. 

0.454 0.113 0.043 0.372 0.266 

7 I revise the science lesson 

daily at home. 

0.389 0.339 -0.001 0.366 -0.062 

1 I follow a regular schedule to 

study science subject(s) at 

home. 

0.363 0.240 0.123 0.043 0.284 

13 I usually allocate most of the 

time to the subject of science 

as I like it more than other 

subjects. 

0.237 0.702 0.011 0.115 0.077 

24 I like science lessons. -0.016 0.632 0.288 0.140 0.228 

2 I like to learn science because 

it is an interesting subject. 

0.186 0.622 0.111 0.131 0.339 

9 I feel real pleasure in science 

class. 

0.385 0.546 0.194 0.092 0.110 

15 My desire to attain success in 

science subject, urges me for 

more hard work. 

0.186 0.545 -0.004 0.177 -0.230 

19 The lessons taught in science 

classes are not interesting. 

0.251 -0.060 0.668 0.096 0.005 

22 I don‘t find it interesting to 

discuss science topics after the 

school time. 

0.007 0.092 0.636 0.072 0.045 

16 Science lessons become a 

source of boredom for me. 

-0.019 0.294 0.616 -0.003 0.047 

23 I don‘t take interest to 

complete my home work of 

science subject(s). 

0.201 0.127 0.593 -0.012 -0.010 
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Statement 

No. 
Statements† 

Factor* 

1 
Factor 2 Factor 3 Factor 4 

Factor 

5 

20 I can‘t understand the science 

lessons, after the class. 

0.013 -0.097 0.566 0.452 0.000 

17 Any topic(s) that I can‘t 

understand during the science 

class, I consult the teacher. 

0.308 0.089 0.101 0.690 -0.048 

18 The important point that 

teacher explain during 

teaching, help me in learning. 

-0.038 0.183 0.124 0.662 0.202 

14 Whenever, I want to ask any 

thing about science subject, I 

immediately consult to the 

science teachers. 

0.412 0.222 -0.081 0.578 -0.032 

21 I prefer opting science subject 

in next classes. 

-0.110 0.339 0.318 0.467 0.139 

5 I can explain science lessons in 

my own words. 

0.280 -0.061 0.122 0.115 0.665 

10 I usually relate the previously 

learned lessons with new 

science lessons. 

0.233 0.158 -0.088 -0.078 0.660 

4 I like watching science film on 

television. 

-0.106 0.085 0.010 0.092 0.659 

N=464   50.01% variation of the total scale is explained                                               

Extraction Method: Principal Component Analysis.  Rotation converged in 8 iteration         

Rotation Method: Varimax with Kaiser Normalization. 

*Factors: F1= Keenness to Learn Science, F2= Enjoyment in Science Learning, F3= Disinterest, 

 F4= Teacher Interaction  

† English statements are here given for reference only; all psychometric properties are regarding the Urdu 

version of the attitude scale (AtSL)  
   

Table 3.6 shows that the factor 5 has three statements. It was decided to reconsider 

these three statements. Statement 5 (I can explain science lessons in my own words), and 

statement 10 (I usually relate the previously learned lessons with new science lessons) 

were included in the factor ―Keenness to Learn science (F1)‖ because, when these 

statements were added in this factor, it did not affect its Cronbach alpha (0.75), and it is 



58 

 

also evident from loadings of statements 5 and 10 that, after factor 5, both statements 

were loaded on the factor ―Keenness to Learn Science (F1)‖. Statement 4 (I like watching 

science films) was seen to be invalid within the Pakistani context because students in the 

Pakistani scenario were unlikely to experience many scientific films. This statement was 

finally excluded from the final analysis. The reliability of the factors and overall scale is 

shown in table 3.7. 

Table 3.7 

Factors Name with Example and Reliability 

Factor Name 
Focus 

 

Item 

number     

(as in the 

scale) 

Reliability Statements 

Keenness to 

Learn 

Science (F1) 

Self-focusing, 

content and class 

focusing, planning 

about science 

learning. 

 

1,3,6,7,8,11,

12, 5,10 

0.75 I can focus on science 

ideas throughout the 

entire period. 

 

Enjoyment in 

Science 

Learning 

(F2) 

Giving importance, 

liking and feeling 

pleasure 

 

2,9,13,15,24 0.74 I get really pleasure 

from science learning. 

 

Disinterest 

(F3) 

Boring and 

incompletion of 

homework, avoiding 

discussion. 

 

16, 19, 20, 

22, 23 

0.61 Science lessons are 

boring. 

 

Teacher 

Interaction 

(F4) 

Taking initiative in 

discussion and 

clarification with 

class teacher. 

 

14, 17, 18, 

21 

0.66 Whenever I need to 

know anything about 

science, I ask from my 

teacher. 

Overall Cronbach alpha of the scale 0.86  

N=464 
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The Cronbach‘s alpha of the attitude towards science learning scale was 0.86. 

That represents a very strong reliability of the research instrument (Hogan, 2003). 

Table 3.8 

Relationship among Factors of the Scale 

Factors 
No. of 

items 
Mean SD F1 F2 F3 F4 

Keenness to Learn 

Science (F1) 

9 42.55 7.31 -------- 0.58* 0.32* 0.48* 

Enjoyment in Science 

Learning (F2) 

5 24.69 5.02 -------- -------- 0.34* 0.49* 

†Disinterest (F3) 5 22.68 5.26 -------- -------- -------- 0.36* 

Teacher Interaction (F4) 4 19.89 4.28 -------- -------- -------- -------- 

††Total  23 109.61 17 0.93* 0.97* 0.96* 0.97* 

*P<0.01         N=464  † statements were reversed ††correlation of every factor with total scores was 

calculated by subtracting value of that factor  

 

Table 3.8 describes the correlation among factors, and factors with overall sum of 

attitude scale. The inter-factor relationships are less strong than each factor contribution 

to the total scale which showed that each factor contributes into the scale but still its 

independence is established because of weaker relationship with other factors. 

Further details of the statements of AtSL scale were as follows: 
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Table 3.9 

Details of Finally Selected Statements of AtSL Scale 

Statement 

No. 

Aspect of 

Attitude 

Scale 

Factor 

Correlate 

item 

With total 

correlation 

Nature of 

Statement 

 

1 Behaviour 1 0.426 Positive 

2 Affective 2 0.627 Positive 

3 Cognitive 1 0.512 Positive 

5 Cognitive 5 0.415 Positive 

6 Cognitive 1 0.526 Positive 

7 Behaviour 1 0.549 Positive 

8 Behaviour 1 0.442 Positive 

9 Affective 2 0.606 Positive 

10 Cognitive 5 0.387 Positive 

11 Cognitive 1 0.527 Positive 

12 Cognitive 1 0.532 Positive 

13 Behaviour 2 0.502 Positive 

14 Behaviour 4 0.546 Positive 

15 Affective 2 0.336 Positive 

16 Affective 3 0.332 Negative 

17 Behaviour 4 0.580 Positive 

18 Cognitive 4 0.533 Positive 

19 Affective 3 0.433 Negative 

20 Cognitive 3 0.338 Negative 

21 Affective 4 0.424 Positive 
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Statement 

No. 

Aspect of 

Attitude 

Scale 

Factor 

Correlate 

item 

With total 

correlation 

Nature of 

Statement 

 

22 Affective 3 0.316 Negative 

23 Affective 3 0.553 Negative 

24 Affective 2 0.592 Positive 

 

Finally, the attitude toward science learning scale (AtSL) was completed with 23 

statements (18 positive and 5 negative statements) selected (Annexure F & G). Each 

statement has five options, i.e., Always, Usually, Often, Rarely and Never instead of six 

point Likert scale. 

Data Collection 

The researcher personally visited 37 schools in three districts to ensure a high rate 

of return and to increase the reliability of the data collection. Higher authorities were 

requested; head teachers of schools were contacted to allow for collection of data from 8
th

 

and 9
th

 grades students. The data collection started in the last week of November, 2008 

and ended in mid January, 2009 (3 months). Data collection was not possible in a single 

continuous session due to holidays and exams during these months.   

In high schools, where available, data was collected in science laboratories. 

Students stood around the large science laboratory tables. In elementary schools, and in 

some high schools, where science laboratories were not available, data was collected in 

their respective classrooms. The students were explicitly told that these tasks had no 

effect on their results or any school evaluations. Details of the data collection procedure 

for each instrument are presented below; 
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Administration of attitude towards science learning scale 

After a brief introduction by the researcher, respondents were told the purpose of a 

research. It was explicitly conveyed to the respondents that this data collection would not 

have any effect on their school results or performance appraisal. It helped them to work 

in a congenial environment.  

The researcher distributed the attitude towards science learning scale to respondents. 

Everyone was requested to write his/her full name with father‘s and school‘s name. Later 

on, the first statement of the attitude scale, with its possible options, was explained to the 

respondents. It helped them to complete the remaining statements of the attitude scale. To 

minimize missing data, it was ensured that students filled in the background information 

clearly and completely.  

Administration of the pendulum task. 

After arranging the apparatus, respondents were requested to fill the demographic 

variables. This included respondent‘s name, father‘s name, school name, gender, and date 

of task administration. Then, different types of pendulums were explained to make this 

task familiar to respondents, i.e., short and long length, light and heavy weight, hard and 

soft push. It helped to create a cooperative and congenial classroom environment and 

every effort was made to develop a two way communication between the researcher and 

the respondents. It also helped to overcome their shyness. 

The whole task was administrated according to the instructions given in the manual 

provided with the Pendulum task and the researcher took great care that students 

followed the instructions (given in the manual) while performing the task. After the 

completion of both research instruments, the researcher personally thanked the 
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respondents, class in-charges, and head teachers of the schools. 
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Chapter 4 

Data Analysis 

In this chapter the results are discussed on the basis of the data analysis by applying 

SPSS 15. The data was collected from rural and urban schools of the districts Okara and 

Sargodha. From district Rawalpindi, only urban schools were included in the study.  Two 

research instruments, the Pendulum task and the attitude towards science learning scale 

(AtSL), were used in the study. The collected data was coded. Every student was assigned 

the same code on the Pendulum task and attitude towards science learning scale.  

To analyse the contents of the General Science textbook at 8
th

 grade, Curriculum 

Analysis Taxonomy (CAT) was used. The researcher, with the help of two Ph.D. scholars 

whose area of specialization was educational psychology and have more than 10 years of 

teaching experience at school level, analysed the content of the 8
th

 grade General Science 

textbook. The contents, keeping in view the corresponding learning outcomes, were 

analysed in terms of Piagetian developmental levels [Early Concrete (2A), Mid Concrete 

(2A/2B), Mature Concrete (2B), Early Formal (3A), and Mature Formal levels (3B)] by 

applying Curriculum Analysis Taxonomy (CAT). Later on, a cross validation of more 

than 30 topics out of 71 topics were done with Dr. Philip Adey, who is one of the 

originators of CAT, during a stay at King‘s College, London (Annexure H). Then, the 

percentage of topics at each cognitive level was calculated against the total number of 

topics in the General Science textbook of 8
th

 grade by using the formula;  

Percentage of topic at any Level= 
Total no of topics at that Level 

*100 
Total numbers of topics in General Science textbook 

e.g.; 

Percentage of topic at Early Formal Level= 
Total no of topics at Early Formal Level 

*100 
Total numbers of topics in General Science textbook 
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The 13 items of the Pendulum task were evaluated on the basis of the manual 

provided with the Pendulum task. A score of 1 for right and 0 for wrong answers was 

assigned to students responses on each item. Ultimately, the sum of right answers was 

calculated to find the total score of the respondents on the Pendulum task. To ensure the 

consistency random evaluation was also performed.  

The cognitive developmental levels of the respondents were assigned by using 

their scores on the Pendulum task. The criterion, which was used to assign the respective 

cognitive levels to the respondents, was indicated by the manual provided with the 

Pendulum task (Annexure I).  

Now, by comparing the cognitive developmental levels of each student and the 

cognitive demands of the contents of the General Science textbook, the percentage of 

those contents were calculated which were above the existing Piagetian developmental 

level of each respondent. This was considered as mismatch between the respondent‘s 

existing Piagetian developmental level and cognitive demand of the contents. 

Similarly, the possible responses on each statement of the attitude scale were 

assigned weight as Always 5, Usually 4, Often 3, Rarely 2 and Never 1. The negative 

statements (statement no. 16, 19, 20, 22, 23) were reverse coded after the entry of all data. 

The sum of all statements of each respondent shows his/her total score on the attitude 

towards science learning scale. The maximum possible score on the attitude scale would 

be 23 items x score 5= 115, and the minimum, 23x 1= 23. It means that a higher score on 

the scale reflected the more positive attitude toward science learning and vice versa. 

While it cannot be claimed that the attitude scores are parametric, as is common in the 
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treatment of attitude measures, we use a t test here as it is robust for mild deviations from 

parametricity.   

The analysis of data was further categorized into two major parts; 

a) Descriptive statistics. These analyses includes breakdown of topics of 8
th

 grade 

General Science textbook into Piagetian developmental levels by applying 

Curriculum Analysis Taxonomy (CAT), socio-economic status of the respondents, 

and the distribution of respondents at different Piagetian developmental levels 

(PDLs). 

b) Inferential statistics. This consists of t test and one-way ANOVA on the Pendulum 

task, attitude toward science learning scale, difference between students‘ reasoning 

ability levels and their attitude toward science learning, and analysis of the 

mismatch between curricula demand and students‘ Piagetian developmental levels 

(PDLs) on their attitude toward science learning. 



67 

 

Descriptive Statistics 

This section of the analysis was further divided into five parts; 

Socio-economic status of the respondents 

 Socio-economic status was measured in terms of parents‘ education, parents‘ job 

status and presence of different household articles of the respondents.  

Table 4.1  

Cross Tabulation between Respondents’ Parents Education 

 

Father‘s 

Education 

Mother‘s education 

Illiterate Primary Elemen

tary 

Matric FA/ 

F.Sc 

BA/ 

B.Sc 

M A/ 

M.Sc 

Not 

mentioned 

Total 

Illiterate 225 18 27 11 2 0 0 0 283 

Primary 48 45 10 6 1 0 0 0 110 

Elementary 129 43 55 13 3 2 0 0 245 

Matric 116 55 88 92 18 7 1 2 379 

FA/F Sc 26 14 17 34 14 8 1 0 114 

B A / B Sc 8 6 14 17 10 3 0 0 58 

M A / M.sc 7 5 7 8 3 5 1 0 36 

Other 0 1 1 1 0 0 0 0 3 

Not 

mentioned 

 

1 1 0 1 0 0 0 2 5 

Total  560 188 219 183 51 25 3 4 1233 

 

 Out of 1233 respondents, 283 respondents‘ fathers were illiterate and 560 

respondents‘ mothers were illiterate while for 225 respondents, both parents were 

illiterate. Fathers of 379 respondents were holding Matriculation certificates, while only 

97 respondents‘ father were holding either a Bachelor or above Bachelor degree. This 

condition was even worse with respondents‘ mother‘s education. Only 28 respondents‘ 

mothers were holding a Bachelor or above degree. Only one respondent had both parents 
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holding masters degrees. 

Table 4.2 

Cross Tabulation between Parent’s Occupations of the Respondents 

 

Father‘s 

Occupation 

Mother‘s Occupation  

Total House 

hold 

Private 

job 

Personal 

business 

Government 

servant 

Labour Others Did not 

mentioned 

Government 

servant 

299 5 2 23 2 0 0 331 

Agriculture 158 4 3 2 6 0 1 178 

Personal 

business 

325 0 6 5 0 0 3 339 

Private job 127 3 3 4 0 1 0 138 

Labour 203 3 3 1 4 0 0 214 

Others 25 2 0 0 0 0 0 27 

Did not 

mentioned 

8 0 1 0 1 0 0 10 

Total 1145 17 18 35 13 1 4 1233 

 

 Out of 1233 respondents, 331 respondents‘ fathers were government servants and 

339 respondents‘ fathers were running their personal business, while 178 respondents‘ 

fathers were attached to the agricultural sector and 214 were labour.  The 23 respondents‘ 

having both parents as government servants, and four respondents, both parents were 

labour. On the other hand, 1145 respondents‘ reported that their mothers were 

housewives. Thirty-five respondents‘ mothers were government servants, while 17 

respondents‘ mothers were engaged in private jobs. Mothers of 18 respondents were 

doing personal business and 13 respondents‘ mothers were labour. 
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Table 4.3 

Household Articles of the Respondents 

Television 

(%) 

Telephone 

(%) 

Mobile 

(%) 

Motorcycle 

(%) 

Car 

(%) 

Fridge 

(%) 

Tractor 

(%) 

Computer 

(%) 

82 33 88 38 12 64 6 20 

 

 Students‘ responses indicate that 82% of respondents have television at home, 

while 38% reported that they have motor bikes, and only 12% have a car at home. 

Twenty percent of respondents have a computer at home. A similar situation can be 

observed in the case of telephones, tractor (in villages) and fridge in the homes of the 

respondents. 
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Break down of curricula demands of the general science textbook at 8
th

 grade 

 By applying Curriculum Analysis Taxonomy (CAT) the breakdown of the topics 

of the 8
th

 grade General science textbook was as follows; 

Table 4.4 

Breakdown of the Contents in Terms of PDLs 

  

A
rea 

Early 

Concrete 

(2A) 

Mid 

Concrete 

(2A/B) 

Mature 

Concrete  

(2B) 

Early 

Formal 

(3A) 

Mature 

Formal 

(3B) 

T
o
tal 

Biology 3 2 11 4 0 20 

Chemistry 9 3 5 3 3 23 

Physics 2 1 4 7 1 15 

Earth and Space 12 0 1 0 0 13 

Total 26 6 21 14 4 71 

      

Table 4.4 reflects that from 71 total topics of the General Science textbook at 8
th

 

grade, 36.6% were at Early Concrete level, 8.4% were at mid Concrete level, 29.5% were 

at Mature Concrete level, 19.7% were at Early Formal level and 5.6% were at Mature 

Formal level.  Out of the 20 topics of Biology, 15% of the topics were at Early Concrete 

level, 10% were at Mid Concrete level, 55% were at Mature Concrete and 20% were at 

Early Formal level. 

Out of the 23 topics of chemistry, 39.13% of the topics were at Early Concrete 

level, 13.04% were at Mid Concrete level, 21.73% were at Mature Concrete level and 

13.04% were at Early Formal and Mature Formal levels separately. Out of the 15 topics 

of Physics, 13.33% topics were at Early Concrete level, 6.66% were at Mid Concrete 
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level, 26.66% were at Mature Concrete level, 46.66% were at Early Formal level and 

6.66% were at Mature Formal level. Out of the 13 topics of Earth and Space, 92.3% 

topics were at Early Concrete level and 7.69% were at Mature Concrete level. 

 
 

Figure 4.1: Breakdown of Piagetian Developmental Levels (PDLs) of the Contents 

 
Figure 4.2: Breakdown of PDLs of the Contents 
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Figure 4.3: Breakdown of PDLs of all the Contents 

 

Distribution of the respondents at different Piagetian developmental levels (PDLs). 

On the basis of scores obtained from students on the Pendulum task, they were 

assigned their respective Piagetian developmental levels. 

Table 4.5 

Distribution of Respondents at Different PDLs 

Respondents  Mid Concrete 

(2A/2B) 

Mature 

Concrete (2B) 

Concrete 

Generalization (2B*) 

Early Formal 

(3A) 

All 172 638 396 27 

8
th

 131 443 252 14 

9
th

 41 195 144 13 

 

Only 2.2% of respondents were at Early Formal level in three districts, whereas 

14% respondents were at Mid Concrete level. Similarly, 51.7% of respondents were at 

Mature Concrete level and 32.1% of respondents were at Concrete Generalization level.  

Similarly, 1.6% respondents of 8
th

 grade and 3.3% respondents of 9
th

 grade were at Early 
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Formal level. 14.65% and 10.5% of respondents were at Mid Concrete level, 51.7% and 

49.6% respondents were at Mature Concrete level, and 32.1% and 36.6% of respondents 

were at Concrete Generalization level of 8
th

 and 9
th

 grades respectively. 

 
Figure 4.4: Overall PDLs of the respondents 

 

 

Figure 4.5:  PDLs of 9
th

 grade respondents 
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Figure 4.6:  PDLs of 8
th

 grade respondents 
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Table 4.6 

Distribution of the Respondents at Different PDLs on District Basis  

Respondents Districts Mid 

Concrete 

(2A/2B) 

Mature 

Concrete 

(2B) 

Concrete 

Generalization 

(2B*) 

Early 

Formal 

(3A) 

All Okara 77 246 135 10 

 Sargodha 65 259 157 8 

 

Rawalpindi 30 133 104 9 

 

8
th

 Okara 62 178 83 5 

 Sargodha 43 178 105 4 

 

Rawalpindi 26 87 64 5 

 

9
th

 Okara 15 68 52 5 

 Sargodha 22 81 52 4 

 Rawalpindi 4 46 40 4 

 

 A majority of the students were at Mature Concrete level (52.6%, 53% & 48.1%) 

in districts Okara, Sargodha and Rawalpindi respectively. About one third of the 

respondents from each district were at Concrete Generalization level (Okara 38.8%, 

Sargodha 32.1% & Rawalpindi 37.7%). A very small fraction of the respondents of the 

three districts were at Early Formal level (Okara 2.1%, Sargodha 1.6% & Rawalpindi 

3.3%), while 16.5%, 13.3% and 10.9% respondents from districts Okara, Sargodha and 

Rawalpindi respectively had attained Mid Concrete level.  
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On the basis of grades, 8
th

 graders were mostly grouped at Mid Concrete and 

Mature Concrete levels (Okara 18.9% & 54.3%, Sargodha 13% & 53.9% & Rawalpindi 

14.3% & 47.8%) respectively. While the respondents of 9
th

 grade were more clustered at 

Concrete Generalization and Early formal levels (Okara 37.5% & 3.6% Sargodha 32.7% 

& 2.5% Rawalpindi 42.6% & 0.3%) respectively. In each district a majority of the sample 

was at Mature Concrete level. In districts Okara, Sargodha and Rawalpindi (52.6%, 53% 

& 48.2%) respondents were at Mature Concrete level respectively followed by 38.8%, 

37.7%, 32.1% of respondents of districts Okara, Rawalpindi and Sargodha respectively 

who were at Concrete Generalization level. Among the three districts, the distribution of 

respondents was 3.3%, 2.1% and 1.6% at Early Formal level in districts Rawalpindi, 

Okara and Sargodha respectively.  Similarly 16.5% of respondents of Okara district, the 

highest percentage of respondents among the three districts, were at Mid Concrete level 

followed by districts Sargodha and Rawalpindi (13.3% & 10.9%) respectively. 

 

 

Figure 4.7: PDLs on district basis  
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Figure 4.8: PDLs of 9
th

 grade respondents by district 
 

 
 

Figure 4.9: PDLs of 8
th

 grade respondents by district 
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Table 4.7 

Distribution of Gender at Different PDLs 

Respondents Gender Mid 

Concrete 

(2A/2B) 

Mature 

Concrete 

(2B) 

Concrete 

Generalization 

(2B*) 

Early 

Formal 

(3A) 

All  Male 109 358 176 15 

 Female  63 280 220 12 

8
th

  Male 80 242 100 8 

 Female  51 201 152 6 

9
th

  Male 29 116 76 7 

 Female  12 79 68 6 

 

 A large percentage of male and female respondents (54.4% & 48.7%) have 

attained the Mature Concrete level, followed by male and female respondents (26.7% & 

38.3%) who have attained Concrete Generalization level respectively. A small number of 

male (2.3% & 16.6%) and female students (2.1% & 11%) were clustered at Early Formal 

level and Mid Concrete level respectively. 

Further analysis, on the basis of 8
th

 and 9
th

 grades shows that in both grades more 

male respondents (56.3% & 50.9%) were at Mature Concrete level as compared to female 

respondents 49% & 47.9% respectively. There were more male and female respondents 

of 9
th

 grade (3.1% & 3.6%) than 8
th

 grade (1.9% & 1.5%) at Early Formal level 

respectively. Similar patterns of distribution of male and female respondents of 9
th

 grade 

(33.3% & 42.2%) were clustered at Concrete Generalization level as compared to 8
th

 

grade male and female respondents (23.2% & 37.1%) respectively. But, at Mid Concrete 
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level, the male and female respondents of 8
th

 grade (18.6% & 12.4%) were more 

clustered than male and female respondents (12.7% & 7.3%) of 9
th

 grade respectively. 

 
Figure 4.10: PDLs by gender 

 

 

 

Figure 4.11: PDLs by gender at 9
th

 grade 
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Figure 4.12: PDLs by gender at 8

th
 grade 
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Table 4.8 

Distribution of Male Respondents at Different PDLs   

Respondents  Districts Mid 

Concrete 

(2A/2B) 

Mature 

Concrete 

(2B) 

Concrete 

Generalization 

(2B*) 

Early 

Formal 

(3A) 

All Okara 42 129 57 8 

 Sargodha 46 155 75 3 

 Rawalpindi 21 74 44 4 

 

8
th

  Okara 29 89 29 4 

 Sargodha 33 103 47 1 

 Rawalpindi 18 50 24 3 

 

9
th

  Okara 13 40 28 4 

 Sargodha 13 52 28 2 

 Rawalpindi 3 24 20 1 

  

From three districts, 54.7% male of respondents in district Okara, 55.6% and 

51.7% of male respondents in district Sargodha and district Rawalpindi respectively were 

at Mature Concrete level. On the other hand, 30.8% male respondents in district 

Rawalpindi, 26.9% male respondents in district Sargodha, and 24.2% of respondents in 

district Okara were at Concrete Generalization level. The remaining 3.4% male 

respondents of district Okara were at Early Formal level, and similarly, 2.8% male 

respondents of district Rawalpindi and 1.1% male respondents of district Sargodha were 
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at Early Formal level. 

 

 

Figure 4.13: PDLs of all male respondents among districts 

 

 

 

 

Figure 4.14: PDLs of 9
th

 grade male respondents by district 
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Figure 4.15: PDLs of 8
th

 grade male respondents by district 
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Table 4.9 

Distribution of Female Respondents at Different PDLs  

Respondents Districts Mid 

Concrete 

(2A/2B) 

Mature 

Concrete 

(2B) 

Concrete 

Generalization 

(2B*) 

Early 

Formal 

(3A) 

All  Okara 35 117 78 2 

 Sargodha 19 104 82 5 

 Rawalpindi 9 59 60 5 

 

8
th

  Okara 33 89 54 1 

 Sargodha 10 75 58 3 

 Rawalpindi 8 37 40 2 

 

9
th

  Okara 2 28 24 1 

 Sargodha 9 29 24 2 

 Rawalpindi 1 22 20 3 

 

Out of three districts, 50.4% female respondents in district Okara, 49.5% female 

respondents in district Sargodha and 44.4% female respondents in district  

Rawalpindi was at Mature Concrete level. While 45.1% female respondents in district 

Rawalpindi, 39% female respondents of Sargodha district, and 33.8% female respondents 

in Okara district were at Concrete Generalization level, the remaining 3.8% female 

respondents of Rawalpindi district were at Early Formal level, followed by 2.7% female 

respondents of Sargodha district and 0.9% female respondents of Okara district.  
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Figure 4.16: PDLs of all female respondents among districts 

 

 
 

Figure 4.17: PDLs of 9
th

 grade female respondents by district 
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Figure 4.18: PDLs of 8
th

 grade female respondents by district 

Table 4.10 

Distribution of Respondents at Different PDLs on Locality Basis 

Respondents Locality  Mid 

Concrete 

(2A/2B) 

Mature 

Concrete 

(2B) 

Concrete 

Generalization 

(2B*) 

Early 

Formal 

(3A) 

All  Rural 80 248 116 6 

 Urban  92 390 280 21 

 

8
th

  Rural 61 179 76 4 

 Urban  70 264 176 10 

 

9
th

  Rural 19 69 40 2 

 Urban  22 126 104 11 

 

A majority of rural and urban students were found to have attained Mature 

Concrete level (55.1% & 49.8%) respectively, followed by Concrete Generalization 
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(25.8% & 35.8%), Mid Concrete (17.8% & 11.7%) and Early Formal levels (1.3% & 

2.7%) respectively.  

When data was further analyzed by grade level, some or more variations were 

recorded. For 8
th

 and 9
th

 grades, the rural students (55.9% & 53.1%) as well as urban 

students (50.8% & 47.9%) reached the Mature Concrete level respectively, while some 

8
th

 and 9
th

 grade urban students (33.8% & 39.5%) and rural students (23.8% & 30.8%) 

were at Concrete Generalization level. Similarly, some 8
th

 and 9
th

 grade students of urban 

locality (1.9% & 4.2%) and rural locality (1.2% & 1.5%) were at Early Formal level 

respectively. Urban students of 8
th

 and 9
th

 grades (13.5% & 8.4% respectively), and rural 

students of 8
th

 and 9
th

 grades (19.1% & 14.6%) have achieved Mid Concrete level. 

 

 
 

 

Figure 4.19: PDLs all respondents on locality basis 
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Figure 4.20: PDLs of 9
th

 grade respondents by locality 

 

Figure 4.21: PDLs of 8
th

 grade respondents by locality 
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Table 4.11 

Distribution of Rural Respondents at Different PDLs 

Respondents  Districts Mid 

Concrete 

(2A/2B) 

Mature 

Concrete 

(2B) 

Concrete 

Generalization 

(2B*) 

Early 

Formal 

(3A) 

All  Okara 62 145 58 3 

 Sargodha 18 101 57 3 

 Rawalpindi - - - - 

 

8
th

  Okara 49 108 38 2 

 Sargodha 12 70 38 2 

 Rawalpindi - - - - 

 

9
th

  Okara 13 37 20 1 

 Sargodha 6 31 19 1 

 Rawalpindi - - - - 

 

From two districts, 23.1% of rural respondents of Okara district and 10% of rural 

respondents of district Sargodha were at Mid Concrete level while 56.4% respondents of 

district Sargodha and 54.1% of respondents of district Okara of rural locality were at 

Mature Concrete level. On the other hand, 31.8% of respondents of district Sargodha and 

21.6% of respondents of district Okara were at Concrete Generalization level. Less than 

2% of rural respondents were at Early Formal level in both districts. 
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Figure 4.22: PDLs of rural respondents on district basis 

 

 

Figure 4.23: PDLs of 9
th

 grade rural respondents on district basis 
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Figure 4.24: PDLs of 8
th

 grade rural respondents on district basis 

Table 4.12 

Distribution of Urban Respondents at Different PDLs 

Respondents  Districts Mid 

Concrete 

(2A/2B) 

Mature 

Concrete 

(2B) 

Concrete 

Generalization 

(2B*) 

Early 

Formal 

(3A) 

All Okara 15 101 77 7 

 Sargodha 47 158 100 5 

 Rawalpindi 30 131 103 9 

8
th

 Okara 13 31 26 70 

 Sargodha 108 86 45 67 

 Rawalpindi 64 3 2 5 

9
th

 Okara 2 16 4 31 

 Sargodha 50 45 32 33 

 Rawalpindi 39 4 3 4 

 

Among urban respondents of the three districts, 50.5%, 51% and 48% of the 
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respondents of districts Okara, Sargodha and Rawalpindi were at Mature Concrete level 

respectively, while 38.5%, 32.3% and 37.7% of urban respondents of districts Okara, 

Sargodha and Rawalpindi were at Concrete Generalization level respectively. Only 3.5% 

respondents of district Okara, 3.3% respondents of district Rawalpindi and 1.6% 

respondents of district Sargodha of urban locality were at Early Formal level.  

An almost similar pattern of distribution at different Piagetian developmental 

levels of urban respondents of 8
th

 and 9
th

 grades among the three districts was recorded. 

From 8
th

 grade (53.4%, 51.9% & 47.5%) and from 9
th

 grade (44.9%, 49% & 48.9%) 

urban respondents in districts Okara, Sargodha and Rawalpindi the highest percentages 

were at Mature Concrete level respectively. On the other hand, at 8
th

 grade (34.4%, 

32.2%, & 35.4%) and at 9
th

 grade (46.4%, 32.4% & 42.4%) urban respondents of districts 

Okara, Sargodha and Rawalpindi were at Concrete Generalization level.  

 

 

Figure 4.25: PDLs of urban respondents on district basis 
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Figure 4.26: PDLs of urban respondents at 9
th

 grade on districts basis 

 

 

Figure 4.27: PDLs of urban respondents at 8
th

 grade on district basis 
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Inferential Statistical Analysis 

The inferential statistical analysis was further divided into four parts as follow: 

 Attitude toward science learning scale (AtSL). 

The analysis of the attitude towards science learning scale (AtSL) was based on 

gender, locality, grade and school type. To seek the answers of the formulated research 

questions of the study, hypotheses were statistically tested. 

Table 4.13 

Mean and SD of Attitude Scale Scores 

Respondents N Mean SD 

All 1233 94.71 11.23 

9
th

 393 96.58 11.57 

8
th

 840 93.83 10.96 

  

The 9
th

 grade respondents were higher in their mean score (96.58), while 8
th

 grade 

respondents have lower mean score (93.83) when compared with mean score (94.71) of 

all the respondents.  
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Gender difference on attitude towards science learning scale  

Table 4.14 

t test by gender of attitude scale scores 

Respondents Gender N Mean SD t p 

All 

Male 658 92.25 11.57 

-8.44*** 0.000 

Female 575 97.52 10.13 

9
th

 Grade 

Male 228 93.91 12.22 

-5.57*** 0.000 

Female 165 100.27 9.48 

8
th

 Grade  

Male 430 91.37 11.13 

-6.83*** 0.000 

Female 410 96.41 10.19 

    ***p<0.001 
 

The table 4.14 reflects that t value (-8.44) was significant at p<0.001 for all male 

and female respondents. It can be concluded that female students (M=97.52, SD=10.13) 

have a significantly higher attitude toward science learning than male respondents 

(M=92.25, SD=11.57). 

Similarly, for 9
th

 grade male and female respondents, t value (-5.57) was 

significant at p<0.001. It is evident that female respondents (M=100.27, SD= 9.48) have 

a higher attitude toward science learning than male respondents (M=93.91, SD=12.22) at 

9
th

 grade.  

While for 8
th

 grade male and female respondents, t value (-6.55) was significant at 

p<0.001, hence, it was clear now that female respondents (M=96.41, SD=10.19) have a 

higher attitude towards science learning than male respondents (M=91.37, SD=11.13).  
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Table 4.15 

t test by Gender of Attitude Scale Scores by District   

Respondents Districts Gender N Mean SD t p 

All Okara Male 236 94.61 10.57 

-3.08** 0.002 

Female 232 97.56 10.15 

Sargodha Male 279 91.98 11.62 

-6.40*** 0.000 

Female 210 98.33 9.76 

Rawalpindi 

 

Male 143 88.89 12.24 -5.25*** 

0.000 

Female 133 96.15 10.61 

-1.47 9
th

 Grade Okara Male 85 
97.20 9.70 

0.144 

Female 55 
99.84 11.33 

Sargodha Male 95 
93.31 12.41 

-4.5*** 0.000 

Female 64 
101.06 7.27 

Rawalpindi 

 

Male 48 
89.27 14.23 

-4.09*** 0.000 

Female 46 
99.67 9.90 

8
th

 Grade  Okara Male 151 
93.15 10.79 

-3.28** 0.001 

Female 177 
96.86 9.68 

Sargodha Male 184 
91.30 11.16 

-4.85*** 0.000 

Female 146 
97.14 10.47 

Rawalpindi 

 

Male 95 
88.69 11.18 

-3.46** 0.001 

Female 87 
94.29 10.55 

     ** p<0.01 *** p<0.001 

 

By applying t test on the mean scores of male and female respondents of three 
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districts separately, it was apparent that t values (-6.40 and -5.25) Sargodha and 

Rawalpindi districts respectively were significant at p<0.001. While t value (-3.08) for 

district Okara was significant at p<0.01, and hence, there exists a significant difference 

between mean scores of male and female respondents on attitude toward science learning 

scale. The female respondents (M=97.56, SD=10.15) have a significantly higher attitude 

toward science learning than male respondents (M=94.61, SD=10.57) in Okara district. 

Similarly, the female respondents (M=98.33, SD=9.76) have significantly a higher 

attitude toward science learning than male respondents (M=91.98, SD=11.62) in district 

Sargodha. In district Rawalpindi, the female respondents (M=96.15, SD=10.61) also have 

a significantly higher attitude toward science learning than male respondents (M=88.89, 

SD=12.24). 

For 9
th

 grades, t test on the mean scores of male and female respondents of three 

districts separately, it was apparent that t values (-4.5 & -4.09) were significant at 

p<0.001 for districts Sargodha and Rawalpindi respectively. The female respondents 

(M=99.84, SD=11.33) have a higher attitude toward science learning than male 

respondents (M=97.20, SD=9.70) of Okara district, and female respondents (M=101.06, 

SD=7.27) have a higher attitude towards science learning than male respondents 

(M=93.31, SD=12.41) of Sargodha district. Similarly, the female respondents (M=99.67, 

SD=9.90) have a higher attitude toward science learning than male respondents 

(M=89.27, SD=14.23) of Rawalpindi district. 

While for 8
th

 grade, t test on the mean scores of male and female respondents for 

three districts, the t value (-4.85) was not significant at p<0.001 for district Sargodha, 

whereas t values (-3.28 & -3.46) of districts Okara and Rawalpindi respectively were 
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significant at p<0.01. Female respondents (M= 96.86, SD=9.68) have a higher attitude 

toward science learning than male respondents (M= 93.15, SD=10.79) of district Okara. 

Similarly, female respondents (M= 97.14, SD=10.47) have a higher attitude toward 

science learning than male respondents (M= 91.30, SD=11.16) of district Sargodha while 

female respondents (M = -94.29, SD = 10.55) have a higher attitude towards science 

learning than male respondents (M=88.69, SD=11.18).  

Table 4.16 

One way ANOVA on attitude scale of all male respondents among district   

 Sum of Squares df Mean Square F p 

Between Groups 2946.15 2 1473.08 

11.34*** 0.000 Within Groups 85051.47 655 129.85 

Total 87997.63 657  

*** p<0.01 

 

 The F value (11.34) for male respondents of three districts was significant at 

p<0.001. It is clear now that attitude toward science learning of male respondents was 

significantly different among three districts. For in depth analysis Least Significant 

Difference (LSD) was used as post hoc test.  

Table 4.17 

Post hoc (LSD) Test 

District District Mean Difference p 

Okara 

Sargodha 
2.62** 0.009 

Rawalpindi 
5.71*** 0.000 

Sargodha Rawalpindi 3.09** 0.008 

     ** p<0.01 *** p<0.01 
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The mean difference (5.71) between respondents of Okara and Rawalpindi 

districts was significant at p<0.001, while the mean differences (2.62 & 3.09) between 

respondents of Okara and Sargodha districts, and respondents of Sargodha and 

Rawalpindi districts were significant at p<0.01. 

Table 4.18 

One way ANOVA on attitude scale of 9
th

 grade male respondents among districts 

  Sum of Squares df Mean Square F p 

Between Groups 
1987.84 2 993.92 

7.011** 0.001 
Within Groups 

31897.23 225 141.77 

Total 
33885.07 227  

    ** p<0.01 
 

The table shows that F value (7.011) is significant at p<0.01, hence, male 

respondents of 9
th

 grade were significantly different in their attitude toward science 

learning among three districts. For further details, Least Significant Difference (LSD) 

was used as a post hoc test. 

Table 4.19 

Post hoc (LSD) Test 

District  District Mean Difference p 

Okara Sargodha  
3.89* 0.029 

Rawalpindi 
7.92*** 0.000 

    *p<0.05   *** p<0.001 
 

The mean differences (3.89 & 7.92) between respondents of Okara and Sargodha 

districts, and respondents of Okara and Rawalpindi districts were significant at p<0.05 
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and p<0.001 respectively.  

Table 4.20 

One Way ANOVA on Attitude Scale of 8
th

 Grade Male Respondents among Districts 

 Sum of Squares df Mean Square F p 

Between Groups 1156.96 2 578.48 

4.75** 0.009 
Within Groups 51997.50 427 121.77 

Total 53154.47 429  

     **p<0.01  
 

The F value (4.75) for male respondents of three districts was significant at 

p<0.01. It is evident now that the attitude toward science learning of male respondents 

was significantly different among three districts. The Least Significant Difference (LSD) 

was used as post hoc test.  

Table 4.21 

Post hoc (LSD) Test 

District District Mean Difference p 

Okara Rawalpindi 4.45** 0.002 

      **p<0.01 

 

The mean difference (4.45) between male respondents of Okara and Rawalpindi 

districts was significant at p<0.01. 
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Table 4.22 

One Way ANOVA on Attitude Scale of all Female Respondents among Districts   

 Sum of Squares df Mean Square F p 

Between Groups 
388.87 2 194.43 

1.899 0.151 
Within Groups 

58562.69 572 102.38 

Total 
58951.56 574  

     p<0.05 

 

The F value (1.899) was not significant at p<0.05 which reflects that all female 

respondents of three districts were not significantly different in their attitude toward 

science learning. In other words, the attitude of female respondents toward science 

learning was about same among three districts. 

Table 4.23 

One Way ANOVA on Attitude Scale of 9
th

 Grade Female Respondents among Districts 

  Sum of Squares df Mean Square F p 

Between Groups 
66.88 2 33.44 

0.369 0.692 
Within Groups 

14677.39 162 90.60 

Total 
14744.27 164  

     p<0.05   

 

The F value (0.369) was not significant at p<0.05, so 9
th

 grade female 

respondents were not significantly different in their attitude toward science learning 

among three districts. 
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Table 4.24 

One Way ANOVA on Attitude Scale of 8
th

 Grade Female Respondents among Districts 

 Sum of Squares df Mean Square F p 

Between Groups 
504.79 2 252.40 

2.448 0.088 
Within Groups 

41954.55 407 103.08 

Total 
42459.34 409  

      p<0.05   

The table shows that F value (2.448) was not significant at p<0.05 and it can be 

concluded that 8
th

 grade female respondents were not significantly different in their 

attitude toward science learning among three districts. 

Locality difference on attitude towards science learning scale  

Table 4.25 

t test on Locality by Attitude Scale Scores 

Respondents  N Mean SD t p 

All 

Rural 450 
95.29 10.98 

1.374 0.170 

Urban 783 
94.37 11.37 

9
th

 Grade 

Rural 130 
96.47 11.89 

-0.130 0.896 

Urban 263 
96.63 11.43 

8
th

 Grade  

Rural 320 
94.81 10.56 

2.023* 0.043 

Urban 520 
93.23 11.18 

    *p<0.05 

 

 The above table shows that t value (1.374) was not significant at p<0.05 and it is 

clear that respondents of both localities did not differ significantly on their attitude 

toward science learning. 
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Similarly, for 9
th

 grade, t value (-0.342) was not significant at p<0.05 and hence, 

rural and urban respondents of 9
th

 grade did not differ significantly on their attitude 

toward science learning. 

While for 8
th

 grade, t value (2.023) was significant at p<0.05, hence, rural and 

urban respondents differ significantly in their attitude toward science learning.  

Table 4.26 

t test on Locality by Attitude Scale Scores by Districts 

 Districts Locality N Mean SD t p 

All Okara Rural 268 95.95 11.20 

-0.299 0.765 
Urban 200 96.24 9.40 

Sargodha Rural 179 94.26 10.68 

-0.673 0.501 
Urban 310 94.97 11.65 

9
th

Grade  Okara Rural 71 98.72 11.39 

0.555 0.580 

Urban 69 97.74 9.35 

Sargodha Rural 57 93.61 12.19 

-2.385* 0.018 
Urban 102 98.00 10.48 

8
th

 Grade  Okara Rural 197 94.95 10.98 

-0.429 0.668 

Urban 131 95.45 9.37 

Sargodha Rural 122 94.56 9.93 

0.837 0.403 

Urban 208 93.49 11.93 

     *p<0.05 
 

By applying t test on the mean scores of rural and urban respondents of two 

districts separately, it was apparent that t values (-0.299 & -0.673) for district Okara and 

district Sargodha was not significant at p<0.05, and hence, there exists no significant 
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difference between mean scores on attitude toward science learning of rural and urban 

respondents of both districts.  

For 9
th

 grade respondents, t test on the mean scores of rural and urban respondents, 

the t value (-2.385) was significant at p<0.05 for Sargodha district. Urban students 

(M=93.49, SD=11.93) have a higher attitude toward science learning than rural 

respondents (M=94.56, SD=9.93) of district Sargodha. 

By applying t test on the mean scores of rural and urban respondents of two 

districts separately, it was apparent that t values (-0.53& 0.57) were not significant at 

p<0.05, so there exists no significant difference between mean scores on attitude toward 

science learning scale of rural and urban respondents at 8
th

 grade in districts Okara and 

Sargodha.  

Table 4.27 

t test on Districts’ Rural Respondents by Attitude Scale Scores 

Respondents District N Mean SD t p 

All Okara 268 95.95 11.20 

1.593 
0.112 

Sargodha 179 94.26 10.68 

9
th

 Grade Okara 71 98.72 11.39 

2.441* 
0.016 

Sargodha 57 93.61 12.19 

8
th

 Grade Okara 197 94.95 10.98 

0.321 0.748 
Sargodha 122 94.56 9.93 

      *p<0.05 

 

The t test on the mean scores of all respondents of rural localities of districts 

Okara and Sargodha shows that t value (1.593) was not significant at p<0.05. Rural 

respondents of district Okara and district Sargodha were not significantly different on 
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their attitude toward science learning. 

While for 9
th

 grade, t test on the mean scores (98.72 & 93.61) of respondents of 

rural localities of Okara and Sargodha districts respectively show that t value (2.441) was 

significant at p<0.05.  

Similarly for 8
th

 grade, t test on the mean scores of respondents of rural areas of 

Okara and Sargodha districts, it was apparent that t value (0.321) was not significant at 

p<0.05, hence, there exists no significant difference between mean scores on attitude 

toward science learning scale of rural respondents of 8
th

 grade of both districts.  

Table 4.28 

One Way ANOVA on Attitude Scale of all Urban Respondents among Districts  

 Sum of Squares df Mean Square F p  

Between Groups 
1947.81 2 973.91 

7.659** 0.001 
Within Groups 

99181.55 780 127.16 

Total 
101129.36 782  

     **p<0.01 
 

The F value (7.659) for urban respondents of three districts was significant at 

p<0.01. It is evident now that the attitude toward science learning of urban respondents 

was significantly different among three districts. For further details, Least Significant 

Difference (LSD) was used as post hoc test. 
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Table 4.29 

Post hoc (LSD) Test 

District District Mean Difference p 

Okara Rawalpindi 
3.91*** 0.000 

Sargodha Rawalpindi 2.64** 0.005 

     **p<0.01      ***p<0.001 
 

  The mean differences (3.91 & 2.64) between respondents of Okara and 

Rawalpindi districts, and respondents of Sargodha and Rawalpindi districts were 

significant at p<0.001 and p<0.01 respectively. 

Table 4.30 

One Way ANOVA on Attitude Scale of 9
th

 Grade Urban Respondents among Districts 

  Sum of Squares df Mean Square F p 

Between Groups 783.27 2 391.63 

3.042* 0.049 
Within Groups 33469.96 260 128.73 

Total 34253.22 262  

          *p<0.05   
 

The F value (3.042) for urban respondents was significant at p<0.05 among three 

districts. It is clear now that attitude toward science learning of urban respondents of 9
th

 

grade was significantly different among three districts. For further details Least 

Significant Difference (LSD) was used as a post hoc test. 
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Table 4.31 

Post hoc (LSD) Test  

District District Mean Difference p 

Sargodha Rawalpindi 3.71* 0.023 

     *p<0.05    
 

The mean differences (3.71) between respondents of Sargodha and Rawalpindi 

districts were significant at p<0.05. 

Table 4.32 

One Way ANOVA on Attitude Scale of 8
th

 Grade Urban Respondents among Districts 

 Sum of Squares df Mean Square F p 

Between Groups 1308.02 2 654.01 

5.321** 0.005 
Within Groups 63550.83 517 122.92 

Total 64858.84 519  

       **p<0.01 
  

The F value (5.321) for 8
th

 grade urban respondents of three districts was 

significant at p<0.01. It is clear now that attitude toward science learning of urban 

respondents was significantly different among three districts. For further details, Least 

Significant Difference (LSD) was used as a post hoc test. 
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Table 4.33 

Post hoc (LSD) Test 

 District District Mean Difference p 

Okara Rawalpindi 4.11** 0.001 

    **p<0.01 
 

The mean difference (4.11) between urban respondents of Okara and Rawalpindi 

districts were significant at p<0.01.  

Grade difference on attitude towards science learning scale  

Table 4.34 

t test on Grade by Attitude Scale Scores 

Grade N Mean SD t p 

8
th

 840 93.83 10.97 

-4.024*** 0.000 

9
th

  393 96.58 11.57 

***p<0.001 

The table reflects that t value (-4.024) was significant at p<0.001. It can be 

concluded that 9
th

 grade respondents (M=96.58, SD=11.57) have higher attitude toward 

science learning than 8
th

 grade respondents (M=93.83, SD=10.97). 
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Table 4.35 

t test on Grade by Attitude Scale Scores by Districts   

Districts Grade N Mean SD t p 

Okara 

8
th

 328 95.15 10.36 

-2.948** 0.003 

9
th

 140 98.24 10.41 

Sargodha 

8
th

 330 93.88 11.23 

-2.345* 0.019 

9
th

 159 96.43 11.28 

Rawalpindi 

8
th

 182 91.37 11.21 

-1.970 0.05 

9
th

 94 94.36 13.31 

*p<0.05   **p<0.01 
 

By applying t test on the mean scores of 8
th

 and 9
th

 grades respondents of three 

districts separately, the t value (-2.948) was significant at p<0.01 for 8
th

 and 9
th

 grade 

respondents of district Okara. The 9
th

 grade respondents (M=98.24, SD=10.41) have 

higher attitude toward science learning than 8
th

 grade respondents (M=95.15, SD=10.36) 

of Okara district. 

 On the other hand, t values (-2.345) was significant at p<0.05 for 8
th

 and 9
th

 grade 

respondents of districts Sargodha. In district Sargodha, 9
th

 grade respondents (M=96.43, 

SD=11.28) reflected a higher attitude toward science learning than 8
th

 grade respondents 

(M=93.88, SD=11.23). 
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Table 4.36 

One Way ANOVA on Attitude Scale of 8
th

 Grade Respondents among Districts  

 Sum of Squares df Mean Square F p 

Between Groups 
1674.93 2 837.46 

7.061** 0.001 
Within Groups 99270.41 837 118.60 

Total 100945.33 839  

    **p<0.01 
 

The F value (7.061) for 8
th

 grade respondents of three districts was significant at 

p<0.01. It is clear now that attitude toward science learning of 8
th

 grade respondents were 

significantly different among three districts. For further details Least Significant 

Difference (LSD) was used as a post hoc test 

Table 4.37 

Post hoc (LSD) Test 

 District District Mean Difference p 

Okara Rawalpindi 3.78*** 0.000 

Sargodha Rawalpindi 2.51* 0.013 

    *p<0.05 ***p<0.001 

  

The mean differences (3.78 & 2.51) between respondents of Okara and 

Rawalpindi districts, and respondents of Sargodha and Rawalpindi districts were 

significant at p<0.001 and p<0.05 respectively. 
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Table 4.38 

One Way ANOVA on Attitude Scale of 9
th

 Grade Respondents among Districts  

 Sum of Squares df Mean Square F p 

Between Groups 850.04 2 425.02 

3.209* 0.041 
Within Groups 51649.84 390 132.44 

Total 52499.88 392  

     *p<0.05   

 

The F value (3.209) for 9th grade respondents of three districts was significant at 

p<0.05. For further details, Least Significant Difference (LSD) was used as a post hoc test. 

Table 4.39 

Post hoc (LSD) Test 

 District District Mean Difference p 

Okara Rawalpindi 3.874* 0.012 

    *p<0.05    

The mean difference (3.874) between respondents of Okara and Rawalpindi 

districts was significant at p<0.05. 
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School type difference on attitude towards science learning scale  

Table 4.40 

t test by School Type at Scores of Attitude Scale  

School Type  N Mean SD t p 

High 408 92.71 11.62 

-2.892** 0.004 

Elementary  432 94.89 10.22 

**p<0.01  

The above table reflects that t value (-2.892) was significant at p<0.01, hence, 8
th

 

grade respondents of high schools and elementary schools differ significantly in their 

attitude toward science learning. It can be concluded that elementary schools‘ 

respondents (M=94.89, SD=10.22) have a greater positive attitude toward science 

learning than high schools‘ respondents (M=92.71, SD=11.62).  

Table 4.41 

t test by School Type at Scores of Attitude Scale on Districts   

Districts  School type N Mean SD t p 

Okara High 164 95.07 10.67 

-0.133 0.89 

Elementary  164 95.23 10.06 

Sargodha High 160 92.71 12.21 

-1.842 0.066 

Elementary  170 94.98 10.13 

Rawalpindi  High 84 88.10 10.96 

-3.778*** 0.000 

Elementary  98 94.17 10.69 

     ***p<0.001 
 

The t-test on the mean scores of high school and elementary schools respondents 

at 8
th

 grade of three districts was applied separately. It was evident from data that t values 
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(-0.133& -1.842) were not significant at p<0.05 for districts Okara and Sargodha 

respectively. But the t value (-3.778) was significant at p<0.01 for district Rawalpindi. 

The elementary school respondents (M=94.17, SD=10.69) have a higher attitude toward 

science learning than high school respondents (M=88.10, SD=10.96). 

Table 4.42 

One Way ANOVA on Attitude Scale of 8
th

 Grade High Schools Respondents among 

Districts 

 Sum of Squares df Mean Square F p 

Between Groups 
2704.74 2 1352.37 

10.483*** 0.000 
Within Groups 52247.14 405 129.01 

Total 54951.87 407  

     ***p<0.001 
 

 The F value (10.483) for high school respondents of three districts was significant 

at p<0.001. It is evident now that the attitude toward science learning of high school 

respondents was significantly different among three districts. For further details, Least 

Significant Difference (LSD) was used as a post hoc test. 

Table 4.43 

Post hoc Test (LSD) 

District District Mean Difference p 

Okara Rawalpindi 6.97*** 0.000 

Sargodha Rawalpindi 4.61** 0.003 

**p<0.01  ***p<0.001 

The mean difference (6.97 & 4.61) between respondents of Okara and Rawalpindi 

districts, and respondents of Sargodha and Rawalpindi districts were significant at 
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p<0.001 and p<0.01respectively. 

Table 4.44 

One Way ANOVA on Attitude Scale of 8
th

 Grade Elementary Schools Respondents among 

Districts 

 Sum of Squares df Mean Square F p 

Between Groups 
70.24 2 35.12 

0.335 0.715 
Within Groups 44925.65 429 104.72 

Total 44995.89 431  

     p<0.05   

 

The F value (0.335) for 8
th

 grade elementary school respondents was not 

significant at p<0.05 among three districts.  
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Analysis of the Pendulum task  

In this section of results, the inferential analysis of the Pendulum task was focused 

on gender, locality, grade and school type variables 

Gender difference on the Pendulum task 

Table 4.45 

t test by Gender of the Pendulum Task Scores 

Respondents Gender N Mean SD t p 

All 

Male 658 5.38 0.79 

-4.15*** 0.000 

Female 575 5.57 0.76 

9
th

 Grade 

Male 228 5.53 0.77 

-2.29* 0.02 

Female 165 5.7 0.75 

8
th

 Grade  

Male 430 5.32 0.79 

-3.8*** 0.000 

Female 410 5.52 0.76 

     *p<0.05   ***p<0.001 

 

The above table shows that t value (-4.15) was significant at p<0.001 hence, 

female respondents (M=5.57, SD=0.76) performed better on the pendulum task than male 

respondents (M=5.38, SD=0.79).  

Similarly for 9
th

 grade respondents, t value (-2.29) was significant at p<0.05, 

hence, it can be concluded that female respondents (M=5.7, SD=0.75) performed better 

than male respondents (M=5.53, SD=0.77) on the Pendulum task at 9
th

 grade. 

While for 8
th

 grade respondents, t value (-3.8) was significant at p<0.001, hence, 

the female respondents (M=5.52, SD=0.76) performed better on the Pendulum task than 

male respondents (M=5.32, SD=0.76) at 8
th

 grade.  
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Table 4.46 

t test by Gender of the Pendulum Task Scores on Districts 

Respondents Districts Gender N Mean SD t p 

All Okara Male 236 5.35 0.81 

-1.52 0.12 

Female 232 5.46 0.78 

Sargodha Male 279 5.38 0.77 

-3.22 ** 0.001 

Female 210 5.60 0.75 

Rawalpindi Male 143 5.46 0.78 -2.71** 

0.007 

Female 133 5.71 0.72 

-1.7 9
th

 Grade Okara Male 85 5.53 0.83 

0.79 

Female 55 5.73 0.63 

Sargodha Male 95 5.48 0.77 

-0.65 0.515 

Female 84 5.56 0.86 

Rawalpindi Male 48 5.62 0.67 

-1.55 0.123 

Female 46 5.83 0.68 

8
th

 Grade  Okara Male 151 5.25 0.79 

-1.35 0.17 

Female 177 5.37 0.81 

Sargodha Male 184 5.33 0.77 

-3.5*** 0.000 

Female 146 5.62 0.69 

Rawalpindi Male 95 5.39 0.83 

-2.21 0.028 

Female 87 5.64 0.73 

     **p<0.01  ***p<0.001 
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The t test on the mean scores of male and female respondents of three districts 

was applied. The t values (-3.22 & -2.71) for districts Sargodha and Rawalpindi were 

significant at p<0.01. The female respondents (M=5.6, SD=0.75) scored higher on the 

Pendulum task than the male respondents (M=5.38, SD=0.78) in district Sargodha. The 

female respondents (M=5.71, SD=0.72) scored higher on the Pendulum task than the 

male respondents (M=5.46, SD=0.78) in district Rawalpindi. 

For 9
th

 grade respondents,  t test on the mean scores of male and female 

respondents of three districts separately was applied. It was apparent that t values (-1.7,   

-0.65 & -1.55) were not significant at p<0.05, and there exists no significant difference 

between mean scores of male and female respondents on the Pendulum task of three 

districts separately. 

By applying t-test on the mean scores of male and female respondents at 8
th

 grade 

of three districts separately, it was apparent that t value (-2.21) was significant at p<0.05 

for district Rawalpindi, and the female respondents (M=5.64, SD=0.73) performed better 

on the Pendulum task than male respondents (M=5.39, SD=0.83) of 8
th

 grade. The t value 

(-3.5) was significant at p<0.001 for district Sargodha, and the female respondents 

(M=5.62, SD=0.69) performed significantly better on the Pendulum task than male 

respondents (M=5.33, SD=0.77) of 8
th

 grade. 
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Table 4.47 

One Way ANOVA on all Male Respondents of the Pendulum Task Scores among Districts 

  Sum of Squares df Mean Square F p 

Between Groups 1.15 2 0.57 

0.914 0.401 Within Groups 410.01 655 0.63 

Total 411.16 657  

     p<0.05    

 

The table with F value (0.914) was not significant at p<0.05. This reflects that 

male respondents did not score significantly different on the Pendulum task among three 

districts. 

Table 4.48 

One Way ANOVA on 9
th

 Grade Male Respondents of the Pendulum Task Scores among 

Districts  

  Sum of Squares df Mean Square F p 

Between Groups 0.67 2 0.34 

0.57 0.569 Within Groups 133.46 225 0.59 

Total 134.13 227  

    p<0.05   

The table with F value (0.57) reflects that male respondents of 9
th

 grade were not 

significantly different on the Pendulum task among three districts. 
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Table 4.49 

One Way ANOVA of 8
th

 Grade Male Respondents at the Pendulum Task Scores among 

Districts  

  Sum of Squares df Mean Square F p 

Between Groups 1.08 2 0.54 

0.85 0.427 Within Groups 269.43 427 0.63 

Total 270.51 429  

      p<0.05   

 

The table with F value (0.85) was not significant at p<0.05, so male respondents 

at 8
th

 grade of three districts were not significantly different in their mean score on the 

Pendulum task.  

Table 4.50 

One Way ANOVA on all Female Respondents of the Pendulum Task Scores among 

Districts 

  Sum of Squares df Mean Square F p 

Between Groups 5.44 2 2.72 

4.731** 0.009 
Within Groups 328.57 572 0.574 

Total 334.01 574  

**p<0.01 

 

The F value (4.731) was significant at p<0 .01. Hence, the female respondents 

scored significantly differently in their scores on the Pendulum task among the three 

districts. For further details, Least Significant Difference (LSD) was used as a post hoc 

test. 
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Table 4.51 

Post hoc (LSD) Test  

District District Mean Difference p 

Okara Rawalpindi -0.25** 0.003 

     **p<0.01 

 

The mean difference (-0.25) between respondents of Okara and Rawalpindi 

districts was significant at p<0.01. 

Table 4.52 

One Way ANOVA on 9
th

 Grade Female Respondents of the Pendulum Task Scores among 

Districts  

 Sum of Squares df Mean Square F p 

Between Groups 2.284 2 1.14 

2.07 0.13 Within Groups 89.41 162 0.55 

Total 91.70 164  

    p<0.05    

 

The table shows that F value (2.07) was not significant at p<0.05 and hence, 

female respondents of 9
th

 grade were not significantly different in their mean scores on 

the Pendulum task among three districts. 
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Table 4.53 

One Way ANOVA of 8
th

 Grade Female Respondents at the Pendulum Task Scores among 

Districts  

 Sum of Squares df Mean Square F p 

Between Groups 6.68 2 3.34 

5.86** 0.003 Within Groups 231.70 407 0.57 

Total 238.37 409  

     **p<0.01 

 

The above table with F value (5.86) was significant at p<0.01 which reflects that 

female respondents of three districts were significantly different in their mean score on 

the Pendulum task. For in depth analysis, Least Significant Difference (LSD) was used as 

a post hoc test. 

Table 4.54 

Post hoc (LSD) Test 

District District Mean Difference p 

Okara Sargodha -0.25** 0.003 

 Rawalpindi -0.27** 0.006 

     **p<0.01 

 

The mean differences (-0.25 & -0.27) between female respondents of Okara and 

Sargodha districts, and female respondents of Okara and Rawalpindi districts were 

significant at p<0.01. 
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Locality difference on the Pendulum task 

Table 4.55 

t test by Locality of the Pendulum Task Scores 

Respondents  N Mean SD t p 

All 

Rural 450 5.35 0.79 

-4.44*** 0.000 

Urban 783 5.55 0.77 

9
th

 Grade 

Rural 130 5.48 0.78 

-2.18* 0.03 

Urban 263 5.66 0.75 

8
th

 Grade  

Rural 320 5.28 0.79 

-3.69 *** 0.000 

Urban 520 5.49 0.77 

    *p<0.05     ***p<0.001  

The table shows that t value (-4.44) was significant at p<0.001, and hence, it is 

evident that the urban respondents (M=5.55, SD=0.77) performed better on the Pendulum 

task than rural respondents (M=5.35, SD=0.79).  

For 9
th

 grade rural and urban respondents, t value (-2.18) was significant at 

p<0.05, and hence, it is evident that urban respondents (M=5.66, SD=0.75) of 9
th

 grade 

performed significantly better on the Pendulum task than rural respondents (M=5.48, 

SD=0.78) of 9
th

 grade. 

Similarly, for 8
th

 grade rural and urban respondents, t value (-3.69) was significant 

at p<0.001 and hence, it is clear that the urban respondents (M=5.49, SD=0.77) 

performed better on the Pendulum task than rural respondents (M=5.29, SD=0.79).  
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Table 4.56 

t test by Locality of the Pendulum Task Scores by Districts 

 Districts Locality N Mean SD t p 

All Okara Rural 268 5.22 0.81 

-5.98*** 0.000 

Urban 200 5.66 0.72 

Sargodha Rural 179 5.52 0.73 

0.89 0.371 

Urban 310 5.45 0.78 

9
th

Grade  Okara Rural 71 5.42 0.79 

-3.26** 0.001 

Urban 69 5.82 0.67 

Sargodha Rural 57 5.54 0.76 

0.37 0.709 

Urban 102 5.49 0.84 

8
th

 Grade  Okara Rural 197 5.15 0.8 

-4.71*** 0.000 

Urban 131 5.57 0.74 

Sargodha Rural 122 5.51 0.72 

0.85 0.398 

Urban 208 5.43 0.77 

    **p<0.01     ***p<0.001 

The t value (-5.98) was significant at p<0.001 for rural and urban respondents of 

Okara districts. The urban respondents (M=5.66, SD=0.72) performed significantly better 

on the Pendulum task than rural respondents (M=5.22, SD=0.81) of district Okara, While 

rural and urban respondents of district Sargodha showed no significant difference in their 

mean scores on the Pendulum task. 

Similarly, the t value (-3.26) was significant at p<0.01 for 9
th

 grade rural and 

urban respondents for district Okara only. It shows that the urban respondents (M=5.82, 

SD=0.67) performed significantly better on the Pendulum task than rural respondents 



124 

 

(M=5.42, SD=0.79) in district Okara.  

While for 8
th

 grade, t value (-4.71) was significant p<0.001 for urban and rural 

respondents of district Okara. It is apparent that the urban respondents (M=5.57, 

SD=0.74) performed better on the Pendulum task than rural respondents (M=5.15, 

SD=0.8) of district Okara. 

Table 4.57 

t test on Districts’ Rural Respondents at Pendulum Task Scores 

Respondents District N Mean SD t p 

All Okara 268 5.22 0.85 

-3.9*** 0.000 

Sargodha 179 5.52 0.73 

9
th

 Grade Okara 71 5.42 0.79 

-0.89 0.373 

Sargodha 57 5.54 0.75 

8
th

 Grade Okara 197 5.15 0.81 

-3.95*** 0.000 

Sargodha 122 5.5 0.72 

      ***p<0.001 
 

The t test on the mean scores of the attitude toward learning science of rural 

locality of Okara and Sargodha districts shows that the t value (-3.9) was significant at 

p<0.001. The Sargodha district‘s rural respondents (M=5.52, SD=0.73) scored higher on 

the Pendulum task than rural respondents of district Okara (M=5.22, SD=0.85). 

Similarly, t test (-0.89) was not significant at p<0.05 for rural respondents of 9
th

 

grade. Hence, there is no significant difference between mean scores of rural respondents 

between districts Okara and Sargodha on the Pendulum task. 

While for 8
th

 grade rural respondents, t value (-3.95) was significant at p<0.001 

on the mean scores of respondents of rural area of Okara and Sargodha districts. The 
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Sargodha district‘s rural respondents (M=5.5, SD=0.72) performed better on the 

Pendulum task than rural respondents of Okara district (M=5.15, SD=0.81). 

Table 4.58 

One Way ANOVA on the Pendulum Task of all Urban Respondents among Districts 

  Sum of Squares df Mean Square F p 

Between Groups 5.40 2 2.70 

4.609* 0.01 
Within Groups 456.90 780 .59 

Total 462.30 782  

     *p<0.05   

 

The F value (4.609) for urban respondents of three districts was significant at 

p<0.05, hence, urban students of three districts differ significantly on scores of the 

Pendulum task. For further details, Least Significant Difference (LSD) was used as a post 

hoc test. 

Table 4.59 

Post hoc (LSD) Test  

District District Mean Difference p 

Okara Sargodha  0.2** 0.004 

Sargodha  Rawalpindi -0.13* 0.04 

     *p<0.05   **p<0.01 
 

The mean difference (0.2) between respondents of Okara and Sargodha districts 

was significant at p<0.01, and the mean difference (-0.13) between respondents of Okara 

and Sargodha districts was significant at p<0.05. 
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Table 4.60 

One Way ANOVA on the Pendulum Task Scores of 9
th

 Grade Urban Respondents among 

Districts 

 Sum of Squares df Mean Square F p 

Between Groups 5.05 2 2.53 

4.58* 0.011 
Within Groups 143.49 260 0.55 

Total 148.54 262  

    *p<0.05 

The F value (4.58) for urban respondents of three districts was significant at 

p<0.05. For in depth analysis, Least Significant Difference (LSD) was used as post hoc 

test. 

Table 4.61 

Post hoc Test 

District District Mean Difference p 

Okara Sargodha 0.33** 0.005 

Sargodha   Rawalpindi -0.23* 0.03 

*p<0.05   **p<0.01 

 

The mean difference (0.33) between respondents of Okara and Sargodha districts 

was significant at p<0.01, whereas the mean difference (-0.23) between respondents of 

Sargodha and Rawalpindi districts was significant at p<0.05
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Table 4.62 

One Way ANOVA on the Pendulum Task Scores of 8
th

 Grade Urban Schools’ 

Respondents among District 

 Sum of Squares df Mean Square F p 

Between Groups 1.50 2 0.75 

1.262 0.284 Within Groups 307.50 517 0.60 

Total 309 519  

     p<0.05    

 

The F value (1.262) was not significant at p<0.05 and it is clear that the scores on 

the Pendulum task of urban respondents were not significantly different among three 

districts.  



128 

 

Grade difference on the Pendulum task 

Table 4.63 

t test by Grade 

Grade  N Mean SD t p 

8
th

  840 5.41 0.78 

-3.87*** 0.000 

9
th

  393 5.6 0.76 

     ***p<0.01 

The above table shows that t value (-3.87) was significant at p<0.001, hence, it is 

clear now that 9
th

 grade respondents (M=5.6, SD=0.76) performed better on the 

Pendulum task than 8
th

 grade respondents (M=5.41, SD=0.78).  

Table 4.64 

t test by Grade of the Pendulum Task Scores by Districts   

Districts  Grade  N Mean SD t p 

Okara 8
th

  328 5.32 0.80 

-3.73*** 0.000 

9
th

  140 5.62 0.76 

Sargodha 8
th

  330 5.46 0.75 

-0.66 0.58 

9
th

  159 5.51 0.81 

Rawalpindi  8
th

  182 5.51 0.79 

-2.25* 0.025 

9
th

  94 5.72 0.78 

     *p<0.05    ***p<0.001 

The t test value (-3.73) of 8
th

 and 9
th

 grade respondents of district Okara was 

significant at p<0.001, while the t value (-2.25) of 8
th

 and 9
th

 grade respondents of district 

Rawalpindi was significant at p<0.05. The 9
th

 grade respondents (M=5.62, SD=0.76) 

scored higher on the Pendulum task than the 8
th

 grade respondents (M=5.32, SD=0.8) of 
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Okara district, and the 9
th

 grade respondents (M=5.72, SD=0.78) performed better on the 

Pendulum task than the 8
th

 grade respondents (M=5.51, SD=0.79) of Rawalpindi district. 

Table 4.65 

One Way ANOVA on the Pendulum Task Scores of 8
th

 Respondents among Districts 

  Sum of Squares df Mean Square F p 

Between Groups 5.32 2 2.66 

4.35* 0.013 Within Groups 512.33 837 0.61 

Total 517.65 839  

     *p<0.05    

 

The table with F value (4.35) was significant at p<0.05 and reflects that 8
th

 grade 

respondents of three districts performed significantly differently on the Pendulum task. 

Table 4.66 

Post hoc (LSD) Test 

District District Mean Difference p 

Okara Sargodha -0.14* 0.02 

 Rawalpindi -0.19** 0.009 

    *p<0.05   **p<0.01 

 

The mean difference (-0.14) between respondents of Okara and Sargodha districts 

was significant at p<0.05, and the mean difference (-0.19) between respondents of Okara 

and Rawalpindi districts was significant at p<0.01.  
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Table 4.67 

One Way ANOVA of 9
th

 Grade Respondents on the Pendulum Task Scores among 

Districts 

  Sum of Squares df Mean Square F p 

Between Groups 2.84 2 1.42 

2.45 0.08 Within Groups 226.03 390 0.58 

Total 228.87 392  

    p<0.05   

 

The F value (2.45) for 9
th

 grade respondents of three districts was not significant 

at p<0.05 on the Pendulum task.  



131 

 

School type difference on the Pendulum task of 8
th

 grade respondents 

Table 4.68 

t test on School Type of the Pendulum Task Scores  

School Type  N Mean SD t p 

High  408 5.45 0.77 

1.16 0.25 

Elementary  432 5.39 0.80 

     p<0.05 
 

The table reflects that t value (1.16) was not significant at p<0.05 reflecting that 

the mean scores of high school and elementary school respondents of 8
th

 grade on the 

Pendulum task were not significantly different.  

Table 4.69 

t test on School Type of the Pendulum Task Scores on Districts   

Districts  School type N Mean SD t p 

Okara 

High 164 5.47 0.78 

3.33** 0.001 

Elementary  164 5.17 0.81 

Sargodha 

High 160 5.39 0.77 

-1.76 0.79 

Elementary  170 5.53 0.73 

Rawalpindi  

High 84 5.53 0.75 

0.39 0.69 

Elementary  98 5.49 0.84 

     *p<0.01 

 

By applying t test on the mean scores of high school and elementary school 

respondents of three districts separately, it was apparent now that t value (3.33) for 

district Okara was significant at p<0.01. The respondents of high schools (M=5.47, 

SD=0.78) performed better than the respondents of elementary schools (M=5.17, 
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SD=0.81). 

Table 4.70 

One Way ANOVA on the Pendulum Task Scores of 8
th

 Grade High School Respondents 

among Districts 

 Sum of Squares df Mean Square F p 

Between Groups 1.29 2 0.64 

1.09 0.33 Within Groups 238.10 405 0.59 

Total 240.28 407  

      p<0.05    

 

The F value (1.09) for high school respondents of three districts was not 

significant at p<0.05 and it is evident that high school respondents did not differ in their 

scores on the Pendulum tasks among three districts.  

Table 4.71 

One Way ANOVA on the Pendulum Task of 8
th

 Grade Elementary School Respondents 

among Districts  

 Sum of Squares df Mean Square F p 

Between Groups 12.03 2 6.01 

9.75*** 0.000 Within Groups 264.51 429 0.62 

Total 276.54 431  

     ***p<0.01 

 

The F value (9.75) for elementary school respondents at 8
th

 grade on the 

Pendulum task was significant at p<0.001. For in depth analysis, Least Significant 

Difference (LSD) was used as a post hoc. 
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Table 4.72 

Post hoc (LSD) Test 

District District Mean Difference p 

Okara Sargodha -0.36*** 0.000 

 Rawalpindi -0.31** 0.002 

    **p<0.01 ***p<0.001 

 

The mean differences (-0.36 & -0.31) between 8
th

 grade elementary schools 

respondents of Okara and Sargodha districts, and 8
th

 grade elementary schools 

respondents of Okara and Rawalpindi districts were significant at p<0.001.  
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Analysis of difference in attitude towards science learning of students at different 

piagetian developmental levels (PDLs) 

The scores of the respondents on the Pendulum task was changed into scale 

values as described by the manual provided with the task. On the basis of scale values, 

students were assigned their respective cognitive developmental levels. This section is 

further categorized on the basis of gender, locality, grade and school type. 

Difference on districts basis 

Table 4.73 

One Way ANOVA on Attitude Scale at Different PDLs among Districts 

 Sum of Squares df Mean Square F p 

Between Groups 
2875.24 3 958.41 

7.719*** 0.000 
Within Groups 152588.07 1229 124.16 

Total 155463.31 1232  

    ***p<0.01 
 

The table shows that F value (7.719) was significant at p<0.001, so it can be 

concluded that respondents at different Piagetian developmental levels have different 

attitudes toward science learning. For in-depth analysis, Least Significant Difference 

(LSD) was used as a post hoc test; 
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Table 4.74 

Post hoc (LSD) Test  

Cognitive level of students Cognitive level of students Mean Difference p 

Mid Concrete Mature Concrete -2.628** 0.006 

 Concrete Generalization -4.09*** 0.000 

 Early Formal -8.41*** 0.000 

Mature Concrete Early Formal -5.783** 0.008 

   **p<0.01 ***p<0.001 
 

The post hoc table shows that the mean difference (-2.628 and -5.783) between 

respondents at Mid Concrete and respondents at Mature Concrete levels, between 

respondents at Mature Concrete and Early Formal levels was significant at p<0.05. The 

mean difference (-4.09 and -8.51) between respondents at Mid Concrete and respondents 

at Concrete Generalization levels between respondents at Mid Concrete and Early Formal 

levels were significant at p<0.01.   

Table 4.75 

One Way ANOVA on Attitude Scale at Different PDLs of District Okara  

  Sum of Squares df Mean Square F p 

Between Groups 1836.28 3 612.09 

5.769** 0.001 
Within Groups 49227.25 464 106.09 

Total 51063.53 467  

    **p<0.01 

 

The table shows that F value (5.769) was significant at p<0.01 and it is evident 

now that respondents at different Piagetian developmental levels of district Okara have 

different attitudes toward science learning. For in-depth analysis, Least Significant 
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Difference (LSD) was used as a post hoc test;  

Table 4.76 

Post hoc (LSD) Test  

Cognitive level of students Cognitive levels of students Mean Difference p 

Mid Concrete  Mature Concrete -3.56** 0.008 

 Concrete Generalization -5.49*** 0.000 

 Early Formal -9.58** 0.006 

    **p<0.01   ***p<0.001 
 

The post hoc table shows that the mean difference (-3.56 and -9.58) between 

respondents at Mid Concrete and respondents at Mature Concrete levels; and respondents 

at Mid Concrete and Early Formal was significant at p<0.01 respectively. The mean 

difference (-5.49) between respondents at Mid Concrete and respondents at Concrete 

Generalization level was significant at p<0.001. 

Table 4.77 

One Way ANOVA on Attitude Scale at Different PDLs of District Sargodha  

 Sum of Squares df Mean Square F p 

Between Groups 1348.18 3 449.39 

3.577* 0.014 
Within Groups 60926.58 485 125.62 

Total 62274.77 488  

    *p<0.05   

 

The table reflects that F value (3.577) was significant at p<0.05, hence, it is 

obvious that respondents with different Piagetian developmental levels differ 

significantly in their attitudes toward science learning in district Sargodha. For in-depth 

analysis, Least Significant Difference (LSD) was used as a post hoc test; 
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Table 4.78 

Post hoc (LSD) Test  

Cognitive level of students  Cognitive level of students Mean Difference  p 

Mature Concrete Concrete Generalization -3.01** 0.009 

    **p<0.01  

The post hoc table shows that the mean difference (-3.01) between respondents at 

Mid Concrete and respondents at Concrete Generalization levels was significant at 

p<0.01. 

Table 4.79 

One Way ANOVA on Attitude Scale at Different PDLs of District Rawalpindi 

  Sum of Squares df Mean Square F p 

Between Groups 1246.44 3 415.48 

2.934*  0.034  
Within Groups 38521.08 272 141.62 

Total 39767.52 275  

    *p<0.05   

The table reflects that F value (2.934) was significant at p<0.05, hence, it is clear 

that respondents at different Piagetian developmental levels differ significantly in their 

attitudes toward science learning in district Rawalpindi. For in-depth analysis, Least 

Significant Difference (LSD) was used as a post hoc test. 
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Table 4.80 

Post hoc Test (LSD) 

Cognitive level of students Cognitive levels of students Mean Difference p 

Mid Concrete Mature Concrete -6.53* 0.01 

 Concrete Generalization -5.59* 0.02 

 Early Formal -10.20* 0.03 

     *p<0.05  
 

The post hoc table shows that the mean difference (-6.53) between respondents at 

Mid Concrete and respondents at Mature Concrete level was significant at p<0.05. 

Similarly, the mean difference (-5.59 and -10.20) between respondents at Mid Concrete 

and respondents at Concrete Generalization levels; between respondents at Mid Concrete 

and Early Formal levels were significant at p<0.05.  

.  

Difference on gender basis 

Table 4.81 

One Way ANOVA on Attitude Scale of all Male Respondents at Different PDLs  

 Sum of Squares df Mean Square F p 

Between Groups 
1295.69 3 431.90 

3.258* 0.021 
Within Groups 86701.94 654 132.57 

Total 87997.62 657  

     *p<0.05   
 

The F value (3.258) was significant at p<0.05. The table reflects that male 

respondents at different Piagetian developmental levels differ significantly on their 
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attitude toward science learning. For in-depth analysis, Least Significant Difference 

(LSD) was used as a post hoc test. 

Table 4.82 

Post hoc (LSD) Test  

Cognitive level of students Cognitive level of students Mean Difference p 

Mid Concrete Concrete Generalization -3.13* 0.026 

 Early Formal -8.01* 0.012 

Mature Concrete Early Formal -6.59* 0.03 

    *p<0.05   
 

The post hoc table shows that the mean difference (-3.13) between respondents at 

Mid Concrete and respondents at Concrete Generalization levels and the mean difference 

(-8.01) between respondents at Mid Concrete and Early Formal levels; and the mean 

difference (-6.59) between respondents at Mature Concrete and Early Formal level were 

significant at p<0.05. 

Table 4.83 

One Way ANOVA on Attitude Scale of 9
th

 Grade Male Respondents at Different PDLs  

  Sum of Squares df Mean Square F p 

Between Groups 439.84 3 146.61 

0.982  0.402  
Within Groups 33445.23 224 149.31 

Total 33885.07 227  

    p<0.05   

 

The table shows that F value (0.982) was not significant at p<0.05 hence male 

respondents at different Piagetian developmental levels did not differ significantly in 
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their attitude toward science learning at 9
th

 grade. 

Table 4.84 

One Way ANOVA on Attitude Scale of 8
th

 Grade Male Respondents at Different PDLs  

  Sum of Squares df Mean Square F p 

Between Groups 669.64 3 223.21 

1.812  0.144  
Within Groups 52484.83 426 123.20 

Total 53154.47 429  

   p<0.05    

 

The table shows that F value (1.812) was not significant at p<0.05, so male 

respondents of 8
th

 grade at different Piagetian developmental levels did not differ 

significantly in their attitude toward science learning. 

Table 4.85 

One Way ANOVA on Attitude Scale of all Female Respondents at Different PDLs 

 Sum of Squares df Mean Square F p 

Between Groups 1011.74 3 337.25 

3.324* 0.019 
Within Groups 57939.82 571 101.47 

Total 58951.56 574  

    *p<0.05   

 

The table reflects that F value (3.324) was significant at p<0.05 and that female 

respondent at different Piagetian developmental levels differ significantly in their 

attitudes toward science learning. For in-depth analysis, Least Significant Difference 

(LSD) was used as a post hoc test. 
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Table 4.86 

Post hoc Test (LSD) 

Cognitive level of students Cognitive level of students Mean Difference p 

Mid Concrete 

Mature Concrete -3.75* 0.04 

Concrete Generalization -3.74* 0.032 

Early Formal -8.38* 0.027 

    *p<0.05   

 

The post hoc table shows that the mean difference (-3.75) between respondents at 

Mid Concrete and respondents at Mature Concrete levels, the mean difference (-3.74) 

between respondents at Mid Concrete and respondents at Concrete Generalization levels, 

and the mean difference (-8.38) between respondents at Mid Concrete and Early Formal 

levels were significant at p<0.05.  

Table 4.87 

One Way ANOVA on Attitude Scale of 9
th

 Grade Female Respondents at Different PDLs 

 Sum of Squares df Mean Square F p 

Between Groups 
58.10 3 19.37 

0.212 0.888 
Within Groups 14686.17 161 91.22 

Total 14744.27 164  

    p<0.05    

The table shows that F value (0.212) was not significant at p<0.05, so female 

respondents at different Piagetian developmental levels did not differ significantly in 

their attitude toward science learning at 9
th

 grade. 
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Table 4.88 

One Way ANOVA on Attitude Scale of 8
th

 Grade Female Respondents at Different PDLs 

 Sum of Squares df Mean Square F p 

Between Groups 
806.49 3 268.83 

2.620 0.062 
Within Groups 41652.85 406 102.59 

Total 42459.34 409  

     p<0.05   

The table with F value (2.62) was not significant at p<0.05, therefore, the female 

respondents at different Piagetian developmental levels were not significantly different in 

their attitude toward science learning at 8
th

 grade. 

Difference on locality basis 

Table 4.89 

One Way ANOVA on Attitude Scale of all Rural Respondents at Different PDLs 

 Sum of Squares df Mean Square F p 

Between Groups 
1099.54 3 366.51 

3.084* 0.027 
Within Groups 52996.48 446 118.83 

Total 54096.02 449  

    *p<0.05   

 

The table F value (3.084) was significant at p<0.05, so it is evident that rural 

respondents with different Piagetian developmental were significantly different in their 

attitude towards science leaning. For in-depth analysis, Least Significant Difference 

(LSD) was used as a post hoc test. 
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Table 4.90 

Post hoc (LSD) Test  

Cognitive level of students Cognitive level of students Mean Difference p 

Mid Concrete Concrete Generalization -4.36** 0.006 

  **p<0.01 

 

The post hoc table shows that the mean difference (-4.36) between respondents at 

Mid Concrete and respondents at Concrete Generalization levels was significant at 

p<0.01. 

Table 4.91 

One Way ANOVA on Attitude Scale of 9
th

 Grade Rural Respondents at Different PDLs 

  Sum of Squares df Mean Square F p 

Between Groups 20.951 3 6.984 

0.048 0.986 Within Groups 18223.426 126 144.630 

Total 18244.377 129   

     p<0.05 

 

  

The table shows that F value (0.048) was not significant at p<0.05, hence, it can 

be concluded that the rural respondents of 9
th

 grade at different Piagetian developmental 

levels did not differ significantly in their attitude toward science learning. 
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Table 4.92 

One Way ANOVA on Attitude Scale of 8
th

 Grade Rural Respondents at Different PDLs 

 

Sum of 

Squares 

df 

Mean 

Square 

F p 

Between Groups 1449.082 3 483.027 

4.47 0.004 Within Groups 34146.905 316 108.060 

Total 35595.988 319  

    *p<0.01 

 

The table reflects that F value (4.47) was significant at p<0.01, so it is evident that 

rural respondents at different Piagetian developmental levels differ significantly in their 

attitude toward science learning. For in-depth analysis, Least Significant Difference 

(LSD) was used as a post hoc test.   

Table 4.93 

Post hoc Test (LSD)  

Cognitive level of students Cognitive level of students Mean Difference p 

Mid Concrete Concrete Generalization 
-5.86** 0.001 

 Early Formal  -11.32* 0.036 

Mature Concrete Concrete Generalization -3.01* 0.035 

*p<0.05   **p<0.01 

 The post hoc table shows that the mean difference (-5.86) between 8
th

 grade rural 

respondents at Mid Concrete and respondents at Concrete Generalization levels was 

significant at p<0.01. The mean differences (-11.32 & -3.01) between 8
th

 grade rural 

respondents at Mid Concrete and respondents at Early Formal levels; and between rural 
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respondents at Mature Concrete and respondents at Concrete Generalization levels was 

significant at p<0.05. 

Table 4.94 

One Way ANOVA on Attitude Scale of All Urban School Respondents at Different PDLs  

  Sum of Squares df Mean Square F p 

Between Groups 2119.99 3 706.66 

5.56* 0.001 
Within Groups 99009.37 779 127.10 

Total 101129.36 782  

     *p<0.05 

 

The table reflects that F value (5.56) was significant at p<0.01, so it is evident that 

urban respondents at different Piagetian developmental levels differ significantly on their 

attitude towards science learning. For in-depth analysis, Least Significant Difference 

(LSD) was used as a post hoc test. 

Table 4.95 

Post hoc Test (LSD) 

Cognitive level of students Cognitive level of students Mean Difference p 

Mid Concrete Mature Concrete -3.26* 0.013 

 Concrete Generalization -4.48** 0.001 

 Early Formal -9.29** 0.001 

Mature Concrete Early Formal -6.03* 0.017 

    *p<0.05   **p<0.01 
 

The post hoc table shows that the mean difference (-3.26 & -6.03) between 

respondents at Mid Concrete and respondents at Mature Concrete level; and respondents 

at Mature Concrete and Early Formal levels were significant at p<0.05 respectively. The 
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mean difference (-4.48 & -9.29) between respondents at Mid Concrete and respondents at 

Concrete Generalization levels and between respondents at Mid Concrete and Early 

Formal levels were significant at p<0.01 respectively.  

Table 4.96 

One Way ANOVA on Attitude Scale of 9
th

 Grade Urban Respondents at Different PDLs 

 Sum of Squares df Mean Square F p 

Between Groups 1128.77 3 376.26 

2.94* 0.034 
Within Groups 33124.46 259 127.89 

Total 34253.22 262  

    *p<0.05    
 

 The table shows that F value (2.94) was significant at p<0.05, so the 9
th

 grade 

urban respondents at different Piagetian developmental levels are significantly different 

in their attitude toward science learning. For in-depth analysis, Least Significant 

Difference (LSD) was used as a post hoc test.   

Table 4.97 

Post hoc (LSD) Test 

Cognitive level of students Cognitive level of students Mean Difference p 

Mid Concrete 

Mature Concrete -5.79* 0.027 

Concrete Generalization -6.89* 0.010 

Early Formal -10.77* 0.010 

    *p<0.05    

 

The post hoc table shows that the mean difference (-5.79) between respondents at 

Mid Concrete and respondents at Mature Concrete levels, and the mean difference          

(-10.77) between respondents at Mid Concrete and Early Formal level and the mean 
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difference (-6.89) between respondents at Mid Concrete and respondents at Concrete 

Generalization levels were significant at p<0.05. 

Table 4.98 

One Way ANOVA on Attitude Scale of 8
th

 Grade Urban Respondents at Different PDLs  

  Sum of Squares df Mean Square F p 

Between Groups 804.322 3 268.107 

2.160 0.092 Within Groups 64054.522 516 124.137 

Total 64858.844 519  

     p<0.05   

The table shows that F value (2.034) was not significant at p<0.05, hence, urban 

respondents at different Piagetian developmental levels at 8
th

 grade were not significantly 

different in their attitude toward science learning. 

Difference on Grade basis 

Table 4.99 

One Way ANOVA on Attitude Scale of 8
th

 Grade Respondents at Different PDLs  

 Sum of Squares df Mean Square F p 

Between Groups 1811.24 3 603.75 

5.091** 0.002 
Within Groups 99134.09 836 118.58 

Total 100945.33 839  

    *p<0.01 

 

The table shows that F value (5.091) was significant at p<0.01, thus, it can be 

concluded that 8
th

 grade respondents at different Piagetian developmental levels differ 

significantly on their attitude towards science learning. For in-depth analysis, Least 

Significant Difference (LSD) was used as a post hoc test; 
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Table 4.100 

Post hoc (LSD) Test  

Cognitive level of students Cognitive level of students Mean Difference p 

 Mature Concrete -2.35* 0.030 

Mid Concrete Concrete Generalization -3.83** 0.001 

 Early Formal -8.70** 0.005 

Mature Concrete Early Formal -6.48* 0.032 

    *p<0.05   **p<0.01 

The post hoc table shows that the mean difference (-2.35 & -6.48) between 

respondents at Mid Concrete and respondents at Mature Concrete level; and respondents 

at Mature Concrete and Early Formal levels were significant at p<0.05 respectively.  

Additionally, the mean difference (-3.83 & -2.35) between respondents at Mid Concrete 

and respondents at Concrete Generalization level; and respondents at Mid Concrete and 

Early Formal levels were significant at p<0.01.  

Table 4.101 

One Way ANOVA on Attitude of 9
th

 Grade Respondents at Different PDLs 

 Sum of Squares df Mean Square F p 

Between Groups 664.818 3 221.606 

1.663 0.174 Within Groups 51835.065 389 133.252 

Total 52499.883 392  

     p<0.05 

The table with F value (1.59) was not significant at p<0.05, so 9
th

 grade 

respondents at different Piagetian developmental levels did not differ in their attitude 

towards science learning. 
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Table 4.102 

One Way ANOVA on Attitude Scale of 8
th

 Grade High School Respondents at Different 

PDLs 

 Sum of Squares df Mean Square F p 

Between Groups 1681.56 3 560.52 

4.251** 0.006 
Within Groups 53270.31 404 131.86 

Total 54951.87 407  

**p<0.01 

 

The table reflects that F value (4.251) was significant at p<0.01, which reflects 

that 8
th

 grade high schools respondents at different Piagetian developmental levels differ 

significantly in their attitude toward science learning. For in-depth analysis, Least 

Significant Difference (LSD) was used as a post hoc test. 

Table 4.103 

Post hoc Test (LSD) 

Cognitive level of students Cognitive level of students Mean Difference p 

Mid Concrete Mature Concrete -4.22* 0.015 

 Concrete Generalization -4.92** 0.008 

 Early Formal -13.22** 0.002 

Mature Concrete Early Formal -9.00* 0.030 

   *p<0.05   **p<0.01 

 

The post hoc table shows that the mean difference (-4.22) between respondents at 

Mid Concrete and respondents at Mature Concrete levels, and the mean difference (-9) 

between respondents at Mature Concrete and Early Formal levels was significant at 

p<0.05. While, the mean difference (-4.92) between respondents at Mid Concrete and 
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respondents at Concrete Generalization levels and the mean difference (-13.22) between 

respondents at Mid Concrete and Early Formal levels was significant at p<0.01.  

Table 4.104 

One Way ANOVA on Attitude Scale of 8
th

 Grade Elementary School Respondents at 

Different PDLs 

 Sum of Squares df Mean Square F p 

Between Groups 665.84 3 221.95 

2.012 0.98 Within Groups 47223.49 428 110.34 

Total 47889.32 431  

      p<0.05  
 

The table reflects that F value (2.012) was not significant at p<0.05 and it can be 

concluded that the 8
th

 grade elementary schools respondents at different Piagetian 

developmental levels did not differ in their attitude toward science learning. 
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Mismatch between curricula cognitive demand and Piagetian developmental levels 

of students and Attitude towards science learning at 8
th

 Grade  

 Cognitive developmental levels of the respondents were determined by the 

Pendulum task, and distribution of contents of General Science textbook at 8
th

 grade at 

different Piagetian developmental levels were identified by applying CAT (Curriculum 

Analysis Taxonomy).Now the numbers of topics in the General Science textbook at 8
th

 

grade above respondents comprehension levels were calculated by applying the formula;  

 

Percentage of topic at any Level= 
Total no of topics at any Level 

*100 
Total numbers of topics in General Science textbook 

 

  The data obtained through this formula, grouped the respondents 8
th

 grade in three 

categories, i.e., respondents with 55% topics above their comprehension level, 

respondents with 26% topics above their comprehension level; and respondents with 6% 

topics above their comprehension level. 

One way ANOVA was used to elaborate the difference on mean scores of attitude 

towards science learning among students on different percentage of topics above their 

comprehension. 
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Difference in attitude with variation in comprehension of topics 

Table 4.105 

One Way ANOVA on Different Percentage of Topics above Comprehension of Students 

 Sum of Squares df Mean Square F p 

Between Groups 1463.366 2 731.683 

5.790 0.003 
Within Groups 105774.401 837 126.373 

Total 107237.767 839  

p<0.01 

Table indicates that F value (5.790) was significant at p<0.01, so respondents with 

different percentages of the topics above their comprehension levels differ significantly 

in their attitude towards science learning. It means that the students having different 

levels of topics above their comprehension level differ significantly in their attitude 

towards science learning. For in depth analysis, Least Significant Difference (LSD) was 

used as a post hoc test. 

Table 4.106 

Post hoc (LSD) Test  

Percentage of topics 

above comprehension level 

Percentage of topics 

above comprehension level Mean Difference  p 

55% topics 26% topics -2.33* 0.037 

 6% topics -4.04** 0.001 

    *p<0.05              **p<0.01 

 

The post hoc table shows that mean difference (-2.33) between students with 55% 

of topics above their comprehension level and students having 26% of topics above their 
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comprehension level was significant at p<0.05. Similarly mean difference (-4.04) 

between students with 55% of topics above their comprehension level and students 

having 6% of topics above their comprehension level was significant at p<0.01. 

Gender difference in attitude with variation in comprehension of topics 

Table 4.107 

One Way ANOVA on Different Percentage of Topics above Comprehension Level of Male 

Students 

 Sum of Squares df Mean Square F p 

Between Groups 384.60 2 192.30 

1.452 0.235 
Within Groups 56557.98 427 132.45 

Total 56942.57 429  

     p<0.05 

 

The table indicates that F value (1.452) was not significant at p<0.05, so male 

respondents with different percentages of topics above their comprehension levels were 

not significantly different in their attitude towards science learning.  

Table 4.108 

One Way ANOVA on Different Percentage of Topics above Comprehension of the Female 

Students 

 Sum of Squares df Mean Square F p 

Between Groups 637.79 2 318.89 

2.921 0.055 
Within Groups 44426.09 407 109.16 

Total 45063.88 409  

       p<0.05 
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The table indicates that F value (2.921) was not significant at p<0.05, so female 

respondents with different percentages of topics above their comprehension levels were 

not significantly different in their attitude towards science learning. 

Locality difference in attitude with variation in comprehension of topics  

Table 4.109 

One Way ANOVA on Percentage of Topics above Comprehension of Rural Students  

 Sum of Squares df Mean Square F p 

Between Groups 1369.02 2 684.51 

5.94** 0.003 Within Groups 36530.53 317 115.24 

Total 37899.55 319  

     *p<0.01 

The table shows that F value (5.94) was significant at p<0.01, so 8
th

 grade rural 

respondents with different percentages of topics above their comprehension levels differ 

significantly in their attitude towards science learning. For in depth analysis, Least 

Significant Difference (LSD) was used as a post hoc test; 

Table 4.110 

LSD Post hoc Test  

Percentage of topics 

above comprehension level 

Percentage of topics 

above comprehension level Mean Difference p 

6% topics  26% topics -3.31* 0.022 

 55% topics -6.22** 0.001 

      *p<0.05   **p<0.01 

The post hoc table shows that mean difference (-3.31) between students with 6% 

of topics above their comprehension level and students having 26% of topics above their 
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comprehension level was significant at p<0.05. Similarly mean difference (-6.22) 

between students with 6% of topics above their comprehension level and students having 

55% of topics above their comprehension level was significant at p<0.01. 

Table 4.111 

One Way ANOVA on Percentage of Topics above Comprehension of the Urban Students  

 Sum of Squares df Mean Square F p 

Between Groups 530.94 2 265.47 

2.01 0.136 Within Groups 68430.13 517 132.36 

Total 68961.07 519  

     p<0.01 

The table indicates that F value (2.01) was not significant at p<0.05, so 8
th

 grade 

urban respondents with different percentages of topics above their comprehension levels 

did not differ significantly in their attitude towards science learning.  
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Chapter 5 

Summary, Findings, Conclusions, Discussion & 

Recommendations 
 

Summary 

The research was designed to explore the patterns of attitude towards science 

learning and Piagetian developmental levels of students at 8
th

 and 9
th

 grades, and the 

cognitive demand of curricula of the 8
th

 grade General Science textbook.  

 All students of 8
th

 grade and 9
th

 grade science students of three districts (Okara, 

Sargodha and Rawalpindi) were the population of the study. The data was collected from 

1,233 students of 37 government schools. The schools were further categorized as male, 

female and rural, urban schools. 

 Attitude towards science learning was measured by a five point Likert scale 

developed in Urdu (National Language) while the existing Piagetian developmental 

levels were measured by administering the Pendulum task. The attitude towards science 

learning scale (AtSL) and the Pendulum task were personally administered by the 

researcher. 

 The mismatch between cognitive demands of the curricula of 8
th

 grade General 

Science textbook and existing Piagetian developmental levels of students at 8
th

 grade was 

calculated. Later, the effect of this mismatch (between cognitive demands of the curricula 

of 8
th

 grade General Science textbook and existing Piagetian developmental levels of 

students at 8
th

 grade) on attitude towards science learning was examined. The collected 

data was analyzed by applying SPSS 15 version. Along with mean score and standard 

deviation (SD), t-test and one way ANOVA were used to interpret the data accordingly.  
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The main findings of the study were: a majority of respondents‘ paternal 

qualifications and professions were low; the distribution of contents of the General 

Science textbook was not according to the age-stage model; and almost all respondents 

were at Concrete Operational level. The female students and 9
th

 grade students have a 

higher attitude towards science learning as compared to male and 8
th

 grade students. 

Major conclusions were: the sample of the study was from lower socio-economic status; 

the respondents with higher thinking ability have a better attitude towards science 

learning; and, there exists a mismatch between students‘ cognitive developmental levels 

and the curricula demand of the General Science textbook at 8
th

 grade. 

Findings 

In this section of the report, all the findings are categorized into two parts;           

a) descriptive analysis regarding the socio-economic status, breakdown of the curricula 

demand, distribution of the sample on the Piagetian developmental levels; and  

b) inferential analysis consisted of the pendulum task, attitude towards science learning 

scale, attitude of students at different Piagetian developmental levels, and effect of 

mismatch between curricula demands and students‘ reasoning ability on their attitude 

towards science learning. 

Socio-economic status of the students’ parents. 

1. A majority of respondents‘ fathers (283) and mothers (560) were illiterate, while 

in 225 cases both parents were illiterate. On the other hand, 379 respondents‘ 

fathers held a Matriculation certificate, while only 97 respondents‘ fathers‘ 

education was either B.A. or higher. This condition was worse on the mothers‘ 

side. Only 28 respondents‘ mothers held a degree of B.A. or higher; and only one 
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respondent‘s mother and father held a masters degree. (Table 4.1) 

2.  Out of 1,233 respondents, 1,145 respondents reported that their mothers were 

house hold women. A small number of mothers and fathers of the respondents (35 

& 331) were government servants respectively.  The fathers of 339 respondents‘ 

were running their personal business, 214 were labour and 178 were farmers in 

villages. A small number of respondents‘ mothers (17 & 18) were working on 

private jobs and doing personal business respectively. (Table 4.2) 

3. Respondents‘ responses indicate that 82% have television at home. Only 12% of 

respondents have car, 38% have a motor cycle, and 20% have a computer at home. 

Similar situations can be observed in the case of telephones, tractors (in villages) 

and fridges in homes of the respondents. (Table 4.3) 

CAT analysis of general science textbook at 8
th

 grade. 

Nearly all topics of Earth and Space Science (92.31%) demand Early Concrete 

level. A small portion of the Biology and Physic topics were at Early Concrete level, and 

about half of the Chemistry topics were at Concrete Operational level. More than 50% of 

Biology topics and less than 30% of Chemistry and Physics topics demand Mature 

Concrete level. About half of the topics of Physics (46.66%) were at Formal Operational 

level, while about 20% of topics of Biology and Chemistry demand Formal Operational 

level. It is also evident from results that the topics were not distributed evenly at different 

Piagetian developmental levels (PDLs). This irregular distribution of topics on different 

PDLs was found among the topics of the Biology, Chemistry, Physics, and Earth and 

Space separately. (Table 4.4) 
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Distribution of respondents at different Piagetian developmental levels (PDLs). 

 On the basis of the scores on the Pendulum task, students were assigned their 

respective Piagetian developmental levels. Here, findings regarding the Piagetian 

developmental levels of the respondents were discussed. 

1. A small portion of all respondents (2.2%) and 8
th

 and 9
th

 grade respondents (2% 

& 4%) were at Early Formal level. About half of the 8
th

 grade and 9
th

 grade 

respondents were at Mature Concrete level separately. The respondents (30% & 

36.6%) of 8
th

 and 9
th

 grade were at Concrete Generalization level respectively.  

Less than 16% of respondents of the whole sample and also from 8
th

 and 9
th

 

grades (13.9%, 15.6% &10.7%) were at Mid Concrete level. (Table 4.5) 

2. About half of the respondents of three districts Okara, Sargodha and Rawalpindi 

(52.6%, 53% & 48.2% respectively) have attained the Mature Concrete level. 

District-wise analysis of 8
th

 and 9
th

 grades respondents also shows the same 

pattern of distribution at Mature Concrete level, i.e., districts Okara (54.3% & 

48.6%), Sargodha (53.9% & 50.9%) and Rawalpindi (47.8% & 48.9%). Similarly, 

district-wise distribution of students at both grades reflect that more 9
th

 grade 

respondents (3.6%, 2.5% & 4.3%) were at Early Formal level as compared to 8
th

 

grade (1.5%, 1.2% and 2.7) and to all respondents (2.1, 1.6 & 3.3) among districts 

Okara, Sargodha and Rawalpindi.  

About one third of the respondents in districts Okara, Sargodha and 

Rawalpindi of 8
th

 (25.3%, 31.8% & 35.2%) and 9
th

 grade (37.5%, 32.7% & 

42.6%) have reached the Concrete Generational level respectively, while more 8
th

 

grade students (18.9%, 13% & 14.3%) were at Mid Concrete level as compared to 



160 

 

9
th

 grade respondents (10.7%, 13.8% & 4.3%) in districts Okara, Sargodha and 

Rawalpindi respectively. (Table 4.6) 

3. A greater percentage of male respondents (54.4%, 2.3%) were grouped at Mature 

Concrete and Early Formal levels as compared to female respondents (48.7% & 

2.1%) respectively. A similar pattern of distribution of male   (3.1% & 1.9%) and 

female (3.6% & 1.5%) respondents were at Early Formal level at 9
th

 and 8
th

 

grades respectively. The Female respondents of 9
th

 and 8
th

 grades (42.2% & 

37.1%) were more grouped at Concrete Generalization level as compared to male 

students (33.3% & 23.2%) respectively. Similarly all male (16.6%, 12.7% 

&18.6%) respondents as well as those from 9
th

 and 8
th

 grades separately were 

greater in number at Mid Concrete level as compared to female respondents (11%, 

7.3% & 12.4%) respectively (Table 4.7).  

4. A district-wise analysis reflects that a majority of the male and female 

respondents of three districts Okara, Sargodha and Rawalpindi (54.7%, 55.6% & 

51.7%) and (50.4%, 49.5% & 44.4%) respectively have attained the Mature 

Concrete level. A district-wise grade analysis also shows that male (58.9%, 56.9% 

& 52.6%) and female (50.3%, 51.4% & 42.5%) respondents of 8
th

 grade were at 

Mature Concrete level of districts Okara, Sargodha and Rawalpindi respectively. 

Similarly, 9
th

 grade male (47.1%, 54.7% & 50%) and female (50.9%, 45.3% & 

47.8%) respondents were at Mature Concrete level of three districts separately. 

On the other hand, the male (2.6%, 0.5% & 3.2%) and female (0.6%, 2.1% 

& 2.3%) respondents at 8
th

 grade were at Early Formal level in districts Okara, 

Sargodha and Rawalpindi, while, the male (4.7%, 2.1% & 2.1%) and female 
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(1.8%, 3.1% & 6.5%) respondents at 9
th

 grade were at Early Formal level of three 

districts respectively. 

About one third of the respondents in districts Okara, Sargodha and 

Rawalpindi of 8
th

 (25.3%, 31.8% & 35.2%) and 9
th

 grades (37.5%, 32.7% & 

42.6%) have reached the Concrete Generalization level respectively. The male 

and female students (3.4%, 1.1% & 2.8%) and (0.9%, 2.7% & 3.8%) of districts 

Okara, Sargodha and Rawalpindi were at Early Formal level respectively. (Tables 

4.8, 4.9) 

5. About half of the rural and urban students collectively (55.1% & 49.8%), and 

students of 8
th

 (55.9% & 50.8%) and 9
th

 grades (53.1% & 47.9%) separately, have 

attained the Mature Concrete level. About one third of all the urban students 

(35.8%) and urban 8
th

 and 9
th

 grade students (33.8% & 39.5%), as well as less 

than one third of all the rural students (25.8%) and rural 8
th

 and 9
th

 grade students 

(23.8% & 30.8%) separately were at Mature Concrete level.  

Urban students of both 8
th

 and 9
th

 grades were clustered at Concrete 

Generalization level (33.8% & 39.5%) and Early Formal level (1.9% & 4.2%), 

while rural students of both 8
th

 and 9
th

 grades were grouped at Mid Concrete level 

(19.1% & 14.6%) respectively. (Tables 4.10) 

6. The results showed that rural respondents were mostly grouped at Mid Concrete 

(23.1% & 10%) and Mature Concrete levels (54.1% & 56.4) of districts Okara 

and Sargodha, while urban students were clustered at Concrete Generalization 

(38.5%, 32.3% & 37.7% ) and Early Formal level (3.5%, 1.6% & 3.3%) for Okara, 

Sargodha and Rawalpindi districts. It is also evident from the results that about 
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the same pattern of distribution of Piagetian developmental levels were recorded 

between rural and urban respondents of three districts at 8
th

 and 9
th

 grades 

separately. (Tables 4.11, 4.12) 

Comparisons of mean scores of attitude towards science learning scale (AtSL) 

on the basis of gender, locality, grade and school type 

1. The mean score on attitude scale of all respondents was (94.71). This mean score 

was higher than the mean score (93.83) of 8
th

 grade but lower than the mean score 

(96.58) of 9
th

 grade students on attitude towards science learning. (Table 4.13) 

2. The mean score of all female respondents (97.52) was significantly higher than 

the mean score of all male respondents (92.25) on the attitude towards science 

learning scale having t value (-8.44) at p<0.001. Similarly female respondents‘ 

mean scores (100.26 & 96.41) were significantly higher in their attitude towards 

science learning than the male respondents‘ mean scores (93.90 & 91.37) with      

t values (-5.57 & -6.8, p<0.001) at 9
th

 and 8
th

 grades respectively. (Table 4.14)  

3. The mean score of female respondents (97.56, 98.33 & 96.15) was significantly 

higher than the mean score of male respondents (94.61, 91.98 & 88.89) on attitude 

towards science learning scale in districts Okara, Sargodha and Rawalpindi 

having t values (-3.08, p<0.01 &-6.4, -5.25, p<0.001).  

Further analysis of 9
th

 grade respondents at districts Sargodha and Rawalpindi 

shows that, again, mean score (101.06 & 99.67) of female respondents were 

significantly higher than mean scores (93.31 & 89.27) of male respondents having 

t values (-4.5 & -4.09) respectively at p<0.001.  

Female respondents at 8
th

 grade have higher mean scores (97.14) than 
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mean scores (91.30) for 8
th

 grade male respondents of districts Sargodha having t 

value (-4.85) significant at p<0.001. Similarly female respondents from districts 

Okara and Rawalpindi at 8
th

 grade have higher mean scores (96.86 & 94.29) than 

mean scores (93.15 & 88.69) for 8
th

 grade male respondents of districts Sargodha 

having t values (-3.28 & -3.46) significant at p<0.01. (Table 4.15) 

4. The attitude towards science learning of all male respondents (F=11.34, p<0.001) 

was significantly different among three districts. The mean difference (5.71) 

between male respondents of districts Okara and Rawalpindi was significantly 

different at p<0.001, whereas mean differences (2.62 & 3.09) between male 

respondents of Okara and Sargodha districts; and between male respondents of 

Sargodha and Rawalpindi districts were significant at p<0.01 respectively. 

(Tables 4.16, 4.17) 

5. Grade basis analysis of male respondents shows that male respondents (F=7.011, 

p<0.01) for 9
th

 grade were significantly different in their attitude towards science 

learning among three districts. The mean differences (3.89 & 7.92) between 

respondents of Okara and Sargodha districts and; between respondents of Okara 

and Rawalpindi districts was significant at p<0.05 and p<0.001respectively for 9
th

 

grade respondents. Similarly the male respondents (F= 4.75, p<0.01) for 8
th

 grade 

were significantly different in their attitude towards science learning among three 

districts. The mean difference (4.45) between respondents of Okara and 

Rawalpindi districts were significant at p<0.01. (Tables 4.18, 4.19, 4.20, 4.21) 

6. The female respondents‘ (F=1.89, p<0.05) were not significantly different in their 

attitude towards science learning among three districts, while female respondents 
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(F=0.369 & F=2.44, p<0.05) at 9
th

 and 8
th

 grades were not significantly different 

in their attitude towards science learning respectively. (Tables 4.22, 4.23, 4.24) 

7. Rural and urban respondents were not significantly different in their attitude 

towards science learning (t=1.374, p<0.05). When results were focused on the 

basis of grade, it was found that rural and urban respondents 9
th

 grade did not 

differ significantly on their attitude towards science learning having t value         

(-0.130) at p<0.05.while 8
th

 grade rural and urban respondents mean scores (94.81 

& 93.23) respectively differ significantly having t value (2.023) at p<0.05. (Table 

4.25) 

8. When data was further analysed on the basis of districts Okara and Sargodha 

separately, it was found that rural and urban respondents of these districts did not 

differ significantly in their attitude towards science learning (t=-0.299 & -0.673, 

p<0.05) respectively. For 9
th

 grade, mean score (98.0) of urban respondents was 

significantly different from mean score (93.61) of rural respondents of district 

Sargodha having t value (-2.385) at p<0.05. While for 8
th

 grade rural and urban 

respondents of district Sargodha and Okara were not significantly different in 

their attitude towards science learning having t values (-0.429 & 0.837, p<0.05). 

(Table 4.26) 

9. When mean scores of rural respondents of Okara and Sargodha districts were 

compared, the respondents were not significantly different (t=1.593, p<0.05) in 

their attitude towards science learning. While rural respondents mean scores 

(98.72 & 93.61) of Okara and Sargodha districts respectively of 9
th

 grade were 

significantly different with t value (2.441, p<0.05) in their attitude towards 
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science learning. Whereas for 8
th

 grade rural respondents mean scores (94.95 & 

94.56) of districts Okara and Sargodha districts were not significantly different in 

their attitude towards science learning having t value (0.321) at p<0.05. (Table 

4.27) 

10. The urban respondents (F=7.659, p< 0.01) were significantly different in their 

attitude towards science learning among three districts. The mean differences 

(3.91 & 2.64) between respondents of Okara and Rawalpindi districts and 

between respondents of Sargodha and Rawalpindi districts were significantly 

different at p<0.001 and p<0.05 respectively.  

The urban respondents of 9
th

 (F=3.042, p<0.05) grades were significantly 

different in their attitude towards science learning among three districts. The 

mean differences (3.71) between respondents of Sargodha and Rawalpindi 

districts for 9
th

 grade were significant at p<0.05. Similarly urban respondents of 

8
th

 grade (F=5.321, p<0.01) were significantly different in their attitude towards 

science learning among three districts. The mean difference (4.11) between 

respondents of Okara and Sargodha districts for 8
th

 grade were significant at 

p<0.01. (Tables 4.28, 4.29, 4.30, 4.31, 4.32, 4.33) 

11. The mean score (96.58) of 9
th

 respondents was significantly different than the 

mean score (93.83) of 8
th

 respondents having t value (-4.024) at p<0.001.It shows 

that 9
th

 grade respondents have higher attitude towards science learning as 

compared to 8
th

 grade respondents. (Table 4.34) 

12. The further analysis on a district basis reflects that for district Okara, the mean 

score (98.24) of 9
th

 respondents was significantly different than the mean score 
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(95.14) of 8
th

 respondents having t value (-2.948) at p<0.01. Similarly for district 

Sargodha, the mean score (96.43) of 9
th

 respondents was significantly different 

than the mean score (93.88) of 8
th

 respondents having t value (-2.345) at p<0.05. 

While for district Rawalpindi, the mean sores (94.36 & 91.37) of 9
th

 and 8
th

 

grades respondents were not significantly different having t value (-1.970) at 

p<0.05. (Table 4.35) 

13. The 8
th

 grade respondents (F=7.061, p<0.01) were significantly different in their 

attitude towards science leaning among three districts. The mean differences (3.78 

& 2.51) between respondents of Okara and Rawalpindi districts; and between 

respondents of Sargodha and Rawalpindi districts of 8
th

 grades were significant at 

p<0.001 and p<0.05 respectively. 

Similarly 9
th

 grade respondents (F=3.209, p<0.05) were significantly 

different in their attitude towards science learning among three districts. The 

mean difference (3.84) between respondents of Okara and Rawalpindi districts 

was significant at p<0.01. (Tables 4.36, 4.37, 4.38, 4.39) 

14. The mean scores (94.89 & 92.71)  of elementary schools respondents and high 

school respondents respectively at 8
th

 grade were significantly different in their 

attitude towards science learning having t value (-2.892) at p<0.01. (Table 4.40) 

15. When data was further analyzed on district basis, it was found that t values (-

0.333 & -1.842) between elementary and high schools respondents were not 

significantly different at p<0.05 for districts Okara and Sargodha respectively. 

The mean scores (94.17 & 88.10) of elementary schools respondents and high 

school respondents respectively at 8
th

 grade were significantly different in their 
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attitude towards science learning having t value (-3.779) at p<0.001. (Table 4.41) 

16. The high schools respondents at 8
th

 grade (F=10.483, p<0.001) were significantly 

different in their attitude towards science learning among three districts. The 

mean differences (6.97 & 4.61) between respondents of Okara and Rawalpindi 

districts, and between respondents of Sargodha and Rawalpindi districts were 

significant at p<0.001 and p<0.01.While the other hand the elementary schools 

respondents (F=0.335, p<0.05) at 8
th

 grade were not significantly different in their 

attitude towards science leaning among three districts. (Tables 4.42, 4.43, 4.44) 

Comparisons on mean scores of the Pendulum Task on the basis of gender, 

locality, grade and school type  

1. The mean score of female respondents (5.57) was significantly higher than the 

mean score of male respondents (5.38) on the Pendulum task having t value  

(-4.15, p<0.001). When further analysis was conducted on the basis of 8
th

 and 9
th

 

grades, it was observed that, again, the female respondents (5.52 & 5.7) scored 

higher on the pendulum task than male respondents (5.32 &5.53)  of 8
th

 and 9
th

 

grades with t values (-3.8, p<0.001 & -2.29 , p<0.05) respectively. (Table 4.45) 

2. Similarly results on the districts basis shows that the mean scores of female 

respondents (5.6 & 5.71) were significantly higher than the mean scores of male 

respondents (5.38 & 5.46) at the Pendulum task in districts Sargodha and 

Rawalpindi with t values (-3.22, -2.71) respectively. These mean differences were 

significant at p<0.01.  

The male and female students of 9
th

 grade respondents were not 

significantly different in their scores on the Pendulum task having t values (-1.7, -
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0.65 & -1.55, p<0.05) for districts Okara, Sargodha and Rawalpindi respectively. 

Results of the 8
th

 grade male and female respondents of three districts shows that 

female respondents (5.64 & 5.62) performed better on the Pendulum task than 

male students (5.39 & 5.33) having t value (-2.21, p<0.05 & -3.5,  p<0.001) for 

district Rawalpindi and district Sargodha respectively. (Table 4.46) 

3. All male respondents‘ (F=0.914, p<0.05) were not significantly different in their 

scores on the Pendulum task among three districts. Similarly the male respondents 

(F=0.57&0.85, p<0.05) of 9
th

 and 8
th

 grades respectively were not significantly 

different in their mean scores on the Pendulum task. (Table 4.47, 4.48,  4.49) 

4. All female respondents (F=4.731, p<0.01) were significantly different on the 

Pendulum task among three districts. The mean difference (-0.25) was 

significantly different at p<0.01 between female respondents of districts Okara 

and Rawalpindi. The female respondents (F=2.07, p<0.05) of 9
th

 grade were not 

significantly different on the Pendulum task. While female respondents (F=5.86, 

p<0.01) of 8
th

 grade were significantly different in their mean score on the 

Pendulum task among three districts. The mean differences (-0.25 & -0.27) 

between respondents of Okara and Sargodha districts and respondents of Okara 

and Rawalpindi districts were significant at p<0.01 respectively. (Tables 4.50, 

4.51, 4.52, 4.53, 4.54) 

5. The mean scores of urban and rural respondents (5.55 & 5.35) were significantly 

different on the Pendulum task with t value (-4.44) at p<0.001. Similarly 9
th

 grade 

urban respondents (5.66) performed significantly differently than rural 

respondents (5.48) with t value (-2.18, p<0.05). While 8
th

 grade urban respondents 
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(5.49) performed significantly differently than rural respondents (5.29) with t 

value (-3.69, p<0.001). (Table 4.55) 

6. The urban and rural respondents of districts Sargodha and Okara were compared 

separately; and it was found that only urban and rural respondents of District 

Okara were significantly different in their mean scores (5.66 & 5.22) respectively 

with t value (-5.98, p<0.001). The mean scores (5.82 & 5.42) for urban and rural 

respondents at 9
th

 grade for district Okara were significantly different with t value 

(-3.26, p<0.01). The same results for 8
th

 grade respondents of district Okara were 

recorded with mean scores (5.57 & 5.15) for urban and rural respondents were 

significantly different with t value (-3.26, p<0.001). (Table 4.56)  

7. When only rural locality students of Okara and Sargodha districts were compared, 

it was found that mean scores of rural respondents (5.52 & 5.22) of both districts 

respectively were significantly different with t value (-3.95) at p<0.001. While the 

mean scores (5.54 & 5.42) of rural respondents of Sargodha and Okara districts at 

9
th

 grade were not significantly different at the Pendulum task. Similarly, the 

mean scores of 8
th

 grade rural respondents (5.54 & 5.42) of Sargodha and Okara 

districts were significantly different with t value (-0.89) at p<0.001. (Table 4.57) 

8. All respondents of urban locality (F=4.609, p<0.05) differ significantly on the 

Pendulum task among three districts. The mean differences (0.2, -0.13) between 

urban respondents of districts Okara and Sargodha; and between urban 

respondents of districts Sargodha and Rawalpindi were significant at p<0.01 and 

p<0.05 respectively. 

Similarly 9
th

 grade urban respondents (F=4.58, p<0.05) differ significantly 
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on the Pendulum task among three districts. The mean differences (0.33, -0.23) 

between urban respondents of districts Okara and Sargodha; and between urban 

respondents of districts Sargodha and Rawalpindi were significant at p<0.01 and 

p<0.05 respectively. While urban respondents of 8
th

 grade (F=1.262, p<0.05) 

were not significantly different on the Pendulum task among three districts. 

(Tables 4.58, 4.59, 4.60, 4.61, 4.62) 

9. The 8
th

 and 9
th

 grade respondents (5.6 & 5.41) were significantly different in their 

mean scores at the Pendulum task with t value (-3.87) at p<0.001. (Table 4.63)  

10. The 9
th

 grade respondents (5.62 & 5.72) of districts Okara and Rawalpindi scored 

significantly higher on the pendulum task than 8
th

 grade respondents (5.32 & 

5.51) of both districts respectively with t values (-3.73, p<0.001 & -2.25, p<0.05). 

(Table 4.64)  

11. The 9
th

 grade respondents (F=2.45, p<0.05) were not significantly different in 

their mean scores on the Pendulum task among three districts, whereas the 8
th

 

grade respondents (F=4.35, p<0.05) of three districts were significantly different 

on the Pendulum task. The mean differences (-0.14 & -0.19) between respondents 

of Okara and Sargodha districts; and respondents of Okara and Rawalpindi 

districts at p<0.05 & p<0.01 respectively. (Tables 4.65, 4.66, 4.67) 

12. The respondents of 8
th

 grade were further analysed on the Pendulum task based on 

their school type. The respondents of 8
th

 grade of elementary and high schools 

were not significantly different on their score on the Pendulum task with t value 

(1.16) at p<0.05. (Table 4.68) 



171 

 

13.  Districts based analysis reflects that only in district Okara, 8
th

 grade respondents 

of high schools and elementary schools mean scores (5.47 & 5.17) respectively on 

the Pendulum task were significant with t value (3.33) at p<0.01. (Table 4.69) 

14. The 8
th

 grade high school respondents (F=1.09, p<0.05) were not significantly 

different on the Pendulum tasks among three districts While 8
th

 grade elementary 

school respondents (F=9.75, p<0.001) were significantly different on the 

Pendulum tasks among three districts.  The mean differences (-0.36 & -0.31) 

between respondents of Okara and Sargodha districts, and Okara and Rawalpindi 

districts were significant at p<0.001 and p<0.01. (Tables 4.70, 4.71, 4.72) 
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Analysis of difference in Attitude towards science learning of students at different 

Piagetian Developmental Levels (PDLs) 

1. The respondents at different Piagetian developmental levels were significantly 

different in their mean scores (F=7.719, p<0.001) on their attitude towards 

science learning scale. The mean differences (-2.62 &-5.84) between respondents 

at Mid Concrete (2A/2B) and respondents at Mature concrete (2B); between 

respondents at Mature Concrete (2B) and respondents at Early Formal (3B) 

respectively were significant at p<0.01. The mean differences (-4.09 & -8.41) 

between respondents at Mid Concrete (2A/2B) and respondents at Concrete 

Generalization (2B*); and respondents at Mid Concrete (2A/2B) and respondents 

at Early Formal (3A) was significant at p<0.001.  (Tables 4.73, 4.74) 

2. The mean scores of respondents at different Piagetian developmental levels of 

district Okara (F=5.769, p<0.01), district Sargodha (F=3.577, p<0.05) and district 

Rawalpindi (F=2.934, p<0.05) were significantly different on attitude towards 

science learning scale.  

The further analysis of three districts separately shows that in district 

Okara, the mean differences (-3.516 &9.58) between respondents at Mid Concrete 

(2A/2B) and respondents at Mature concrete (2B); and between respondents at 

Mid Concrete (2A/2B) and respondents at Early Formal (3A) was significant at 

p<0.05. While the mean difference (-5.488) between respondents at Mid Concrete 

(2A/2B) and respondents at Concrete Generalization (2B) was significant at 

p<0.001.  
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In district Sargodha the mean difference (-3.01) between respondents at 

Mature Concrete (2B) and respondents at Concrete Generalization (2B*) was 

significant at p<0.01. In district Rawalpindi, the mean difference (-6.53) between 

respondents at Mid Concrete (2A/2B) and respondents at Mature Concrete (2B) 

was significant at p<0.01. Similarly the mean differences (-5.59 & -10.2) between 

respondents at Mid Concrete (2A/2B) and respondents at Concrete Generalization 

(2B*), and between respondents at Mid Concrete and respondents at Early Formal 

were significant at p<0.05 respectively. (Tables (4.75, 4.76, 4.77, 4.78, 4.79 & 

4.80) 

3. The male respondents (F=3.258, p<0.05) at different Piagetian developmental 

levels were significantly different in their attitude towards science learning. The 

mean differences (-3.131, -8.08, & -6.59) between male respondents at Mid 

Concrete (2A/2B) and male respondents at Concrete Generalization (2B*), 

between male respondents at Mid Concrete (2A/2B) and male respondents at 

Early Formal (3A), and between male respondents at Mature Concrete (2B) and 

male respondents at Early Formal (2B*) were significant at p<0.05 respectively. 

The male respondents (F=0.982, p<0.05) of 9
th

 grade, and male 

respondents (F=1.812, p<0.05) of 8
th

 grade at different Piagetian developmental 

levels were not significantly different in their mean scores on attitude towards 

science learning scale. (Tables 4.81, 4.82, 4.83, 4.84)  

4. Similarly female respondents (F=3.324, p<0.05) at different Piagetian 

developmental levels were significantly different in their attitude towards science 

learning. Similarly, the mean differences of female respondents (-3.75, -3.74 & -
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8.38) between female respondents at Mid Concrete (2A/2B) and female 

respondents at Mature concrete (2B), between female respondents at Mid 

Concrete (2A/2B) and female respondents at Concrete Generalization (2B*), and 

between female respondents at Mid Concrete (2A/2B) and female respondents at 

Early Formal (3A) were significant at p<0.05.  

The female respondents (F=0.212, p<0.05) of 9
th

 grade, and female 

respondents (F=2.62, p<0.05) of 8
th

 grade at different Piagetian developmental 

levels were not significantly different in their mean scores on attitude towards 

science learning scale. (Tables 4.85, 4.86, 4.87, 4.88) 

5. The rural respondents (F=3.084, p<0.05) at different Piagetian developmental 

levels were significantly different in their mean scores on attitude towards science 

learning scale. The mean difference (-4.36) between rural respondents at Mid 

Concrete (2A/2B) and rural respondents at Concrete Generalization (2B) was 

significant at p <0.01.  

The rural respondents of 9
th

 grades (F=0.048, p<0.05) at different 

Piagetian developmental levels were not significantly different in their mean 

scores on attitude towards science learning scale. While 8
th

 grade rural 

respondents (F=0.47, p<0.01) at different Piagetian developmental levels were not 

significantly different in their mean scores on attitude towards science learning 

scale. The mean difference (-5.86) between rural respondents of 8
th

 grade at Mid 

Concrete (2A/2B) and rural respondents at Concrete Generalization (2B*) was 

significant at p<0.01. While mean differences (-11.32 & -3.01) between rural 

respondents of 8
th

 grade at Mid Concrete (2A/2B) and rural respondents at Early 
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Formal (3A) and, between rural respondents at Mature Concrete (2B) and rural 

respondents at Concrete Generalization (2B*) were significant at p<0.05. (Tables 

4.89, 4.90, 4.91, 4.92, 4.93) 

6. The respondents of all urban locality (F=5.56, p<0.01) at different Piagetian 

developmental levels were significantly different in their mean scores on attitude 

towards science learning scale. The mean differences (-3.26 & -6.03) between 

urban respondents at Mid Concrete level (2A/2B) and urban respondents at 

Mature Concrete level, between urban respondents at Mature Concrete (2B) and 

urban respondents at Early Formal (3A) were significant at p<0.05 respectively. 

While the mean differences (-4.48 & -9.29) between Mid Concrete (2A/2B) and 

Concrete Generalization (2B*), between urban respondents at Mid Concrete 

(2A/2B) and urban respondents at Early Formal (3A) were significant at 

p<0.01respectively. 

The urban respondents at 9
th

 grade (F=2.94, p<0.05) at different Piagetian 

developmental levels were significantly different in their mean scores on attitude 

towards science learning scale. The mean differences (-5.79, -6.89 & -10.77) 

between urban respondents at Mid Concrete level (2A/2B) and urban respondents 

at Mature Concrete (2B); between urban respondents at Mid Concrete level 

(2A/2B) and urban respondents at Concrete Generalization (2B*) and; between 

urban respondents at Mid Concrete level (2A/2B) and urban respondents at Early 

Formal (3A) were significant at p<0.05 respectively. While the urban respondents 

at 8
th

 grade (F=2.160, p<0.05) at different Piagetian developmental levels were 
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not significantly different in their mean scores on attitude towards science 

learning scale. (Tables 4.94, 4.95, 4.96, 4.97, 4.98) 

7. The 8
th

 grade respondents (F=5.091, p<0.01) at different Piagetian developmental 

levels were significantly different in their mean scores on attitude towards science 

learning scale among three districts. The mean differences (-2.35 & -6.48) 

between 8
th

 grade respondents at Mid Concrete (2A/2B) and Mature Concrete 

(2B) levels, and 8
th

 grade respondents at Mature Concrete (2A/2B) and 8
th

 grade 

respondents at Early Formal (3A) were significant at p<0.05. While the mean 

differences (-3.83 & -8.7) between 8
th

 grade respondents at Mid Concrete (2A/2B) 

and Concrete Generalization (2B*), Mid Concrete (2A/2B) and Early Formal 

(3A) were significantly different at p<0.01. (Tables 4.99, 4.100) 

8. On the other hand, the 9
th

 grade respondents (F 1.663, p<0.05) at different 

Piagetian developmental levels were not significantly different in their mean 

scores on the attitude towards science learning scale. (Table 4.101) 

9. The 8
th

 grade respondents of high schools (F=4.251, p<0.01) at different Piagetian 

developmental levels were significantly different in their mean scores on attitude 

towards science learning scale. The mean differences (-4.22 & -9) between 

respondents of high schools at 8
th

 grade at Mid Concrete (2A/2B) and Mature 

concrete (2B), between respondents at Mid Concrete (2A/2B) and at Early Formal 

(3A) were significant at p<0.05 respectively. The mean differences (-4.92 & -

13.22) between 8
th

 grade respondents of high schools at Mid Concrete (2A/2B) 

and Concrete Generalization (2B*); and between 8
th

 grade respondents of high 

schools at Mid Concrete (2A/2B) and Early Formal (3A) was significant at 
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p<0.01.at were significant at p<0.05. (Tables 4.102, 4.103) 

10. Whereas 8
th

 grade respondents of elementary schools (F=2.012, p<0.05) at 

different Piagetian developmental levels were not significantly different in their 

mean scores on attitude towards science learning scale. (Tables 4.104) 

 

Effect of Mismatch (between cognitive demand of content and Piagetian 

developmental levels of students) on attitude towards science learning. 

1. The respondents with different percentages of topics above their comprehension 

level (F=5.790, p<0.01) differ significantly in their attitude towards science 

learning. The mean differences (-2.33 & -4.04) between students with 55% of 

topics above comprehension level and 26% of topics above comprehension level, 

and between students with 55% of topics above comprehension level and 6% of 

topics above comprehension level were significant at p<0.05 and p<0.01. (Tables 

4.105 & 4.106) 

2. The male and female respondents (F=1.452 & F=2.921, p<0.05) respectively with 

different percentages of topics above their comprehension level did not differ 

significantly in their attitude towards science learning. (Tables 4.107, 4.108) 

3. The rural respondents (F=5.94, p<0.01) of 8
th

 grade with different percentages of 

topics above their comprehension level differ significantly in their attitude 

towards science learning. The mean differences (-3.31 & -6.22) rural locality 

students with 6% of topics above their comprehension level have significantly 

higher attitudes towards science learning than the students having 26% and 55% 

of topics above their comprehension level were significant at p<0.05 and p<0.01.  
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Urban respondents (F=2.01, p<0.05) with different percentages of topics 

above their comprehension levels did not differ significantly in their attitude 

towards science learning. (Tables 4.109, 4.110, 4.111) 

 

Conclusions 

 On the basis of the findings of the study, conclusions are categorized into two 

parts, a) conclusions regarding findings of  the socio-economic status, breakdown of the 

curricula demand, attitude towards science learning, score on the Pendulum task, 

distribution of the sample on the Piagetian developmental levels, and b) conclusions 

regarding the findings of attitude towards science learning scale, the pendulum task, 

students at different Piagetian developmental levels and their attitude, and effect of 

mismatch between curricula demands and students reasoning ability on their attitude 

towards science learning. 

Socio-economic status of the students’ parents. 

A majority of the respondents‘ parents were either illiterate or had low 

educational status. Similarly, a majority of respondents‘ mothers were working at their 

homes and their fathers were engaged in low earning professions. It was further evident 

by the presence of different household possessions; that a majority of the respondents 

were from ―Lower Middle class‖.  

CAT analysis of the general science textbook at 8
th

 grade 

A majority of General Science text book topics were at different sub-stages of the 

Concrete operational level. Some topics of the contents required the Early Formal level of 

thinking and Mature Formal level. This reflects that, during the development of the 
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contents, no rule regarding the level of the students‘ thinking ability was kept in mind. 

Similarly, even between the areas of science (Biology, Chemistry, Physics and, Earth and 

Space) topics do not follow any rule for Piagetian developmental levels of the contents. It 

is also evident from the findings that Physics and Chemistry topics are primarily abstract 

in nature and demand higher order of thinking as compared to the topics of Biology and, 

Earth and Space. Hence, it can be concluded that the contents of the General Science 

textbook of 8
th

 grade not only have serious flaws in terms of Piagetian developmental 

levels but these contents are also unequally distributed in terms of Piagetian 

developmental levels. 

Distribution of respondents at different Piagetian developmental levels 

(PDLs). 

On the basis of findings regarding Piagetian developmental levels, the following 

conclusions were drawn. 

1. Most of the students were at Concrete level, while very few attained the Early 

Formal level. A similar pattern of distribution of Piagetian developmental levels 

was observed among 8
th

 and 9
th

 grade students. Further analysis of Concrete 

level reveals that the 8
th

 grade respondents were more likely to be at Mid 

Concrete level and Mature Concrete level while the 9
th

 grade students were 

greater in number at Concrete Generalization level.  

 The same pattern of distribution at Piagetian developmental levels was 

observed when findings of 8
th

 and 9
th

 grade were synthesized on the district basis.  

This distribution of 9
th

 grade respondents reflects that they have a higher ability 

of reasoning than 8
th

 grade students. It also indicates that the trend of achieving a 
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higher level of thinking ability starts in higher grades or with increase in the age. 

Hence it can be concluded that intellectual maturity is associated with the age. 

The same distribution of respondents at different Piagetian developmental levels 

was recorded in three districts separately with a small number of respondents at 

Mid Concrete, a very small fraction of respondents at Early Formal level. The 

majority of respondents have attained the Mature Concrete level Concrete 

Generalization level.  

 The 8
th

 grade students were greater in number at mature concrete level and 

Mind Concrete level while 9
th

 grade respondents were greater in number at 

Concrete generalization and early concrete levels. This distribution of Piagetian 

developmental levels was also documented among 8
th

 and 9
th

 grades students 

separately. 

2. Male respondents were clustered at Mature Concrete level while few were at 

mid Concrete and Early Formal levels. Female students who were greater in 

number at Concrete Generalization level and fewer in number at Mid Concrete, 

Mature Concrete and Early Formal levels as compared to male students. There 

were more male students at Early Formal level as compared to female students 

but by a very small fraction of 0.2%. Female students were well ahead of their 

counterparts at Concrete Generalization level.  

 A similar pattern of distribution of Piagetian developmental levels among 

male and female students of 8
th

 and 9
th

 grades was recorded. It is also concluded 

that the male and female students of 9
th

 grade were greater in number at higher 

cognitive levels as compared to both gender of 8
th

 grade. The female students 
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were greater in number than male students at Early Formal level at 9
th

 grade but 

at 8
th

 grade this pattern is reversed in favour of male students. 

3. About the same number of rural and urban students were at Mature Concrete 

level. The number of urban students was greater at Concrete Generalization and 

Early Formal level than rural students. There were more rural students at Mid 

Concrete level than urban students. Again a majority of 8
th

 and 9
th

 grade students 

of rural and urban locality were at Mature Concrete level, while urban students 

of 8
th

 and 9
th

 grade were greater in number at Concrete Generalization and Early 

Formal levels than rural students. On the other hand, at Mid Concrete level, rural 

students of 8
th

 and 9
th

 grades were greater in number than urban students. 

 

The attitude towards science learning. 

On the basis of findings, the following conclusions were drawn regarding the 

attitude towards science learning. 

1. The female respondents reflected a higher attitude towards science learning than 

male respondents of the entire sample as well as respondents of 8
th

 and 9
th

 grade. 

Similarly, in three districts separately, again females had a higher attitude towards 

science learning than male respondents. Among the female respondents of three 

districts, there was no significant variation in the attitude towards science learning. 

But there were significant variations in their attitude towards science learning of 

male respondents among three districts. The male respondents of Okara had the 

highest attitude towards science learning, whereas respondents of Rawalpindi had 

the lowest attitude towards science learning among three districts. The female 
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respondents of 8
th

 and 9
th

 grades showed a higher attitude towards science learning 

than male respondents. Similarly, female respondents showed a higher attitude 

towards science learning than male students of three districts at 8
th

 and 9
th

 grades 

separately. Female students among three districts showed no variation in their 

attitude towards learning at 8
th

 and 9
th

 grade. Similarly, male students of 8
th

 and 9
th

 

grade among three districts also showed no variation in their attitude towards 

science learning. The male respondents of Okara showed a higher attitude towards 

science learning than those in Sargodha and Rawalpindi districts.  

2. Urban and rural respondents have the same attitude towards science learning. 

Similar conclusions were reached when results were analysed for 8
th

 and 9
th

 grades. 

Urban and rural respondents of three districts also have the same attitude towards 

science learning. The same pattern was observed at 8
th

 and 9
th

 grades. Rural 

respondents of districts Sargodha and Okara also have the same attitude towards 

science learning for respondents of 8
th

 and 9
th

 grades separately. Urban respondents 

have the same attitude towards science learning among three districts. This pattern 

of urban respondents was observed among three districts at 8
th

 and 9
th

 grade 

separately. 

3. The respondents of 9
th

 grade have a higher attitude towards science learning than 

respondents of 8
th

 grade. When the respondents at 8
th

 and 9
th

 grade of three districts 

were analyzed separately, respondents of 9
th

 grade had with a higher attitude 

towards science learning than respondents of 8
th

 grade. The respondents of 8
th

 grade 

of three districts significantly varied in their attitude towards science learning. 

Similarly, 9
th

 grade respondents of three districts significantly varied in their 
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attitude towards science learning. 

4. The respondents of 8
th

 grade at elementary schools showed a higher attitude 

towards science learning than respondents of 8
th

 grade at high schools, and 

respondents of 8
th

 grade at elementary schools showed a higher attitude towards 

science learning than respondents of 8
th

 grade at high schools in district Rawalpindi. 

The respondents of 8
th

 grade at high schools showed different attitude patterns 

towards learning of science among three districts. Again, Okara and Sargodha 

district respondents showed a higher attitude than respondents of Rawalpindi 

district. But interestingly, 8
th

 grade respondents of elementary schools showed no 

variation in attitude towards science learning among three districts.  

The pendulum task. 

 On the basis of findings the following conclusions were drawn regarding the 

Pendulum task  

1. The female respondents performed higher than male respondents on the Pendulum 

task. In district Sargodha and Rawalpindi, female respondents performed better than 

male respondents. The male and female respondents showed no variation in their 

scores on the Pendulum task among three districts separately. Female respondents 

of 8
th

 grade performed higher than male respondents of 8
th

 grade on the pendulum 

task. In districts Sargodha and Rawalpindi, female respondents performed better 

than male respondents. Male and female respondents showed no variation in their 

scores on the Pendulum task among three districts.  

The female respondents of 9
th

 grade performed higher than male respondents of 9
th

 

grade on the Pendulum task. In districts Sargodha and Rawalpindi, female 



184 

 

respondents performed better than male respondents. Male and female respondents 

of 9
th

 grade showed no significant variation in their scores on the Pendulum task 

among three districts 

2. The respondents of urban locality had higher scores on the Pendulum task than the 

respondents of rural locality. In Okara district, urban students performed 

significantly higher than rural respondents, but in district Sargodha this difference 

was not significant.  

Among urban respondents of three districts, there was significant variation of 

attitude towards science learning, and the respondents of Okara district performed 

better than urban respondents of Sargodha district on the Pendulum task. The 

respondents of urban schools had higher scores on the Pendulum task than the 

respondents of rural schools. In Okara district, students of urban schools performed 

significantly higher than respondents of rural schools, but in district Sargodha, this 

difference was not significant. Among respondents of urban schools of three 

districts, the variation of scores was significantly different. Respondents of 

Rawalpindi and Sargodha districts performed better than respondents of Okara 

district.  

The respondents of urban schools had higher scores on the Pendulum task 

than the respondents of rural schools. In Okara district, students of urban schools 

performed significantly higher than respondents of rural schools, but in district 

Sargodha this difference was not significant. Among respondents of urban schools 

of three districts, the variation of scores was significantly different. Respondents of 

Rawalpindi and Sargodha districts performed better than respondents of Okara 
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district. 

3. Respondents of 9
th

 grade scored higher than the respondents of 8
th

 grade on the 

Pendulum task. The respondents of 9
th

 grade performed better than respondents of 

8
th

 grade in district Okara and Rawalpindi. The 8
th

 grade students showed great 

variation among three districts on the Pendulum task but 9
th

 grade students didn‘t 

show such variation among three districts on the Pendulum task.  

4. Respondents of 8
th

 grade in high schools performed better than respondents of 8
th

 

grade in elementary schools on the Pendulum task. The 8
th

 grade high school 

respondents performed better than 8
th

 grade elementary school respondents in 

district Okara and Rawalpindi but not in Sargodha district. The respondents of 8
th

 

grade in high school performed differently among three districts and the same 

pattern was observed regarding the respondents of 8
th

 grade in elementary schools 

among three districts. 

 

Attitude towards science learning of respondents at different Piagetian 

developmental levels (PDLs). 

1. Respondents who were at different Piagetian developmental levels showed 

significant differences on the attitude towards science learning scale. Students at 

Mid Concrete level reflected the lowest attitude towards science learning compared 

to higher cognitive levels.  

The findings reflect that, as the cognitive level of an individual gets higher 

his/her attitude towards science learning also increases. Respondents of different 

Piagetian developmental levels of three districts showed great variation in their 
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attitude towards science learning in three districts separately. Although this 

variation changes from district to district, the main pattern remains the same, that a 

higher cognitive level of the respondents will ensure a higher attitude towards 

science learning. 

2. Male respondents of different Piagetian developmental levels also reflected 

significantly different attitudes towards science learning. Again, the students at Mid 

Concrete were lower in their attitude towards science learning than the respondents 

of Concrete Generalization and Early Formal. Similarly, the Mature Concrete level 

respondents and Concrete Generalization level respondents were lower in their 

attitude towards science learning than the respondents with higher cognitive levels. 

Male respondents of 8
th

 and 9
th

 grades at different Piagetian developmental levels 

showed the same attitude towards science learning.  

The female respondents of different Piagetian developmental levels also 

reflected significantly different attitudes towards science learning. The students at 

Mid Concrete were lower in their attitude towards science learning than the 

respondents of Concrete Generalization and Early Formal, while other respondents 

at different Piagetian developmental levels showed no significant difference in their 

attitudes towards science learning. The female respondents of 8
th

 and 9
th

 grades at 

different Piagetian developmental levels also had the same attitude towards science 

learning. 

3. The students of rural locality at different Piagetian developmental levels reflected 

the same attitude towards science learning. About the same pattern was observed on 

the basis of 8
th

 grade respondents. It was evident from the findings that rural 
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schools' respondents of different Piagetian developmental levels reflected 

significantly different attitudes towards science learning.  

The respondents at Mid Concrete level were lower in their attitude towards 

science learning than the respondents of Concrete Generalization and early formal 

levels. Similarly, the Mature Concrete level respondents and Concrete 

Generalization level respondents were lower in their attitude towards science 

learning than the respondents of higher cognitive levels. 

Urban school respondents of different Piagetian developmental levels also 

reflected their significantly different attitudes towards science learning. The 

students at Mid Concrete level were lower in their attitude towards science learning 

than the respondents of Concrete Generalization and Early Formal levels. Similarly 

students at Mature Concrete level and Concrete Generalization level were lower in 

their attitude towards science learning than the respondents of higher cognitive 

levels.  

The respondents of urban locality at 8
th

 grade showed that urban respondents 

of different Piagetian developmental levels had significantly different attitude 

towards science learning. The students at Mid Concrete level were lower in their 

attitude towards science learning than the respondents of Concrete Generalization 

and early formal levels. Similarly, the Mature Concrete level respondents and 

Concrete Generalization level respondents were lower in their attitude towards 

science learning than the respondents of higher cognitive levels.  

The urban school respondents of 9
th

 grade with different Piagetian 

developmental levels reflected the same attitude towards science learning. Rural 
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schools' respondents of 9
th

 grade with different Piagetian developmental levels also 

reflected the same attitude towards science learning. 

4. The respondents of 8
th

 grade of different Piagetian developmental levels also 

reflected significantly different attitude towards science learning. The students at 

Mid Concrete level were lower in their attitude towards science learning than the 

respondents of Concrete Generalization and Early Formal levels. Similarly, 

respondents at Mature Concrete level and Concrete Generalization level were lower 

in their attitude towards science learning than the respondents of higher cognitive 

levels. The respondents of 9
th

 grade with different Piagetian developmental levels 

reflected the same attitude towards science learning. 

 

Effect of mismatch (between cognitive demand of contents and PDLs of 8
th

 

grade students) on attitude towards science learning.  

1. The respondents with different percentages of topics above their comprehension 

level differ significantly in their attitude towards science learning, and students 

with 55% of topics above their comprehension level have a higher attitude towards 

science learning than respondents with 26% of topics above comprehension level. 

Students with 55% of topics above comprehension level have a higher attitude 

towards science learning that respondents with 6% of topics above their 

comprehension level. Similarly, students with 26% of topics above their 

comprehension level higher attitude towards science learning that respondents with 

6% of topics above their comprehension level. 

2. Male and female respondents with different percentages of topics above their 
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comprehension level have about the same attitude towards science learning.  

3. Rural respondents with different percentages of topics above their comprehension 

level differ significantly in their attitude towards science learning. Students with 

6% of topics above their comprehension level have a lower attitude towards science 

learning than respondents with 26% of topics above their comprehension level and 

students with 55% of topics above their comprehension level. Similarly, urban 

respondents with different percentages of topics above their comprehension level 

have the same attitude towards science learning. 

Discussion 

The sample of the study was 8
th

 and 9
th

 grade students of elementary and high 

school government schools of Punjab province. Schools were selected from rural and 

urban localities. Male and female students took part in the study from these schools. 

Every effort was made to insure that the sample was representative according to 

government schools population. It is evident from the conclusions that the ‗section of the 

society‘ which enrols their children in government schools is usually from the ―Lower 

Middle class‖. It also reflects the homogeneity in the selected sample of the study. Here 

possible answers of different research questions were discussed. 

Research Question 1 

It is evident from the research that the topics of the General Science book at 8
th

 

grade were unevenly distributed at different Piagetian levels. This unevenness also exists 

among different areas of science. These results are supported by Shayer, Kuchemann and 

Whylam, 1976; Shayer and Whylam, 1978; Shayer, 1978a; Shayer, 1978b; Cleminson, 

1989; Iqbal, 1997; Shin et al., 2003; Cepni, Ozsevgec and Cerrah, 2004; Kim, et al., 

2004; and Song et al., 2005. They all have used Curriculum Analysis Taxonomy (CAT) 
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and categorized contents in terms of Piagetian developmental levels. This uneven 

distribution of contents ultimately makes the textbook difficult and sometimes boring for 

students. The topics that demand a high level of cognitive development ultimately cause a 

hindrance in student learning. It is very important that curriculum developers and 

implementing authorities ensure that most of the contents of the textbook are consistent 

with each other. Schmidt (n.d.) also concluded that a major cause of low science 

achievement in countries such as the United States is that they attempt to cover too many 

topics in any one course. 

Research Question 2 

The analyses of Piagetian developmental levels measured through the Pendulum 

task indicate that almost all students were at Concrete level, while a small number was at 

Early Formal level. The findings of the study regarding the link of Piagetian 

developmental level with age of the individual confirm the Piaget and Inhelder age-stage 

study (1958).But these findings do not agree with Piaget‘s age-stage model that claims 

every individual should reach Formal level of thinking at the age of 12 or above. There is 

considerable deviation from the age-stage model as far as attainment of formal 

operational level is concerned. Studies throughout the world have documented that it has 

not happened in actual situations (Cepni, Ozsevgec & Cerrah, 2004; Cleminson, 1989; 

Iqbal, 1997; Kim, et al., 2004Shayer, 1978a; Shayer, 1978b; Shayer, Kuchemann & 

Whylam, 1976; Shayer & Whylam, 1978; Shin, et al., 2003; Song et al., 2005; Sutherland, 

1982). 

Research Question 3 to 10 

The results of this study reflect that female students have a higher attitude towards 
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science learning than male students. Past studies show similar or contradictory results e.g. 

Greenfield (1996) reported that among students of 4 to 6 grade, female students like 

science more than male students. On the other hand, many researchers have reported that 

male students have a higher attitude towards science than female students (Atp & 

Wilkinson, 1983; Banu, 1986; Breakwell & Beardsell, 1992; Haladyna & Thomson, 

1979; Kuhn, 1979; Lowery, Bowyer & Padilla, 1980; Menis, 1983; Sjoberg, 1983; 

Simpson & Oliver, 1985; Schibecia & Riley, 1986; Parkinson; et al, 1998; Weinburgh, 

1995; and Wooly, 1978;). A different result is reported by Rana (2002) and Weinburgh 

(2000), who are of the view that male and female students‘ attitude towards science 

depends upon different factors of same scale. For certain factors, male students have a 

significantly higher attitude, while for other factors female students have a significantly 

higher attitude. Interestingly, results of some studies reflect that male and female students 

do not significantly differ in their attitude towards science learning (Stables, 1990; Ye, et 

al, 1998). One of the major reasons for the deviation of results of this study from previous 

studies might be the difference in research tools used. The research tool used in this study 

measures ―attitude towards science learning‖, whereas other studies measured ―attitude 

towards science‖. The research tool used for this study considers students‘ daily routine 

of studying, doing home work, class room activities and discussion with teachers and 

class mates regarding science subject(s). The results of this study can also be 

corroborated by the results of the Board of Intermediate and Secondary Education (BISE) 

of different years in Pakistan. These results show that girls are higher achievers than boys 

at grade 8, grade 10, grade11 and grade12, and majority of position holders are also 

female students. This indicates that, overall, female students are harder working than 
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male students, as Simpson and Oliver, (1990); and Weinburgh, (1994) are of the view 

that students with a high attitude towards science also have high achievement marks. 

Similarly, Tal, Geier and Krajcik (2000) reported that among the higher achievers of 

male and female groups, the female students have a more positive attitude towards 

science learning. 

Urban and rural respondents have the same attitude towards science learning, and 

this pattern even persists between rural and urban respondents of 8
th

 and 9
th

 grade 

separately. These findings are supported by Zacharia and Barton (2004). So locality is not 

assumed to be a predictor of attitude towards science learning. The possible reason for 

this is that students from almost same socio-economic status are enrolled in government 

schools, and it has been proved with different studies that socio-economic status does 

affect students‘ attitude (Malone & Fleming, 1983; Ogunniyi, 1988; Okebukola & Jegede, 

1989). 

The 9
th

 grade students (science students only) have a higher attitude towards 

science learning than 8
th

 grade students. Science is a compulsory subject for all the 

students of 8
th

 grade, whereas science is an optional subject at 9
th

 grade. The students are 

free to choose either Humanities or Science subjects according to their interest. So this 

selection of science subjects ultimately results in a more positive attitude towards science 

learning. As reported by Hassan (2008) ―Students may feel motivated and find science 

more enjoyable when they are not under an obligation to study science‖. These findings 

contradict the findings of many previous studies, including Choppin (1974), Ayers and 

Price (1975), Sullivan (1979), Johnson (1981), Hadden and Johnstone (1983), Yager 

(1983), Atp and Wilkinson (1983), Simpson and Oliver (1985), Kelly (1986), Hofstein, 
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Maoz and Rishpon (1990), Greenfield (1996), Ormerod and Duckworth (1975), Brown 

(1976), Goodwin et al. (1981), and Francis and Greer (1999), who reported that attitude 

towards science decreases with the increase in grade and age of the individuals. Hadden 

and Johnstone (1983) have reported a similar finding at the secondary school level. In 

contrast to the above two findings, Ye, et al (1998) reported that attitude towards science 

learning has no direct relationship to the change in grade. These differences are justified 

by the facts that, in the Pakistani scenario, after examinations at 8
th

 grade most of the 

students having low a attitude towards studies quit the educational stream. A second 

possible reason is that only high academic achievers of 8
th

 grade are allowed to select 

science subjects, while low achievers are forced to select subjects of the humanities group 

at 9
th

 grade. The third seemingly possible reason is that teachers for the 9
th

 grade are more 

qualified academically and professionally as compared to teachers of 8
th

 grade.  

The 8
th

 grade students of elementary schools have higher attitude towards science 

learning as compared to 8
th

 grade students of a high schools. One of the apparent reasons 

is that 8
th

 grade is the terminating class in elementary schools, and its results reflect the 

teachers‘ performance. The teachers work hard to attain better results in centralized 

exams, while teachers of  high schools pay more attention to secondary classes, i.e., 9
th

  

and 10
th

 grades, as those are terminating grades and results of these grades are reported in 

teachers‘ annual performance reports. Furthermore, the students of elementary school 

also pay more attention to studies, as they need to achieve high marks to get admission to 

well reputed high schools.  
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Research Question 11 to 18 

Female students have a slightly higher reasoning ability as compared to male 

students. One of the reasons is the brain spurt that favours female students in age range 

11-14 years. These findings also have support from evidence reported by Adey and 

Shayer (1994) and Iqbal (1997).  The fact that the difference occurs from age 14, together with 

differences in brain growth spurts of boys and girls at 10/11 (at which stage girls‘ growth spurt is 

about three times greater than boys‘) and at 15/16 (at which boys‘ growth spurt is greater than 

girls‘) leads Adey and Shayer (1994) to interpret this as a window at age 11/12 which is 

particularly favourable to girls. 

The analysis of the Pendulum task shows that female students have performed 

significantly better than male students on the Pendulum task. A similar finding is also 

reported by Iqbal (1997) for the control group on the pre test (Volume and heaviness) and 

post-test (The Pendulum task), while Cepni, Ozsevgec and Cerrah (2004) reported a non-

significant difference between male and female students on the Science Cognitive 

Development Test (SCDT) in Turkey.  

Urban students performed better than rural students on the Pendulum task. A 

possible reason might be the exposure of urban students to scientific and technological 

gadgets, especially computers, which have some link to their cognitive development. It is 

also stated by Wilson and Wilson (1984) that students‘ reasoning abilities greatly vary 

from society to society. 

The students at 8
th

 grade of high schools performed better than students at 8
th

 

grade of elementary schools on the Pendulum task but this difference of performance was 
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not significant. One of the possible reasons is the availability of academically and 

professionally well qualified teachers in high schools. Students‘ reasoning abilities also 

differ among students of the same grades (Wilson & Wilson, 1984).  

 

Research Question 19 to 22 

This study has shown that for this sample at least, with the increase in reasoning 

ability, the attitude towards science learning of the student also gets higher. It is evident 

from the results that the attitude towards science learning also differ significantly even at 

the different sub-stages of the same cognitive level. This finding is consistent with Cepni, 

Ozsevgec and Cerrah, (2004). It is also reasonable to suppose that the more positive 

attitude of female students to learning science is related to their higher mean levels of 

cognitive development. 

Research Question 23 

The comparison of the Piagetian development levels of students and the Piagetian 

developmental levels of the contents of the General Science textbook reflects that there 

exists a mismatch between the curricula demand and students' reasoning ability at 8
th

 

grade. The research regarding this topic at different grades in many countries has also 

reported the same mismatch (Cepni, Ozsevgec & Cerrah, 2004; Cleminson, 1989; Iqbal, 

1997; Kim, et al, 2004; Shayer, 1978a; Shayer, 1978b; Shayer, Kuchemann & Whylam, 

1976; Shayer & Whylam, 1978; Shin et al, 2002; Song et al, 2005).  
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Research Question 24 

It is a burning issue in science education to study the impact of the difficulty level 

of contents on students‘ attitude towards science or science learning. Despite the absence 

of any evidence, the researchers still believe that higher the level of contents as compared 

to the students‘ cognitive level, the lower is the students‘ attitude towards science or 

science learning (Cepni, Ozeveg & Cerrah, 2004; Dweck & Bempechat, 1983; Iqbal, 

1997). This study has substantiated the claim that if an individual is able to comprehend 

more contents, he shows a higher attitude towards science learning than individuals who 

are able to comprehend less of the contents of the science subject(s).  
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Recommendations  

1. In this study, the sample was restricted to students of government schools for the 

purpose of homogeneity because most families of this sample belong to a ‗Lower 

socio-economic class. It alternatively excluded those sectors of the society from 

the study who enrol their children in private schools. These groups of society 

include ‗Middle, Upper Middle and Elite classes‘ of the society. Therefore, there 

is need to be cautious in generalising conclusions beyond this sample. The 

curriculum at any level is usually developed for all sectors of the society so it is 

recommended that a large scale research be conducted by the competent authority, 

keeping in view all representatives of the society, to find out the existing 

Piagetian developmental levels of students throughout the country. This will help 

to establish national norms for curriculum development and content selection. 

This study has already laid a foundation for the principles of such research.  

2. The distribution of the contents in the General Science textbook at 8
th

 grade does 

not seem to follow any age-stage model. Similarly, the fact should be kept in 

mind that a majority of the population does not strictly follow the age-stage model 

of Piaget. It is worthwhile to note that the age-stage model of Piaget has been 

refined on the basis of ample evidence reported throughout the world. 

Unfortunately, at present, this revised age-stage model is not being observed in 

the science curriculum at any grade in Pakistan. So it is necessary to ensure 

awareness of this refined age-stage model by the curriculum experts and it should 

be followed in its true sense throughout the science curriculum development 

process.  This age-stage model should be used for the selection of contents on the 
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basis of breadth and depth of the concepts.   

3. The majority of students at 8
th

 grade were at Concrete Operational level (Mid 

Concrete, Mature Concrete & Concrete Generalization levels), so curriculum 

developers could focus on contents to include in the textbook that match the 

students‘ largely Concrete reasoning ability levels, ultimately narrowing the gap 

of mismatch in the science curriculum. Similarly, in other grades, the selection of 

the majority of contents should be according to the cognitive ability of the 

students of that grade.  

4. This study was the first effort to provide empirical evidence to determine whether 

cognitive developmental levels, and the mismatch between students‘ reasoning 

ability and curricula demand, can affect students‘ attitude towards science 

learning or not. The answer is ―YES‖. The majority of the contents of the General 

Science Textbook at 8
th

 grade demand late Concrete Operational level, while 

some contents demand Formal Operational level, but a majority of the students 

were either at Mid Concrete or Mature Concrete levels. So there is a mismatch 

between students‘ reasoning ability and curricula demands of the contents.   

Metz (1995, 1997) has supported the high cognitive demands of the 

science curricula according to students‘ reasoning ability at different grades. The 

researcher is also of the view that there should be a mismatch in science curricula, 

but the existing mismatch in the General Science textbook at 8
th

 grade is not a 

conscious effort of the curriculum developers, hence, this mismatch can‘t be 

utilized to develop cognitive conflict among students. In fact, the curriculum 

developers usually, and teachers especially, should have a clear vision about the 
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‗existing Piagetian developmental levels‘ of the students and the cognitive 

demand of the contents, so that they can utilize the ‗mismatch‘ for generating 

appropriate ‗cognitive conflict‘.  

In this way, teachers can use those contents to ‗challenge‘ the students‘ 

previous knowledge and hence cause meaningful learning. It also requires active 

involvement of the students, while teachers have to act as facilitators. In other 

words, the teaching methods in our educational system need special attention 

from the concerned authorities.  

5. The use of those teaching method(s) in which students can be involved actively 

requires intention and mindful effort by the teachers. The pre-service teachers‘ 

curriculum and in-service teachers training should focus on these aspects. In 

particular, training programmes arranged by the education department for in-

service teachers should include those teaching methods that actively involve 

students, and hence help in meaningful learning, ultimately enhancing attitude 

towards science learning.  

6. Presently it is not the focus of the research, nor may it be possible, to eliminate 

the mismatch between curricula demand and students‘ reasoning ability. Zone of 

Proximal Development (ZPD) defines the role of teachers and peers for 

scaffolding to overcome the mismatch. The need is there to rationalize the 

mismatch in such a way that it becomes cognitively accessible with scaffolding 

provided by the teacher or peer. The best utilization of ZPD in this scenario is that 

teachers should use the inconsistencies regarding the topics and contents for the 

benefit of the students. In this way, cognitive conflict can be used for meaningful 
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learning.  

7. While teaching science subjects in the classroom, teachers may group students of 

different cognitive levels together, forming heterogeneous groups, so that 

students‘ with higher reasoning abilities can provide scaffolding (ZPD) for 

students with lower reasoning abilities. The gap of ―mismatch‖ can be bridged by 

utilizing the variation in cognitive levels among students. This effort may 

ultimately enhance their attitude towards science learning.  

8. The students of 8
th

 grade enrolled in high schools have higher attitude towards 

science learning as compared to students of 8
th

 grade in elementary schools. The 

findings of the present study also support that special attention should be paid to 

promoting the attitude towards science learning among students for 8
th

 grade in 

elementary schools. Besides this, a qualitative study may be conducted to explore 

the factors behind the difference in attitudes of 8
th

 graders in elementary and 

secondary schools.  

9. The rate with which new scientific knowledge is growing demands the 

introduction and teaching of complex and abstract concepts of science at early 

grades. Therefore, students from early grades should be taught in such a way that 

they become familiar with cognitive conflict in learning science. This way the 

mismatch of age-stage model can be bridged. It may be possible in this way that, 

reaching 8
th

 grade, they become more cognitively well developed as compared to 

the existing situation.  

10. The attitude of urban students is better that of rural students. One of the reasons 

might be the opportunities that urban students have towards exposure to scientific 
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gadgets such as, the computers, internet, mobiles, etc. This may cause motivation 

for them and, ultimately, develop their attitude towards science learning. The 

government schools in rural areas are unable to supply this technology, so the 

government rural schools may: i) provide an enriched classroom environment 

(classroom should be laboratory oriented); ii) arrange study tours to industries, 

factories, and science museums, etc. Along with this, a close liaison between 

industry and science museums with schools is also recommended. 

11. It is obvious from the study that female students showed a higher attitude towards 

science learning than male students. It is suggested that a qualitative research be 

conducted to explore the factors relating to development of attitude towards 

science learning. The results of this study may be used to further develop male 

students‘ attitude towards science learning.  

12. In fact, attitude of any individual might be affected by many factors including 

teachers‘ personality, method of teaching, classroom environment, interaction 

among classmates and peer group, social trends and even education of the parents, 

etc. Therefore, extensive research work, especially longitudinal research studies 

are needed to explore the in-depth phenomena relating to students‘ attitude 

towards science learning. 

13. Intervention studies to enhance attitude towards science learning should be 

conducted in the Pakistani scenario. 
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Annexure ‘A’ 

District  

No. of 

students 

Okara GBHS 32/2L 47 

GGES 43 GD 29 

GBES 40 GD 20 

GGES SABARI COLONY 12 

GBHS 44 GD 30 

GGHS 32 /2L 35 

GGES GAZI ABAD 20 

GBES 48/ 3R 26 

GGES 38 GD YOUNGPUR 27 

GGHS GOGERA 26 

GB ISLAMIA HS 46 

GG MODEL HS 38 

GBES ASHRAFUL MADARUS 30 

GBHS SATLUJ 37 

GGHS SATLUJ 45 

Sargodha GBHS SULTANABAD 48 

GBES Y BLOCK ST 19 

GBHS BLOCK 1 48 

GBES 104 SB 24 

GBES 105 SB 18 

GBHS AMBALA 57 

GG JUNIOR MODEL 30 

GBES 46 NB 30 

GGES SHEMSHER TOWN 30 

GGHS MC 54 

GGHS FAROG-I-TALEEM 48 

GGHS 101 NB 29 

GGES 111 NB 19 

GBHS 88 NB 35 

Rawalpindi GGHS JOHAR MEMORIAL 53 

GBHS PUBLIC ACADEMY 40 

GGES ANWAR UL ISLAM 30 

GBHS MODEL SADDAR 46 

GGHS ZINAT SAKANDRIA 39 

GGES MURRE ROAD 11 

GBES DOOK DEEN 27 

GBES 22 NO. CHONGI 30 
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Annexure ‘B’ 
 

  
 

Dear Zashah. 
You have permission to use this task free of charge for your PhD study. 
Yours 
Denise Ginsburg  
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Annexure ‘C’ 
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Annexure ‘D’ 

TASK III 

SCIENCE REASONING TASKS 

NAME: ……………………………………  TODAY’S DATE …………………………… 
BOY OR GIRL ………………………….  CLASS ……………………………………… 
SCHOOL …………………………………  DATE OF BIRTH …………………………. 

     day      month         year  

__________________________________________________________________________ 
 

THE PENDULUM 

We are going to make a pendulum, using a SHORT    or LONG string  
        And a LIGHT     or HEAVEY weight  

And we will exert a GENTLE or HARD push  
__________________________________________________________________________ 
 

SHORT string LONG String 

 

 
__________________________________________________________________________ 
 

 

 
LIGHT weight HEAVY weight 

__________________________________________________________________________ 
 

  
GENTLE push  

Or 
(narrow swing) 

HARD push  
Or 

(wide swing) 
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A.1 SHORT string, HEAVY weight, GENTLE push.  
 Your  
 Guess: __________ swings. Experiment: 1 
 
 
 
A2 LONG string, LIGHT weight, GENTLE push.  
 Your  
 Guess: __________ swings. Experiment: 2 
 

Length Weight Push Number of 
swings in ½ 

minute 

 
 
 
 
 
 
 
 
 
 
 
 
 

   

 

 
A.3 What effect do you think LENGTH, WEIGHT, and PUSH have on number of swings in 

half a minute?  
 

LENGTH:  
 

 
WEIGHT:  
 
 
 
PUSH:  
 

 
 
A.4a Now what can we tell, if anything, just from these experiments, about the effect of 

LENGTH, WEIGHT and PUSH on the number of swings?  
 
 LENGTH:  
 
  
 
A.4b WEIGHT:  
 
 
 PUSH:  
 
 
 
A.4c Write down one more experiment that you think would be worth trying next, and explain 

why you have chosen it. Also explain how this new experiment ties in with experiment 1 
or 2.  
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A.5 Imagine that we start again with  
 experiment 1 
 
 
 
 Which other arrangements would you use to test the 
 effect that LENGTH has on the  
 number of swings?  
 
 
 (But please use as few arrangements as possible; put a 
 star (*) next to any arrangements that you don’t really 
 need.) 

Length Weight Push  

SHORT 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

HEAVY GENTLE   

 

 
A.6 Again starting with experiment 1  
 How would you test for the effect  
 That WEIGHT has?  
 
 
 
 
 (But please use as few arrangements as possible; put a 
 star (*) next to any arrangements that you don’t really 
 need.) 
 

SHORT 

 

 

 

 

 

 

 

 

 

 

HEAVY GENTLE   

 

 
 
A.7 Imagine someone tried these two arrangements  
 (with another pendulum) 
 
 

a. What do they tell us about the effect of the PUSH?  
 
 
 
 
 
 
 
 

b. If there are any other arrangements that you think 
you would really need to be sure of the effect of 
the push, write them down.  

 (and cross-out any of the original two 
arrangements that you don’t need).  

Long short 

 

 

 

 

 

 

 

 

 

 

 

 

 

Heavy 

heavy 

Hard 

gentle 

15 
20 
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B.1    Experiment 1 
 
 
 
B.2    Experiment 2 
 
 
 
B.3 LONG string, HEAVY weight, HARD push,  

 Your  
 guess:_______ swings Experiment 3 
 
 
 
B.4 SHORT string, LIGHT weight, GENTLE push 

 Your  
 guess:_______ swings Experiment 4 

  

Length Weight Push Number of 
swings in ½ 

minute 

SHORT  

 

LONG 

 

 

 

 

 

 

 

 

 

 

 

 

HEAVY 

 

LIGHT 

GENTLE 

 

GENTLE  

 

 

 
 
B.5 Now write down what these four experiments alone tell us about the effect of LENGTH, 

WEIGHT and PUSH on the number of swings.  
 
 And, for each factor, note down only these experiments that you need to use:  
 
 

a. LENGTH:                b. 
 
 
c. WEIGHT:                d. 
 
 
e. PUSH:                 f. 
 

 
 
 g. Is the evidence weaker for deciding about one of the factors than it is for the 

 others? ______________________________ 
 
  If so, say which factor: __________________ 
 
 
 and  

EITHER show that the evidence   OR explain why it is insufficient  
is still sufficient,  

 

 

Note: This task is copy right restricted.  

experiments 

experiments 

experiments 
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Annexure ‘E’  

Details of Break-down of Topics of 8
th

 Grade General Science Textbook 

in terms of PDLs 
 

Topic 
Piagetian Developmental Level 

(PDLs) 
Category 

Biology 

Chapter 1 

Classification 2A/B (Mid Concrete) 1.6 

Micro-Organisms 2A/B (Mid Concrete) 1.1,1.2 

Viruses 2B (Late Concrete) 1.1,1.2,1.5 

Bacteria 2B (Late Concrete) 1.4,1.2,1.5 

Chapter 2 

Non-Flowering Plants 2B (Late Concrete) 1.5,1.1 

Flowering Plants 2B (Late Concrete) 1.5 

Identification of Plants with the help 

of key 
3A (Early Formal) 1.4 

Taking Care of Plants 2A (Early Concrete) 1.1 

Chapter 3 

Invertebrates 2B (Late Concrete) 1.5,1.1 

Key for Invertebrates 3A (Early Formal) 1.4 

Vertebrates 2B (Late Concrete) 1.5,1.1 

Key for Vertebrates 3A (Early Formal) 1.4 

Taking Care of Animals 2A (Early Concrete) 1.1 

Chapter 4 

population and Community 3A (Early Formal) 1.2,2.2 

Role of Man in Disturbing the 

Environment 
2B (Late Concrete) 1.2 

Causes and Prevention of 

Environmental Degradation 
2A (Early Concrete) 1.2 

Chapter 5 

Transfer of characters from parents to 

children 
2B (Late Concrete) 1.6 

Application of knowledge of 

Inheritance 
2B (Late Concrete) 1.2 

selective Breeding 2B (Late Concrete) 1.2 

Biotechnology 2B (Late Concrete) 1.2 

Chemistry 

Chapter 6 

Symbols of Elements 2A (Early Concrete) 1.1 

Chemical Formulas 3A (Early Formal) 1.4 

Chapter 7 

Chemical Change 2A/B (Late Concrete)  

Chemical Reactions 2A (Early Concrete) 1.1 
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Chemical Equation 3A (Early Formal) 1.2/ 1.4 

Chemical Bond 2B (Mature Concrete) 1.1 

Ionic Bond 3B (Late Formal) 1.2 

Properties of Ionic Compounds 2A (Early Concrete) 1.1 

Covalent Bond 3B (Late Formal) 1.2 

Chemical Reactions and Chemical 

Compounds 
2B (Mature Concrete) 1.2 

Laws of Chemical Combination   

a-Law of Conservation of Mass 2B (Late Concrete) 2.1 

b-Law of Constant Proportion 2A (Early Concrete) 1.3 

Chapter 8 

General Properties of Acids and Uses 

of Acids 
2B (Late Concrete) 1.3 

Bases  and their Uses 2B (Late Concrete) 1.3 

Salts 2A/B  (Mid Concrete) 1.3 

Chapter 9 

Occurrence of Carbon 2A (Early Concrete) 1.5 

Allotropes 2A (Early Concrete) 1.5 

Carbon Dioxide 3A (Early Formal) 1.1 

Parts of Candle Flame 3B (Late Formal) 1.3 

Chapter 10 

Introduction 2A/B (Mid Concrete) 1.1 

Manufacture of Soap 2A (Early Concrete) 1.1 

Manufacture of Detergents 2A (Early Concrete) 1.1 

Manufacture of Fertilizers 2A/B (Mid Concrete) 1.2 

Chapter 11 

Liquid Pressure 3A (Early Formal) 1.3 

Chapter 12 

Thermal Expansion of Solids 2B (Late Concrete) 1.6 

Thermal Expansion of Liquids 2B (Late Concrete)  

3-Thermal Expansion of Gases 2B (Late Concrete) 1.3 

Temperature Scales 3A (Early Formal) 1.2 

Chapter 13 

Lenses 2B (Late Concrete) 1.5 

Refraction through Lens 3A (Early Formal) 1.1 

Focal Length of Lens 3A (Early Formal) 1.4 

Image Formation by the Lenses 3A (Early Formal) 1.4 

Lens Camera and Human Eye 3B (late Formal) 1.3 

Chapter 14 

Potential Difference 2A/B (Mid Formal) 1.6 

Electric Potential 3A (Early Formal) 1.4 

Electric Current and Potential 

Difference 
2A (Early Concrete) 1.4 

Production of Electricity 3A (Early Formal) 1.1 

4a- Electric power 2A (Early Concrete) 1.1 
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Earth and Space 
Chapter 15 

Rocks 2B (Late Concrete) 1.4 

Life and Environmental Condition on 

Earth 
2A (Early Concrete) 1.1 

Minerals of Pakistan and its Uses 2A (Early Concrete) 1.1 

Chapter 16 

Big Bang Theory 2A (Early Concrete) 1.1 

Galaxies 2A (Early Concrete) 1.1 

Stars 2A (Early Concrete) 1.1 

Constellation 2A (Early Concrete) 1.1 

Blue and Red Giants 2A (Early Concrete) 1.1 

White, Red and Black Dwarfs 2A (Early Concrete) 1.1 

Neutron Star and Black Hole 2A (Early Concrete) 1.1 

Asteroids 2A (Early Concrete) 1.1 

Comets 2A (Early Concrete) 1.1 

Meteoroids 2A (Early Concrete) 1.1 
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Annexure ‘F’ 
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Annexure ‘G’ 

Attitude towards Science Learning Scale (AtSL) 
 

Sr.

# 

 

Statement 

A
lw

a
y
s 

U
su

a
ll

y
 

O
ft

en
 

R
a
re

ly
 

N
ev

er
 

1 I follow a regular schedule to study science subject(s) at home      

2 I like to learn science because it is an interesting subject.      

3 I understand science lessons taught by the teacher in the class.      

4 I can explain science lessons in my own words.      

5 I can focus the science lesson during the whole class.      

6 I revise the science lesson daily at home.      

7 I complete the science homework before going to play.      

8 I feel real pleasure in science class.      

9 I usually relate the previously leaned lessons with new science 

lessons. 

     

10 During science lectures, I comprehend important points.      

11 While studying science class, I fully concentrate on the topic.      

12 I usually allocate most of the time to the subject of science as I 

like it more than other subjects. 

     

13 Whenever, I want to ask any thing about science subject, I 

immediately consult to the teachers. 

     

14 My desire to attain success in science subject, urges me for more 

hard work. 

     

15 Science lessons become a source of boredom for me.      

16 Any topic(s) that I can‘t understand during the science class, I 

consult the teacher. 

     

17 The important point that teacher explain during teaching, help me 

in learning. 

     

18 The lessons taught in science classes are not interesting.      

19 I can‘t understand the science lessons, after the class.      

20 I prefer opting science subject in next classes.      

21 I don‘t find it interesting to discuss science topics after the school 

time. 

     

22 I don‘t take interest to complete my home work of science 

subject(s). 

     

23 I like science lessons.      
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Annexure ‘H’ 
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Annexure ‘I’  

SCIENCE REASONING TASKS 

TASK III  
THE PENDULUM 

Dietmar KUchernann  
Research Fellow, Chelsea College  

University of London 
 
Introduction 

This Task* is one of a series developed by the team 'Concepts in Secondary Maths & Science' at 
Chelsea College, University of London in the period 1973/78 in order to investigate the 
relationship between the optimum Piagetian level at which a pupil can function and the 
understanding of Science which he or she can achieve. 

 
This Task investigates the pupils' ability to sort out the effects of three variables; how the Length, 
Weight, and Push of a pendulum determine the period of oscillation. Of course only the length is 
important, but the student has to overcome strong intuitive feelings in order to realise this. The 
Task is based on chapter 4 of Inhelder and Piaget's "The Growth of Logical Thinking," Routledge, 
London, 1958. Allow about 45 minutes to complete the Task. 

 
Equipment 

 
Stopclock or watch with second-hand 
2 weights (say 100 and 400 gram slotted weights on hangers) 
2 strings looped at either end. (Loop to loop distances of 69 cm and 35 cm will give about 17 and 
22 
swings in half a minute. The numbers are not critical, but try to avoid lengths giving either 15 or 
20 
swings.) 
Firm support to hang pendulum from. 
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Administration 

There are not many questions in this Task, so your skill as a teacher should be used for creating 
a comparatively relaxed and slow-moving situation in which your pupils get the maximum 
opportunity to reflect on the questions which are asked. At any stage feel free to re-phrase any 
question in any way, so that the problem for the pupils is the one on the page, and not that of 
understanding what the question is about. Here we are trying to maximize the possibility of finding 
the same range of responses which one might obtain by individual interview. 
A.1  Introduce the Task as a series of experiments to find out what factors determine how fast 

a pendulum swings. Talk through the first page showing them the combinations, with your 
apparatus, which are given on the cover of their response-sheets. "Gentle" and "Hard" 
may seem loose to you as a trained scientist but they do not worry the pupils. 
Occasionally at the end of the Task a few students complain that the push was not 
standardised, but there is no evidence to indicate that their performances were affected. 
Make sure they understand that 'how fast' means "How many swings in a given time" and 
not the velocity of the weights while swinging. Ask them to turn over, and write in the first 
combination of variables in the columns in the box opposite A, 1, and to make a wild 
guess about the number of swings. Perform the experiment by starting the weight at the 
bottom, and swinging it very gently out (keep a slight tension on the string so that it 
doesn't 'bounce'). Time whole swings, "Zero", "One", "Two", etc., and stop the pendulum 
after Vi a minute. Round off the number of swings to a whole number. Ask pupils to 
record the result. 

 
A.2 Ask them to write in the new combination of variables in the box opposite A.2, tell them 

that their guess is again a 'free' one, and is just there to help them think, and perform as 
in A.I. Again, ask the pupils to record the result. 

 
A.3 Ask for their ideas about how the three variables affect the number of swings. We want 

answers of the form: "If its longer then........" 
 

*The first three questions (A.1, A.2 and A.3) are not assessed but are designed to help 
focus the pupils' attention on the problem. 

 
A.4a It is hoped that by asking for their ideas in question A.3 some pupils will then distinguish 

between their ideas and the evidence in A.4. They will probably think that the two 
questions are the same, so point out that "here we are interested in what, if anything, this 
particular couple of experiments show". If they feel they have already answered this 
question, then of course they can write "see above". The "if anything" is a hint to the 
intelligent child who might be worried that he must deduce something from every 
experiment. Do not labour the point. 

 
A.4b Make sure they realise that there are THREE parts to their answers. 1) a new 

combination of Length, Weight and Push, 2) a reason for choosing it, and 3) an 
explanation of how it ties in with the first two. 

 
A.5 This page tests their experimental economy, (a typical concrete operational strategy is to 

'try & 6 everything') and their awareness that variables must be controlled. Explain in your 
own words that here we are trying to find out how they would have investigated this on 
their own. "How would they plan the experiments?" Let them write their combinations, 
and then draw their attention to the note in brackets, about being economical. 

 
A.7 Say that for this pendulum the "LONG", "HEAVY" etc. weren't quite the same as for the 

one you demonstrated, ask them to imagine they are looking critically at someone else's 
experiment so they can't compare the values with A. 1 and A.2. In this question we get 
the 3A response from the last part of the question, so for the question "What do they tell 
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us about the effect of the PUSH?" emphasise that it is just these two results they should 
use, and ask them for a fairly explicit answer i.e. their deduction and also their reason for 
making it. This gives them the opportunity to give us a 3B response by pointing out that 
no proper deduction can be made. Read through the last part. Make sure they have all 
finished, and only then ask them to turn over to the last side  

 
Section B, page four is the most crucial part of the Task. Two more combinations of variables are 
demonstrated, and then B.5 tests their ability to analyse the data reflectively. Here is where most 
of the evidence is gained as to whether a pupil is using late Formal Operational thinking. 

 
Note that the 4 combinations set up in Section B control the variables so as to allow for 
unambiguous deductions about the effect of LENGTH (Exp. 2 and Exp. 4), and WEIGHT (Exp, 1 
and Exp. 4), but appear not to control the other variables in respect of PUSH. In fact, once the 
effect of WEIGHT has been deduced, then Exp. 2 and Exp. 3 can be used to deduce the (non) 
effect of PUSH, and the pupil is given a chance to show this, either in 6.5e or in B,5g. It is difficult 
to spot that the evidence is still sufficient for PUSH, so in B,5g a 3B assessment can be reached 
by the alternative strategy of explaining that, for PUSH, the other variables were not controlled. 

 
It is important that the data is as clear as possible. Ask them to write in the values from A.I and 
A.2, to fill in the details for B.3, and to have a guess about the number of swings. Remind them 
that their guesses are not assessed, but are designed to help them in their thinking: if their guess 
is close to the experimental result then their thoughts are probably on the right track, but if not, 
then they know that they have to think again. Demonstrate B,3 and ENSURE that the answer is 
the same as B.2, ask them to record. For the Hard push, swing the pendulum about 30° from the 
vertical. Repeat the above for B.4 and this time make sure the answer is the same as 8,1. 

 
Explain in your own words that using just these four experiments we want them to deduce the 
effect, and direction of .each factor, e.g. "if you think they show that weight has an effect, then 
don't just write 'it ' has an effect' but say 'if the weight is heavier then you get fewer/more swings 
in half a minute' ". Explain also that different combinations of the four experiments may be 
necessary for their various conclusions. Ask them to write in the box labelled "experiments" only 
those (from 8.1 — 8,4} they really need in order to make their deductions. 

 
B.5g In your own words point out that "maybe you found one of the factors rather more difficult 

to determine than the other two. If so, say which (and if not, that's O.K.), and then you've 
a choice of answers. EITHER show how you used the evidence to make your deduction, 
OR explain why you think the data is insufficient". 

 
N B! It is most important that you ensure that the number of swings recorded in 8.2 is the same as 
that in B.3, and that B. 1 also equals B.4. Otherwise pupils cannot make valid deductions in B5a to 
BSg, 

 
ASSESSMENT 

Item 1: This is a Concrete only, 2B-level item. We are looking to see whether, either in their 
answers to A3, or A4a or A4b, they are using anywhere the concrete schema "The 
more.....the more....." – e.g. "the shorter the string the faster it swings" or "as you make 
the weight heavier so it swings slower" etc. Their interpretation doesn't have to be correct, 
but they have to give more structure to their answer than just" the weight makes a 
difference ". 

 
Item 2: This Is a very difficult item, rarely passed, in A4a or b they have to say "You can't tell, 

because you've changed two things in the second experiment" - or words to that effect. 
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Item 3: In A4c they have to give an experiment which, in conjunction with either A1 or A2, would 
give a combination controlled for all but one variable, e.g." Short/Heavy/Hard to go with 
A1 to tell the effect of push" . Use your own judgment, if they have given no explanation 
of the (correct) choice they have made, whether their responses to the later questions 
indicate they probably did know what they were doing. 

 
Item 4: In A.5 they have to give a combination in which weight and push are kept constant, and 

length is varied. Often they just give "Long/Heavy/Gentle", but sometimes they give a 
new pair, properly controlled, or sometimes they give a second pair as well, in which only 
length is changed, e.g. "Short/Light/ Gentle and Long/light/Gentle", Accept either, but 
don't accept a list of three or more where length, weight and/or push are varied at 
random, and there is no indication of how the experiments are to be paired. 

 
Item 5: Exactly the same as A.6, except that here they have to vary weight, while controlling the 

others.  

 
Item 6: In A7, the first item you assess is a 3B level response, in A7a, that "you can't tell anything 

about push because you've changed the length as well" OR "you can't tell because it 
might be length that changed the rate of swinging". 

 
Item 7: In A7b you are looking for a valid pair in which only Push is varied – e.g. 

"Long/Heavy/Gentle- to go with the first experiment".  But accept also a new pair in which 
only push is varied. Don't accept a list where only you can find a controlled pair – the 
student must show the pairing somehow if  

 
Item 8: In B5a they must find the correct effect of length, and show the direction of the 

relationship – e.g. "the shorter the string the more the number of swings". 

 
Item 9: In B5b they have to choose only " 2 and 4". 

 
Item 10: In B5c, they have to assert that the weight doesn't affect the rate of swinging (which 

means that, in the test: administration, it is very important that 81 = B4, and B2 « 63). 

 
Item 11: In B5d they have to select only " 1 and 4", 

 
Item 12 and 
Item 13: In their answers to BSe, f, and g they have the opportunity to get two right answers. 

The original way is , for item 12 to say "Push doesn't have any effect" and for item 13 to 
choose " 1 and 4, followed by 2 and 3" in b5f. The first is a 3A response, and the 
second a 38. To get the item 13, they need also to say, in B5g :" 1 and 4 tell you weight 
has no effect, then 2 and 3 have the same length, so...".  But sometimes they see the 
problem, and don't spot the solution. So we also allow the 3B response to be "You can't 
tell, because there are no two experiments in which only push has been changed" (like 
item 6, in A.7). In this case they can get the 3A response (item 12} by adding, e.g. "we 
needed to do "short/light/hard" - or anything that shows they know how to test for the 
effect of push, 

 
Scoring Procedure 

The method of ascribing a level of cognitive development to an individual has been achieved 
through the use of Rasch scaling, which makes the best use of all of the pupil data and item data 
in arriving an equal interval scale. 
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The level of development is expressed directly as a number on a scale. The scale is based on the 
following ascription of scores to the beginning of each of the levels and sub-levels of thinking; 

 
Early concrete                           2A                    3.0 
Mid concrete                             2A/2B              4.0 
Mature concrete                       2B                    5.0 
Concrete generalisation            28*                  6.0 
Early formal                               3A                    7.0 
Mature formal                           3A/3B              8.0 
Formal generalisation               3B                    9.0 
 

For each person, score "1" on the Task Assessment sheet for each item right, and then use the 
Table below to convert the total item score to a scale value. 
 

Total Scale 

1 5.0 

2 5.6 

3 6.0 

4 6.4 

5 6.7 

6 7.0 

7 7.2 

8 7.5 

9 7.8 

10 8.2 

11 8.6 

12 9.2 

13 10.0 

 
If you have a computer spread-sheet, you will find it convenient to record your assessment 
straight into the computer file. Simply type a template copy of the Task Assessment sheet into 
your spread-sheet, and enter an instruction in the "Total" column to sum the scores in the item 
columns.  If you then type a copy of the Table above outside the Task matrix, you can use it as a 
Lookup Table which takes the total score as input, and delivers into the Scale column the 
corresponding scale level. 
 

 


