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Abstract  

 

 Achievement in Chemistry at the secondary school level is influenced by a 

variety of Cognitive and Noncognitive factors. Cognitive variables such as Verbal 

Intelligence and Scientific Reasoning help students process, analyze, and apply 

scientific concepts, while Noncognitive variables like Attitude towards Chemistry and 

Self-efficacy in Chemistry influence motivation and inspiration. Understanding the 

combined effect of these variables is crucial for enhancing student Achievement in 

Chemistry. 

 The present study investigates the influence of selected cognitive and 

Noncognitive variables on Achievement in Chemistry among secondary school 

students. Cognitive variables considered were Verbal Intelligence and Scientific 

reasoning, while Noncognitive variables included Attitude towards Chemistry and 

Self-efficacy in chemistry. Gender, locale and Type of Management of the school 

were considered as classificatory variables. Achievement in Chemistry was taken as 

the dependent variable and Cognitive and Noncognitive variables as independent 

variables. Accordingly, objectives have been framed and hypotheses formulated. 

survey method was employed and relevant data were collected from a stratified 

random sample of 1100 students. To measure the variables, standardised tools were 

used, and the collected data were analysed using descriptive statistics, independent 

sample t-tests, two-way ANOVA, Pearson's product moment correlation coefficient 

and multiple regression analysis. 

 The study found significant differences in both Cognitive and Noncognitive 

variables, as well as Achievement in Chemistry, based on gender, school locale, and 

type of school management. Female students and government school students scored 

higher in Verbal Intelligence and Scientific Reasoning, and these key factors are 

crucial for success in chemistry. However, there was no significant difference between 

rural and urban students in these cognitive variables, suggesting that locale does not 

strongly influence them. Female students also showed a more positive Attitude 

towards chemistry than male students, though both genders had similar levels of Self-

efficacy. In terms of Noncognitive factors, locale of the school showed significant 

differences, and students in government schools had more positive Attitudes towards 

Chemistry than those in aided schools. 



 The study also revealed that cognitive variables particularly Verbal 

Intelligence and Scientific Reasoning independently influence Achievement in 

Chemistry. The study throws light that a positive attitude is strongly correlated with 

higher achievement in chemistry across all student sub groups. 

  A significant interaction observed among male and rural students, suggest that 

the combined influence of Attitude and Self-efficacy substantially enhances academic 

performance. Verbal Intelligence, Scientific Reasoning in Chemistry and Attitude 

towards Chemistry collectively serve as significant predictors of Achievement in 

Chemistry. Workshops may be organised for teachers on integrating cognitive skill-

building strategies, modules to improve Verbal Intelligence and Scientific Reasoning 

in boys, such as debate peer tutoring or inquiry-based activities, inclusive classroom 

environments that promote confidence in boys and girls.  Gender - neutral 

encouragement programmes may be organised in schools, for both boys and girls to 

perform equally well in chemistry. Science curriculum should incorporate with a 

cross-disciplinary approach from the school level onwards promoting the integration 

of language and Science. Curriculum should also include provisions for inquiry based 

learning, contextualising chemistry concepts within everyday experience and 

fostering curiosity in the subject.  

Keywords: Achievement in Chemistry, Cognitive Variables, Noncognitive variables, 

Verbal Intelligence, Scientific Reasoning, Attitude towards Chemistry, Self-efficacy 

in Chemistry, Multiple Regression and Secondary School Students. 
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 Education is the most powerful tool for driving social transformation and 

fostering socio-economic development. The creation of a modern, progressive society 

hinges on the effective implementation of a high-quality education system. In its 

broadest sense, education is a process of shaping individuals and building character. 

It should cultivate values such as humanism, tolerance, compassion, cooperation, and 

peace. Additionally, education serves as a critical foundation for scientific and 

technological advancements, making it indispensable for societal progress. 

 In the digital era, the nation requires a high-quality education system that 

delivers up-to-date and advanced knowledge, unlocks innate potential and abilities, 

enhances competencies, and fosters intelligence and Scientific Reasoning. Education 

must also cultivate foundational skills, transform attitudes and interests, and instil 

human values. These elements collectively contribute to the holistic growth of 

individuals and the overall progress of the nation. 

 Education is an act of discovery. Its ultimate goal is to nurture learners who 

are capable of innovation and creativity, rather than merely replicating the 

achievements of past generations. Society expects education to produce individuals 

who can serve as originators, inventors, creators, and pioneers. Education truly 

becomes an investment when it yields returns in the form of skilled professionals—

scientists, doctors, engineers, teachers, farmers, and labourers—who contribute to 
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societal progress. This continuous academic pursuit hinges on the quality and 

standards of the curriculum, as well as its thoughtful and strategic implementation. 

Ultimately, the success of this endeavour rests in the hands of dedicated, resourceful, 

and competent teachers. 

 Science is a systematic endeavour that builds and organises knowledge 

through testable explanations and predictions about the world. It is an ongoing process 

of discovery, aimed at uncovering new knowledge, refining explanations, and 

deepening our understanding. At its core, science involves the application of 

knowledge and the systematic exploration of the natural and social world, guided by 

evidence-based methodologies (Lederman & Lederman, 2005). 

 Science is a systematic process of observing, describing, and exploring the 

physical world. It encompasses a body of knowledge and a set of methods used to test 

hypotheses and validate ideas. Through empirical observation, science leads to the 

development of concepts, principles, and theories. The fundamental outcomes of 

science are facts, concepts, principles, and theories, while its core processes include 

observation, comparison, classification, communication, measurement, estimation, 

and prediction. 

 In the context of the internationalisation of education, science education has 

emerged as a critical and prioritised subject within school curricula worldwide. 

Advances in science and technology have revolutionised the teaching and learning of 

science, transforming the broader educational landscape. Science education plays a 

pivotal role in shaping national educational goals and fostering the development of 

enlightened, informed citizens, essential for societal progress. 
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 The entire educational landscape has undergone significant transformation due 

to advancements in science and technology. Information technology, in particular, has 

brought about fundamental changes in the field of pedagogical sciences. The present 

investigation aims to explore the Influence of specific Cognitive and Noncognitive 

variables on Achievement in Chemistry among Secondary School Students. While the 

study focuses broadly on science education, it places particular emphasis on the 

domain of Chemistry education. 

Need and Significance of the Study 

 Science education in schools initiates scientific thought in learners, develops 

their logical reasoning, enables them to acquire the strategy for problem solving 

method of enquiry to draw inferences and make decisions. Learning Science in school 

will open the most intellectual and honest method of seeking scientific truth. The 

knowledge of scientific method is the most important cognitive strategy a student is 

supposed to learn to participate in social life and succeed in personal life. 

 Science education involves more than just teaching science; it also involves 

engaging with the social influences that surround science, whether those influences 

are found at home or in a laboratory. This includes learning about the processes that 

teachers and scientists use to teach science. Research proponents have argued that the 

study and understanding of the interactions and interrelationship of Science – 

Technology – Society (STS) needs to become an integral part of contemporary and 

future science education for all (Yager, 1993; Wakes & Prakash, 1985). 
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 By connecting science to everyday life, students become more engaged and 

motivated to learn. This approach also helps create responsible individuals who 

understand the impact of science on society. When students see the relevance of 

science to real-life issues, they are more likely to develop a deeper interest in the 

subject and its social implications. 

 Among the different science subjects that the secondary school students learn, 

Chemistry is an important subject, as it has direct and immediate effect on the day to 

day life of the individual and the society. The advancement of science and technology 

has paved the way for drastic changes in the discipline of Chemistry. The exponential 

growth of knowledge in the discipline of Chemistry has created a challenge for 

curricular experts, researchers, teachers and students. To cope up with new situation, 

it is mandatory on the part of NCERT and SCERT to take initiative for systemic 

revision and necessary modification in the Chemistry curriculum at secondary level. 

 At the time of curriculum transaction the teacher has to stimulate the minds of 

students and invoke in them scientific temper. To create interest in the subject, the 

teacher has to explain the concept thoroughly and if the teacher is fails in this 

academic process, the subject of chemistry becomes a phobia for students, and this 

leads to poor performance and failure in the subject. 

 Studies have shown that Chemistry is considered as a difficult subject for 

young students (Ayas & Demirbuker, 1994). Chemistry teachers, scholars and 

researchers have been trying to explain how students can be helped to understand 

Chemistry better (Eylon, 1986). Tsaparlis (1998) revealed that a majority of secondary 

school pupils are poor in Chemistry. Sherwood and Enoch (1984) reported that many 
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of the secondary school students lack the understanding of chemical principles behind 

the equations and formulae. It is found that Organic Chemistry is a very important 

subject for all students of Chemistry. But, even the textbooks are not successful in 

offering a reasonable understanding of Chemistry concepts. Rote learning of formulae 

and principles without proper conceptual understanding in Organic Chemistry creates 

working memory difficulties (Hussein & Reid, 2009).  

 While, reviewing the literature, the investigator has identified certain 

psychological variables which have positive correlation in Achievement in Chemistry, 

namely Verbal Intelligence, Scientific Reasoning, Attitude towards Chemistry and 

Self-efficacy in Chemistry. Sibomana (2021) observed that the secondary school 

students continue to consider Chemistry as difficult to learn and develop a negative 

attitude towards it. This leads to low Achievement in Chemistry even after applying 

innovative instructional strategies. Ranjusha (2021) in her study reveals that the 

extrovert personality shows positive correlation with Scientific Reasoning. Study has 

also shown that as extroversion increases Scientific Reasoning also tends to increase. 

 Shilina (2017) found that there exists significant effect of Self-efficacy on 

Achievement in Chemistry. Cognitive instructional strategy has significant effect on 

student Self-efficacy in Chemistry achievement. Prathibha (2018) in her study reveals 

that the total score of multiple intelligence and Achievement in Chemistry shows 

highly significant positive correlation for the whole sample and relevant subsamples. 

According to Kusumaningtyas (2020) Self-efficacy represents students’ belief in their 

ability for high achievement. Students with high Self-efficacy are more engaged and 

motivated in school activities. They tend to perform better in science and are more 
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likely to succeed in high school programs. Singh (2020) reveals that the scientific 

attitude is a major objective of science teaching and it should be cultivated and 

developed among high school students. Attitude towards science practicals and 

achievement in science is highly correlated. 

 The investigator has also observed from the literature review that, the  

chemistry is generally a difficult subject for secondary school students. The 

content incorporated in the syllabus is overloaded and students face difficulties in 

understanding the concepts, ideas and principles properly. The achievement of 

students in chemistry was also found poor and low. In order to overcome these 

situations, the factors associated with the backwardness in learning chemistry are to 

be identified. Effective strategies are to be evolved for improving the quality of 

teaching and learning chemistry thereby enhancing the Achievement in Chemistry at 

secondary level. 

 Based on research findings, key highlights of the National Education Policy 

2020, the existing SCERT Chemistry curriculum at the secondary level, discussions 

with subject experts and the supervising teacher, as well as the investigator’s own 

experience as a physical science teacher, the need for a thorough inquiry into the 

selected problem became evident. Furthermore, a review of existing studies confirmed 

that no prior research had combined these relevant factors. Consequently, the 

investigator decided to undertake this study. 
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Statement of the Problem 

 Identifying the determinant correlates of academic achievement has been a 

major area of research in education. The objective of identifying the correlates of 

Achievement in Chemistry will provide a solid foundation for future researchers in 

the field. It will enhance the development of more effective strategies for improving 

the performance in chemistry. As a result, the investigator has identified Verbal 

Intelligence and Scientific Reasoning as Cognitive variables and Attitude towards 

Chemistry and Self-efficacy in Chemistry as Noncognitive variables. Hence, the study 

is entitled as “Influence of Certain Cognitive and Non Cognitive variables on 

Achievement in Chemistry among Secondary School Students”. 

Definition of Key Terms 

Influence 

 According to Creswell (2014) Influence refers to the power or capacity of a 

variable to produce an effect on another variable, shaping outcomes and relationships 

within a research study. 

 In the present study, Influence means power or capacity of independent 

variables, selected Cognitive and Noncognitive variables, to produce an effect on 

dependent variable, Achievement in Chemistry among secondary school students. 
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Cognitive Variables 

 Cognitive variables are factors that contribute to information processing, 

including perception, attention, memory, reasoning, and problem-solving, which 

influence learning and academic achievement (Sternberg & Sternberg, 2016). 

 In the present study, Cognitive variables denote certain selected Cognitive 

variables on Achievement in Chemistry among secondary school students such as 

Verbal Intelligence and Scientific Reasoning. 

Noncognitive Variables 

 Noncognitive variables denote, individual characteristics, attitudes, and socio-

emotional skills that influence learning, academic achievement, and personal 

development but are not directly related to cognitive intelligence or intellectual 

ability. These variables include motivation, Self-efficacy, emotional regulation, 

resilience, and interpersonal skills, which significantly impact educational and life 

outcomes. 

 In the present study Noncognitive variables denote certain selected 

Noncognitive variables on Achievement in Chemistry among Secondary School 

students such as,  Attitude towards Chemistry and Self-efficacy in Chemistry.  

Achievement in Chemistry 

 Achievement is the demonstrated level of competence or mastery in a 

particular domain, typically measured by performance indicators such as test scores, 

grades, or other standardised assessments (Snow & Farr, 1987). 
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 In the present study, Achievement in Chemistry denotes the accomplishment 

or acquired proficiency in the performance of IX standard Secondary School students 

in Chemistry.  

Secondary School Students 

 Students attending standard VIII, IX, and X of Government/Aided Schools 

recognised by the Department of Education, Government of Kerala is considered as 

Secondary School students. 

Variables Selected for the Study 

Dependent Variable 

 In the present study, Achievement in Chemistry among Secondary School 

Students is taken as dependent variable. 

Independent Variables 

 An independent variable is one that is predicted to influence the dependent 

variable. In the present study the investigator has selected certain Cognitive and 

Noncognitive variables as independent variables, they are: 

Cognitive Variables 

Verbal Intelligence 

Scientific Reasoning 
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Noncognitive Variables 

Attitude towards Chemistry  

Self-efficacy in Chemistry 

Classificatory Variables 

 The research studies have shown that gender, locale of the school and type of 

management of the school have an influence on differences in the academic 

achievement among the students. Hence, the investigator has included the following 

classificatory variables. They are: 

Gender 

Locale 

Type of management of the school 

Objectives of the Study 

 The present study is intended to find out the influence of selected Cognitive 

and Noncognitive variables on Achievement in Chemistry among Secondary School 

Students.  

The following are the objectives of the study: 

1. To find out whether there exists any significant difference in the mean scores 

of selected independent variables, namely Verbal Intelligence, Scientific 

Reasoning, Attitude towards Chemistry and Self-efficacy in Chemistry, and 
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the dependent variable, Achievement in Chemistry among secondary school 

students, based on subsamples, gender, locale and type of management. 

2. To find out the main and interaction effects of selected Cognitive variables, 

namely Verbal Intelligence and Scientific Reasoning, on Achievement in 

Chemistry for the total sample and subsamples based on gender, locale and 

type of management.  

3. To find out the main and interaction effects of selected Noncognitive variables, 

namely Attitude towards Chemistry and Self-efficacy in Chemistry, on 

Achievement in Chemistry for the total sample and subsamples based on 

gender, locale and type of management. 

4. To find out the extent of relationship between selected Cognitive variables, 

namely Verbal Intelligence and Scientific Reasoning, and Achievement in 

Chemistry among secondary school students. 

5. To find out the extent of relationship between selected Noncognitive variables, 

namely Attitude towards Chemistry and Self-efficacy in Chemistry, and 

Achievement in Chemistry among secondary school students. 

6. To develop a regression equation for predicting Achievement in Chemistry 

based on selected Cognitive and Noncognitive variables. 
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Hypotheses of the Study 

 The following are the hypotheses formulated for the study: 

1. There exists significant difference in the mean scores of selected independent 

variables, namely Verbal Intelligence, Scientific Reasoning, Attitude towards 

Chemistry and Self-efficacy in Chemistry, and the dependent variable, 

Achievement in Chemistry among secondary school students, based on 

subsample, gender. 

2. There exists significant difference in the mean scores of selected independent 

variables, namely Verbal Intelligence, Scientific Reasoning, Attitude towards 

Chemistry and Self-efficacy in Chemistry, and the dependent variable, 

Achievement in Chemistry among secondary school students, based on 

subsample, locale. 

3. There exists significant difference in the mean scores of selected independent 

variables, namely Verbal Intelligence, Scientific Reasoning, Attitude towards 

Chemistry and Self-efficacy in Chemistry, and the dependent variable, 

Achievement in Chemistry among Secondary School students, based on 

subsample, type of management. 

4. Selected Cognitive variables have significant main and interaction effects on 

Achievement in Chemistry for the total sample and the subsamples based on 

gender, locale and type of management. 
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5. Selected Noncognitive variables have significant main and interaction effects 

on Achievement in Chemistry for the total sample and the subsamples based 

on gender, locale and type of management.  

6. There exists significant relationship between selected Cognitive variables and 

Achievement in Chemistry. 

7. There exists significant relationship between selected Noncognitive variables 

and Achievement in Chemistry. 

8. Achievement in Chemistry can be predicted from a combination of selected 

Cognitive and Noncognitive variables. 

Methodology in Brief 

 The present study is intended to find out the Influence of Certain Cognitive 

and Noncognitive variables on Achievement in Chemistry among Secondary School 

Students. 

Method 

 Survey method is used for the present study. 

Sample Selected for the Study 

 The data required for the present study were collected from a representative 

sample of 1200 secondary school students from Malappuram, Kozhikode and Kannur 

districts by using stratified random sampling technique giving due representation to 

strata like gender, locale and type of management of the institution. After discarding 
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the incomplete answer scripts, the investigator has selected 1100 secondary school 

students as final sample for the study. 

Tools Used for the Study 

 In order to measure the variables, the following tools were used for collecting 

the data. 

1. Verbal Group Test of Intelligence (VGTI) (Kumar et al., 1997) 

2. Scientific Reasoning Test in Chemistry (Chandran & Jaleel, 2017) 

3. Scale of Self-efficacy in Chemistry (Rani & Saleem, 2020) 

4. Scale of Attitude towards Chemistry (Rani & Saleem, 2020) 

5. Achievement Test in Chemistry (Rani & Saleem, 2020) 

Statistical Techniques for Analysis 

 The statistical techniques used for data analysis are as follows: 

1. Basic Descriptive Statistics 

2. Independent Sample t-Test 

3. Two-way ANOVA (3 × 3 Factorial) 

4. Pearson’s Product Moment Correlation Coefficient 

5. Multiple Regression Analysis 
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Scope and Limitations of the Study 

Scope of the Study 

 The primary aim of the study is to determine the Influence of selected 

Cognitive and Noncognitive variables on Achievement in Chemistry among 

secondary school students. In the light of the research topic, the investigator has 

thoroughly reviewed and evaluated the findings and conclusions of earlier studies. 

The genuineness and relevance of the problem under consideration were also assessed 

in the light of the present Chemistry curriculum, syllabus and text books in use at the 

secondary school level. 

 The study was undertaken with Verbal Intelligence and Scientific Reasoning 

as Cognitive variables, and Attitude towards Chemistry and Self-efficacy in 

Chemistry as Noncognitive variables, all treated as independent variables. 

Achievement in Chemistry was identified as the dependent variable, while gender, 

locale, and type of management were considered as classificatory variables. 

 Therefore, it is expected that the study's conclusions would aid in the revision 

and systematic reform of the secondary school chemistry curriculum. The findings 

and conclusions will also throw light in the development of new instructional 

strategies and techniques, envisaged in the Kerala School Curriculum Revision, and 

the highlights of National Education Policy 2020.  

 In view of the development of information and technology and in the context 

of digital era, the findings will be useful for formulating more effective strategies and 

techniques for implementing continuous and comprehensive evaluation and 

assessment successfully for maximising the outcome based teaching and learning 

chemistry at secondary level.  
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Limitations of the Study 

 To make the study feasible and focused, the investigator confined the scope of 

investigation within the following delimitations: 

1.  The sample of the study was limited to Standard IX secondary school students. 

2.  Only twelve representative schools from the districts of Kannur, Kozhikode, 

and Malappuram were selected for data collection. 

3.  Among the cognitive and non-cognitive variables, only four variables were 

included in the study. 

 The study was also subject to certain limitations beyond the control of the 

investigator. These included variations in teaching quality, instructional methods, and 

availability of school resources, which might have influenced students’ achievement 

in Chemistry, as well as differences in the sincerity of students’ responses to the 

attitude and self-efficacy scales. 

Organisation of the Report 

 The report of the study has been organised into six chapters: 

Chapter I:  Introduction 

 The introductory chapter discusses the rationale of selecting the problem, need 

and significance of the study, statement of the problem, definitions of key terms, 

objectives of the study, hypotheses of the study, methodology in brief, scope and 

limitations of the study, and organisation of the research report.   
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Chapter II:   Review of Related Literature 

 This chapter presents a theoretical overview of the variables selected and 

review of related literature from the areas of selected variables. 

Chapter III: Methodology 

 This chapter presents a detailed description of the methodology followed for 

the present study, namely methods adopted for the study, description of the variables 

selected, sample selected for the study, tools used for data collection, data collection 

procedure, and statistical techniques used for analysis of data. 

Chapter IV: Analysis and Interpretation  

 The detailed analysis and interpretation of the collected data is presented in 

Chapter IV. 

Chapter V: Summary, Findings and Conclusion 

 This chapter presents a brief summary of the study, major findings and 

conclusions. 

Chapter VI: Recommendations and Suggestions 

 The final chapter presents recommendations, educational implications of the 

study and suggestions for further research. 

 The main body of the report is followed by references and appendices used for 

the study. 
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REVIEW OF RELATED LITERATURE 

 

 This chapter provides a brief overview of the theoretical framework of the 

variables selected and an in-depth review of relevant studies connected to the variables 

of the present study. 

Theoretical Overview 

 The theoretical background of each variable selected are presented below:  

Theoretical Overview of Intelligence  

Intelligence - Origin, Meaning and Definition 

 The Latin word intelligentia, or intellects, which implies power of 

understanding, is where the word intelligence originates. The word intellectus became 

the academic technical term for understanding in the Middle Ages.  Intelligence is also 

derived from Latin verb Intelligere means to understand, to comprehend or perceive 

in the Middle Ages, the word intellectus become the scholarly technical term for 

understanding (Harper, 2019). According to Wechsler (1958) the individual differs in 

the degree of there intelligence just as their heart rate or weight. An individual is 

highly intelligent in Egypt might not be considered so in USA for example. Talent for 

oratory was considered as sign for intelligence by ancient Greek and mastery of the 

written word was considered as a sign intelligence in China. Although specific 

definition of intelligence vary from person to person researchers have found that many 

individuals in our societies  share the implicit assumptions about people who are 
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intelligent, such people are described as having a practical problem solving ability, for 

instance the ability to reason logically, keep an open mind and see all sides of a 

problem and having verbal ability, for example, the capacity to express ones ideas 

coherently and clearly, and having the ability to interact with others (Sternberg et al., 

1981). 

Theories of Intelligence 

 One of the first influential theories of intelligence was suggested many years 

ago by Spearman (1927) who applied Sophisticated statistical analysis to the results 

of test scores on many kinds of abilities from reading comprehension to visualisation 

of spatial relationships. The study concluded that the score on any test depends in part 

on an ‘s’ factor, meaning a specific kind of skill at that particular kind of task. But 

people with high level of ‘s’ factor on one task also tend to make high scores on other 

tasks - a fact that the study revealed could only be explained by a pervasive, overall 

mental ability that the author called the ‘g’ factor, or general intelligent factor. 

 Thurston (1938) disagreed the above idea of general intelligence and set out 

to disapprove it. He proposed the theory that intelligence is composed of this general 

factor plus seven specific skills that he called primary mental abilities, namely; 

 Verbal Comprehension. Indicated by the size of vocabulary, ability to read, 

and skill at understanding analogies and the meaning of proverbs (Thurstone, 1938).  

 Word Fluency. The ability to think of words quickly as when making rhymes 

or solving word puzzles (Thurstone, 1938).   
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 Number Facility. The ability to solve arithmetic problems and to manipulate 

numbers (Thurstone, 1938). 

 Spatial Visualisation. The ability to visualise spatial relationships, as in 

recognising a design after it has been placed in a new context (Thurstone, 1938). 

 Associative Memory. The ability to memorise quickly, as in learning a list of 

paired words (Thurstone, 1938).  

 Perceptual Speed. Indicated by the ability to grasp visual details quickly and 

to observe similarities and differences between patterns and pictures (Thurstone, 

1938).  

 Reasoning. The ability to solve problems, draw logical conclusions, and think 

abstractly, often involving novel or complex situations (Thurstone, 1938). 

          People who are skillful at any one of them do not always do well on others. 

The correlations among them are so low. Recent theories also focusses on specific 

rather than general mental abilities, for example, one view proposed by Gardner 

(1983) is that individuals display a set of seven fundamental but separate intelligences, 

linguistic ability, skills in logic and mathematics, the ability to use spatial concept 

music ability, skills in logic and mathematics, the ability to use spatial concepts, 

musical ability skills of motor movement co-ordination, interpersonal skills and the 

ability to understand oneself. 

 Another view advanced by Sternberg (1985) proposes a Triarchic theory of 

intelligence emphasising that intelligence involves the ability to adapt to the particular 
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environment in which analytical, creative and practical aspect of intelligence and the 

ability to apply it in various contexts, in which we find ourselves. 

Theoretical Overview of Verbal Intelligence  

Verbal Intelligence – Origin, Meaning and Definition 

 Verbal Intelligence, also known as verbal aptitude or linguistic intelligence, 

refers to an individual's ability to understand, use, and manipulate language 

effectively. It encompasses a range of language-related skills and capabilities, 

including vocabulary, grammar, syntax, reading comprehension, writing, speaking, 

and the ability to effectively communicate and express ideas. Verbal Intelligence is 

one of the multiple intelligences proposed by Gardner (1983) in his theory of multiple 

intelligences, which suggests that intelligence is not a single, fixed entity but a 

combination of different abilities and talents. The origin of Verbal Intelligence, like 

other forms of human intelligence, is a complex interplay of genetics and 

environmental factors.  Some of the key factors that contribute to the development of 

Verbal Intelligence are as follows: 

 Genetics. Some individuals may have a genetic predisposition for strong 

language and communication skills. This genetic component can influence factors 

such as language acquisition and the ability to process and manipulate linguistic 

information. 

 Early Childhood Environment. A child's exposure to language and 

communication from an early age significantly impacts their Verbal Intelligence. 
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Children raised in environments rich in language, where they are read to, spoken to, 

and encouraged to engage in conversations, tend to develop stronger verbal skills. 

 Education. Formal education plays a crucial role in the development of Verbal 

Intelligence. Schools teach grammar, vocabulary, reading, writing, and critical 

thinking skills, all of which contribute to an individual's verbal aptitude. 

 Socioeconomic Factors. Socioeconomic status can affect a person's access to 

educational resources and opportunities. Individuals from more privileged 

backgrounds may have better access to books, language-rich environments, and 

quality education, which can enhance their Verbal Intelligence. 

 Cultural Influences. Language is deeply influenced by culture, and exposure 

to different languages and cultures can broaden one's Verbal Intelligence. 

Bilingualism or multilingualism, for example, can have a positive impact on verbal 

aptitude. 

 Personal Motivation and Practice. An individual's motivation to improve 

their Verbal Intelligence and their willingness to practice and refine their language 

skills can also play a significant role in its development. 

 Verbal Intelligence refers to Gardner (1983) an individual's capacity to 

effectively use and understand language, encompassing skills such as vocabulary, 

grammar, reading comprehension, writing, speaking, and the ability to express 

thoughts and ideas clearly. It involves the cognitive abilities associated with language 

processing and communication, making it a vital component of human intelligence. 

  



23  Review of Related Literature   

Characteristics of Verbal Intelligence 

 Verbal Intelligence, also known as linguistic intelligence, is characterised by a 

range of cognitive and linguistic abilities related to language. These characteristics are 

as follows: 

 Strong Vocabulary. Individuals with high Verbal Intelligence tend to have an 

extensive and varied vocabulary. They can easily learn new words and use them 

effectively in communication. 

 Grammar and Syntax Mastery. They have a strong grasp of grammar rules 

and sentence structure, allowing them to construct grammatically correct and well-

structured sentences. 

 Reading Comprehension. Verbal Intelligence is often associated with 

excellent reading comprehension skills. People with high Verbal Intelligence can 

understand complex texts, extract key information, and analyze written material 

effectively. 

 Writing Skills. They excel in written communication, demonstrating the 

ability to express their thoughts and ideas clearly and persuasively through writing. 

They often produce well-organised and articulate essays, reports, or creative works. 

 Oral Communication. Individuals with high Verbal Intelligence are skilled 

in oral communication. They can express themselves eloquently, engage in 

meaningful conversations, and communicate their ideas effectively in various social 

and professional settings. 
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 Critical Thinking. Verbal Intelligence is often linked to critical thinking 

abilities. These individuals can analyze and evaluate arguments, identify logical 

fallacies, and engage in meaningful debates. 

 Wordplay and Humour. They may have a talent for wordplay, puns, and 

humour. Verbal Intelligence often includes the ability to recognise and create clever 

linguistic jokes and witticisms. 

 Language Adaptability. Verbal Intelligence extends to adaptability in using 

different languages and dialects. Bilingual or multilingual individuals can switch 

between languages effortlessly and understand cultural nuances in language. 

 Story Telling. People with high Verbal Intelligence excel in storytelling. They 

can captivate an audience through narrative, using vivid descriptions and compelling 

characters. 

 Linguistic Analysis. They can dissect language effectively, analysing texts for 

deeper meanings, rhetorical devices, and literary techniques. 

Theories of Verbal Intelligence 

 Verbal intelligence is a component of human intelligence that relates 

specifically to language-related abilities. While there isn't a single theory exclusively 

to verbal intelligence, some of the theories related verbal intelligence are as follows 

 General Intelligence (g) Theory. Spearman's (1904) theory of general 

intelligence, also known as the "g" factor theory, proposes that there is a single 

underlying factor (g factor) that influences all cognitive abilities, including verbal 
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intelligence. In this theory, individuals who excel in verbal tasks are likely to excel in 

other cognitive domains also. 

 Theory of Multiple Intelligences. Theory of Multiple Intelligences proposed 

by Gardner (1983) representing different cognitive abilities. Verbal intelligence, or 

linguistic intelligence, is one of the intelligences identified by Gardner. It deals with 

individuals' linguistic and language-related abilities. 

 Triarchic Theory of Intelligence. Here verbal abilities are associated with 

analytical intelligence. Sternberg's (1985) Triarchic Theory of Intelligence consists of 

three components: analytical intelligence (related to problem-solving and critical 

thinking), creative intelligence (related to generating novel ideas), and practical 

intelligence (related to adapting to real-life situations).  

 Cattell-Horn-Carroll Theory. Cattell-Horn-Carroll theory (2005) of 

cognitive abilities is a comprehensive model that includes verbal comprehension as 

one of its broad abilities. In this theory, verbal comprehension encompasses 

understanding and using language effectively. 

 Information Processing Theories. Miller’s (1956) theory of Information 

processing theories focus on how cognitive processes, including those related to 

language and verbal tasks, work. These theories examine how individuals perceive, 

encode, store, and retrieve information. Verbal intelligence plays a role in language 

processing and comprehension within these frameworks 
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Theoretical Overview of Scientific Reasoning  

Scientific Reasoning - Origin, Meaning and Definition 

 The origin of Scientific Reasoning can be traced back to ancient civilisations, 

with contributions from various cultures and thinkers throughout history. However, 

the modern scientific method as we know it today emerged during the Scientific 

Revolution of the 16th and 17th centuries, with notable figures like Galileo Galilei, 

Johannes Kepler, and Sir Isaac Newton playing key roles in developing the principles 

of empirical observation, hypothesis testing, and mathematical modelling. Over time, 

Scientific Reasoning has evolved and been refined, incorporating new methodologies 

and tools as technology advanced. 

 Scientific reasoning is a key component of the scientific method, which 

involves investigating natural phenomena, making observations, developing 

hypotheses, conducting tests, and drawing conclusions. It involves a structured and 

logical thought process aimed at understanding and explaining the world around us. 

 Scientific Reasoning is a rigorous and systematic approach to understanding 

the natural world. It emphasises objectivity, repeatability, and the reliance on 

empirical evidence to draw conclusions about the physical and natural phenomena. It 

is characterised by the following key principles: 

 Empiricism. Scientific Reasoning relies on observable, measurable evidence 

as the basis for forming conclusions. It values data obtained through experimentation 

and observation. 
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 Hypothesis Testing. Scientists propose hypotheses that can be tested and 

potentially falsified through experimentation. This distinguishes Scientific Reasoning 

from other forms of reasoning. 

 Openness to Revision. Scientific conclusions are provisional and subject to 

change in the face of new evidence. Scientists are willing to modify or abandon 

hypotheses and theories if they no longer align with the data. 

 Peer Review. Scientific work is subject to peer review by other experts in the 

field to ensure rigour and credibility. 

 Scientific Reasoning can be defined as the process of using critical thinking, 

empirical evidence, and logical principles to: 

 Observe and Collect Data. Scientists begin by making systematic 

observations of natural phenomena and collecting data through experimentation, 

measurement, and observation. 

 Formulate Hypotheses. Based on these observations, scientists develop 

hypotheses or educated guesses about the underlying principles or causes of the 

phenomena they are studying. 

 Design Experiments. Scientists design controlled experiments to test their 

hypotheses. These experiments are carefully structured to isolate specific variables 

and control for other factors that might affect the outcome. 

 Collect and Analyse Data. During the experiments, data is collected and 

analysed to determine whether it supports or contradicts the hypothesis. 
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 Draw Conclusions. Based on the data analysis, scientists draw conclusions 

about whether their hypotheses are supported or refuted. These conclusions are subject 

to critical review and may lead to the revision of existing theories or the development 

of new ones. 

 Communicate Findings. Scientists communicate their findings through 

research papers, presentations, and other forms of dissemination, allowing the broader 

scientific community to evaluate, replicate, and build upon their work. 

Characteristics of Scientific Reasoning 

 Scientific Reasoning is characterised by a set of distinctive features that 

distinguish it from other forms of reasoning. These characteristics ensure that the 

scientific method is a reliable and systematic way to investigate and understand the 

natural world. Here are the key characteristics of Scientific Reasoning: 

 Empirical Observation. Scientific Reasoning relies on direct observations of 

the physical world. It emphasises the collection of empirical data through sensory 

experiences and measurements. This empirical evidence forms the basis for scientific 

conclusions. 

 Systematic and Logical. Scientific Reasoning follows a systematic and 

logical process. It involves the careful design of experiments, the formulation of 

hypotheses, the collection of data, and the application of logical reasoning to draw 

conclusions. 
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 Objectivity. Scientists strive to maintain objectivity by minimizing bias and 

personal beliefs in their research. They use standardised methods and procedures to 

ensure that their observations and measurements areas objective as possible. 

 Falsifiability. Scientific hypotheses and theories must be testable and 

potentially falsifiable. This means that they can be subjected to experiments or 

observations that could prove them wrong. The ability to be proven false is a hallmark 

of scientific claims (Popper, 2005). 

 Replicability. Scientific experiments and observations should be replicable, 

meaning that other researchers should be able to reproduce the results using the same 

methods and conditions. Replication adds credibility to scientific findings. 

 Generalisability. Scientific Reasoning seeks to identify general principles or 

laws that apply beyond the specific circumstances of a single experiment. 

Generalisability allows scientists to make predictions and apply their findings to a 

broader context. 

 Cumulative. Scientific knowledge is cumulative, building upon previous 

discoveries and theories. New research is conducted in the context of existing 

knowledge, and scientific theories are refined and expanded over time. 

 Open to Revision. Scientific conclusions are provisional and subject to 

revision in the light of new evidence. Scientists are willing to adjust or even discard 

theories if they are no longer supported by data. 



  Review of Related Literature 30 

 Peer Review. Scientific work undergoes peer review, where other experts in 

the field critically evaluate research methods, data, and conclusions. Peer review helps 

ensure the quality and reliability of scientific findings. 

 Mathematical and Quantitative. Many scientific disciplines use 

mathematical and quantitative methods to describe and analyze natural phenomena. 

Mathematics provides a precise language for expressing scientific relationships. 

Theories of Scientific Reasoning 

 Scientific Reasoning encompasses various theories and approaches that aim to 

understand and describe the processes involved in scientific inquiry and problem-

solving. Here are some prominent theories and perspectives on Scientific Reasoning: 

 Inductivism. This traditional theory of Scientific Reasoning, associated with 

philosophers like Bacon, suggests that scientific knowledge is built through a process 

of induction. It involves making numerous observations and drawing generalisations 

or theories from these observations. However, inductivism has been criticised for its 

failure to account for the problem of induction and the under determination of theories 

by data. 

 Deductive Reasoning. Deductive reasoning involves starting with general 

premises and using logical rules to derive specific conclusions. While it's not the 

primary method of scientific inquiry, deductive reasoning plays a role in hypothesis 

testing and theory validation. It is particularly important in mathematics and formal 

sciences. 
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 Hypothetico-Deductive Model. Proposed by Hempel (1965) and others, this 

model emphasises the formulation of hypotheses (educated guesses) and the 

deduction of testable predictions from these hypotheses. Scientific Reasoning then 

involves testing these predictions through experimentation or observation. The model 

emphasises the falsifiability of hypotheses. 

 Bayesian Reasoning. Bayesian reasoning (Howson, 2006) is based on the use 

of probability theory to update beliefs and make inferences in light of new evidence. 

It is particularly useful in fields where uncertainty and probability play a significant 

role, such as statistical analysis, machine learning, and decision-making under 

uncertainty. 

 Abductive Reasoning. Abductive reasoning, championed by philosophers 

like Peirce (1998) involves generating the best possible explanation for observed 

phenomena. It often starts with observations or data and seeks to infer the most likely 

hypothesis or explanation that accounts for the observations. Abduction is common in 

hypothesis generation and problem-solving. 

 Popper's Falsificationism. Popper (1959) proposed that Scientific Reasoning 

involves making conjectures or hypotheses and subjecting them to rigorous tests to 

see if they can be falsified (proven wrong). He argued that scientific knowledge 

advances through the rejection of false theories rather than their verification. This 

approach emphasizes the importance of falsifiability and empirical testing. 

 Kuhn's Paradigm Shifts. Kuhn's (2012) theory of Scientific Reasoning 

emphasizes that scientific progress occurs through paradigm shifts. In his view, 
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scientists work within established paradigms or frameworks until anomalies 

accumulate, leading to a crisis and eventually a paradigm shift. During these shifts, 

Scientific Reasoning may undergo fundamental changes. 

 Social Constructivism. This perspective on Scientific Reasoning suggests 

that scientific knowledge is not solely a product of individual reasoning but is 

influenced by social and cultural factors. It emphasises the role of communities of 

scientists, peer review, and consensus- building in the development of scientific 

theories. 

 Inference to the Best Explanation. This theory, proposed by philosophers 

like Harman (1965) and Lipton (2004), posits that Scientific Reasoning involves 

selecting the hypothesis that provides the best overall explanation for the available 

evidence. It involves weighing competing hypotheses and assessing their explanatory 

power. 

 Pragmatism. Pragmatic approaches to Scientific Reasoning, as advocated by 

philosophers like James (1907) and Peirce (1998), emphasise the practical 

consequences of scientific beliefs and theories. Scientific Reasoning is seen as a tool 

for achieving specific goals or solving practical problems. 

Theretical Overview of Attitude towards Chemistry  

Attitude towards Chemistry - Origin, Meaning and Definition 

 The term "attitude" has its origin in the Latin word "aptitudo," which means 

"aptitude" or "fitness." Over time, its meaning evolved to encompass the 

psychological and social concept we understand today. 
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 Attitude refers to Eagly and Chaiken (1993) a person's emotional and cognitive 

evaluation or disposition towards an object, person, group, idea, situation, or any other 

aspect of their environment. It reflects an individual's feelings, beliefs, and 

behavioural tendencies that can be positive, negative, or neutral. 

 The concept of "Attitude towards Chemistry" refers to Collins (2003) an 

individual's feelings, beliefs, opinions, and predispositions regarding the subject of 

chemistry. It encompasses how a person perceives, evaluates, and responds to 

chemistry as a discipline or field of study. Thus, attitude can be positive, negative, or 

neutral and may influence a person's engagement with and success in learning 

chemistry. 

 Attitude towards Chemistry can be defined as Kho (2005) a person's overall 

outlook, emotions, and cognitive evaluations related to the study and practice of 

chemistry. It includes: 

 Affective Component. This aspect involves the emotional responses and 

feelings associated with chemistry. For example, someone with a positive attitude may 

find chemistry exciting and enjoyable, while someone with a negative attitude may 

find it boring or intimidating. 

 Cognitive Component. This component relates to a person's beliefs and 

thoughts about chemistry. It encompasses perceptions of its relevance, importance, 

and difficulty. Someone with a positive cognitive component may believe that 

chemistry is essential and can be mastered with effort, whereas someone with a 

negative cognitive component may see it as unimportant or too complex. 
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 Behavioural Component. Attitude can also influence a person's behaviour 

towards chemistry. It may affect their motivation to study the subject, their willingness 

to seek help when needed, and their persistence in overcoming challenges. 

 An attitude is a mental and neural state of readiness, organised through 

experience, exerting a directive or dynamic influence upon the individual's response 

to all objects and situations with which it is related (Allport, 1935). 

 Allport's definition emphasises several key points such as 

 Mental and Neural State. Attitudes are not directly observable but exist as 

mental and neural states within an individual. 

 Readiness. Attitudes reflect a readiness or predisposition to respond to 

objects, people, or situations in a certain way. 

 Organised through Experience. Attitudes are shaped and organized through 

an individual's past experiences, including social and personal interactions. 

 Directive or Dynamic Influence. Attitudes have the capacity to influence a 

person's behaviour and responses to various objects and situations.  

Characteristics of Attitude towards Chemistry 

 Attitudes toward chemistry Eagly and Chaiken (1993) can vary widely among 

individuals, and they are characterised by several key attributes: 

 Valence. Attitudes toward chemistry can be positive, negative, or neutral. 

Positive attitudes reflect a favorable disposition toward chemistry, while negative 
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attitudes indicate an unfavorable or aversive disposition. Neutral attitudes suggest a 

lack of strong positive or negative feelings. 

 Intensity. Attitudes can vary in intensity. Some individuals may have strong 

and deeply held attitudes toward chemistry, while others may have milder or less 

passionate attitudes. 

 Stability. Attitudes can be relatively stable over time, but they can also change 

or evolve based on experiences, education, and exposure to new information or 

perspectives. 

 Components. Attitudes are multifaceted and typically consist of three 

components: 

 Affective Component. This involves emotional responses and feelings related 

to chemistry, such as excitement, boredom, or fear. 

 Cognitive Component. This includes beliefs, thoughts, and perceptions about 

chemistry, such as its importance, relevance, and difficulty. 

 Behavioural Component. Attitudes can influence behaviour, such as a 

student's motivation to study chemistry, their willingness to participate in chemistry-

related activities, and their persistence in overcoming challenges. 

 Subject-Specific. Attitudes can be subject-specific. An individual's attitude 

toward chemistry may differ from their attitude toward other subjects or areas of 

interest. 
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 Influence on Learning. Attitudes toward chemistry can significantly impact 

an individual's approach to learning the subject. Positive attitudes are often associated 

with greater motivation, engagement, and success in chemistry-related tasks, while 

negative attitudes can hinder learning and achievement. 

Theories of Attitude Toward Chemistry 

 There are several theories and models in psychology and education that 

provide insights into attitudes toward various subjects, including chemistry. These 

theories help explain how attitudes are formed, changed, and how they influence 

behaviour. While there may not be specific theories exclusively focused on attitudes 

toward chemistry, the following psychological and educational theories can be applied 

to understand attitudes toward this subject: 

 Theory of Planned Behaviour (TPB). This theory, developed by Ajzen 

(1991), posits that attitudes, subjective norms, and perceived behavioural control 

collectively determine an individual's intention to perform a behaviour, which, in turn, 

predicts the actual behaviour. In the context of chemistry, this theory can help explain 

how students intend to participate in chemistry-related events or courses are 

influenced by their attitudes, perceptions of social norms, and sense of control. 

 Social Cognitive Theory. This theory, developed by Bandura (1986), 

emphasises the role of social influences and Self-efficacy in shaping behaviour. In the 

context of attitudes toward chemistry, it can help explain how observing others' 

experiences with chemistry and one's perceived ability to succeed in the subject 

influence attitudes and engagement. 



37  Review of Related Literature   

 Elaboration Likelihood Model (ELM). Developed by Petty and Cacioppo 

(1986), this model describes how individuals process persuasive messages and make 

decisions based on the central route (careful, thoughtful processing) or the peripheral 

route (quick, heuristic processing). In chemistry education, this model can be applied 

to understand how different teaching methods and communication strategies affect 

students’ attitudes and engagement. 

 Expectancy-Value Theory. This theory (Eccles & Wigfield, 2002) rooted in 

motivation and decision-making, suggests that attitudes are influenced by 

expectations of success and the perceived value of an activity or goal. In the context 

of chemistry, it can help explain how students’ perception about their ability to 

succeed in chemistry and the perceived value of chemistry in their lives influence their 

attitudes and engagement. 

Theoretical Overview of Self-efficacy in Chemistry  

Self-efficacy in Chemistry - Origin, Meaning and Definition 

 The concept of Self-efficacy was developed by Bandura (1977)  in the field of 

psychology. Bandura introduced the concept of self- efficacy in the 1970s as a part of 

his social cognitive theory, which focuses on the role of self-beliefs in human 

behaviour. This concept is derived from Bandura's broader theory of Self-efficacy, 

which focuses on an individual's beliefs about their capabilities in various domains. 

In the context of chemistry, or any other subject, Self-efficacy would relate to a 

student's confidence in their ability to comprehend and excel in that subject. 
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 In the context of Chemistry, Self-efficacy is the conviction that one can 

comprehend, acquire and carry out task activities or academic endeavours pertaining 

to chemistry easily. It is a particular component Self-efficacy that related to one’s 

confidence and impression of their ability in the subject of Chemistry. 

 In the realm of education, Self-efficacy can be developed and nurtured through 

various means: 

 Mastery Experiences. Successfully completing chemistry tasks, assignments, 

or experiments can boost one's Self-efficacy. As students experience success and 

improvement, their belief in their chemistry abilities grows. 

 Vicarious Learning. Observing others, such as teachers or peers, successfully 

handle chemistry concepts or problems can also enhance Self-efficacy. This is why 

having effective role models or mentors in the field of chemistry can be beneficial. 

 Verbal Persuasion. Encouragement, positive feedback, and supportive 

language from teachers, parents, or peers can influence a student's Self-efficacy 

beliefs. Constructive feedback and praise can build confidence. 

 Emotional and Physiological States. Managing anxiety and stress related to 

chemistry can be crucial. When students learn to regulate their emotions and reduce 

stress, they are more likely to believe in their ability to handle chemistry challenges. 

 Cognitive Appraisals. Helping students develop realistic and optimistic self-

assessments of their chemistry abilities can contribute to higher Self-efficacy. This 

involves addressing and reframing negative or self-limiting beliefs. 
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 Teachers and educational institutions play an important role in developing 

students Self-efficacy and attitude, when it comes to chemistry education. Students 

with high feeling of Self-efficacy in Chemistry is more likely to be interested in the 

subject and will persist in difficulties and ultimately perform better academically. 

 Self-efficacy in Chemistry is the belief an individual holds about their capacity 

to comprehend and excel in chemistry-related endeavors. It encompasses their 

confidence in solving chemistry problems, conducting experiments, understanding 

chemical concepts, and achieving success in chemistry coursework. 

 In terms of Education, Self-efficacy in Chemistry can have a substantial 

impact on a student’s motivation, learning and academic performance. Students with 

strong Self-efficacy in Chemistry are more likely to engage in learning activities, 

persevere through difficulties and do better on assignments pertaining to chemistry. 

 The foundational work on Self-efficacy is primarily found in Bandura’s 

publications and research papers. In this, he outlines the theory of Self-efficacy and 

its implications for understanding human behaviour and motivation. While this work 

does not focus specifically on chemistry, it provides the theoretical framework upon 

which the concept of Self-efficacy in Chemistry is based. 

Characteristics of Self-efficacy in Chemistry 

 Self-efficacy in the context of Chemistry, possesses certain characteristics that 

describe how individuals perceive their own abilities and how these perceptions 

influence their behaviour and performance in the field of chemistry. Here are some 

key characteristics of Self-efficacy in Chemistry: 
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 Confidence. Individual with strong Self-efficacy in Chemistry feel that they 

can comprehend and perform in chemistry related activities effectively. They have 

confidence in their understanding and proficiency in Chemistry. 

 Task-Specific. Self-efficacy beliefs are task-specific. This means that 

individuals may have varying levels of Self-efficacy for different chemistry-related 

activities, such as solving equations, conducting experiments, or grasping complex 

concepts. 

 Impact on effort and Persistence. People with high levels of Self-efficacy in 

Chemistry encourages people to work hard and persevere when facing challenges. 

 Outcome Expectations. Self-efficacy is tied to outcome expectations. 

Individuals with high chemistry Self-efficacy believe that their efforts will lead to 

successful outcomes, such as good grades or a deeper understanding of the subject. 

 Feedback Sensitivity. People with strong chemistry Self-efficacy are more 

open to feedback and view it as away to improve their skills. They see constructive 

feedback as a means to enhance their chemistry proficiency. 

 Vicarious Learning. Observing others succeed in chemistry tasks, especially 

role models or peers, can positively influence one's Self-efficacy in Chemistry. Seeing 

others achieve success can boost one's belief in their own capabilities. 

 Emotional Regulation. High Self-efficacy in Chemistry is associated with 

better emotional regulation. Individuals with strong Self-efficacy tend to experience 

less anxiety and stress when dealing with Chemistry related challenges. 
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 Success and Failure attribution. Chemistry students with strong Self-

efficacy are more likely to attribute success to their own efforts and skills, while 

failures are inclined to external variables that can be changed or improved. 

 Domain Specific. Self-efficacy is domain-specific, meaning that a person's 

belief in their chemistry abilities may not necessarily extend to other subjects or 

domains. 

Theories of Self-efficacy 

 Broader theories of Self-efficacy such as Bandura (1977) Social cognitive 

theory of Self-efficacy, can be applied to understand and study Self-efficacy in the 

context of   Chemistry, researchers frequently apply broad ideas of Self-efficacy in 

the field of Chemistry education.  are some main theories about Self-efficacy in the 

context of teaching chemistry. 

 Social Cognitive Theory (Bandura).  The theory of Self-efficacy is the basis 

for understanding Self-efficacy in any subject, including Chemistry. This idea holds 

that Self-efficacy beliefs influence an individual's motivation, behaviour, and 

performance. 

 Self-Regulated Learning Theories. Self-regulated learning theories, such the 

social cognitive model of self-regulation developed by Zimmerman's (2000) are 

important for comprehending students’ sense of Self-efficacy in Chemistry classes. 

These theories look at how students plan their learning strategies, establish goals and 

track their progress in chemistry tasks, all linked to Self-efficacy beliefs.  
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Theoretical Overview of Achievement in Chemistry 

Achievement in Chemistry – Origin, Meaning and Definition  

 The word "achievement" comes from the Middle English word acheven, 

which means "to finish or complete." It was derived from Old French achever, 

meaning "to bring to an end," with roots in the Latin ad caput venire, which translates 

as "to come to a head" or "to reach the end." The term has evolved over time to focus 

more on the success and accomplishment of goals or tasks (Harper, 2004) 

 The word Achievement denotes something that one has done successfully, 

through hard work or skill. According to Collins dictionary (2022), an achievement is 

something, which someone has succeeded in doing, especially after a lot of effort. It 

is the process of achieving something. 

 Achievement is defined as the act of accomplishing something successfully, 

typically through effort, skill or courage. It refers to the attainment of a goal, milestone 

or standard of excellence. Achievement can be personal, academic or professional and 

are often used as indicators of success (Merriam-Webster.com dictionary, 2022). 

 The concept of achievement tests and standardised testing has evolved over 

time, and it is not attributed to a single originator. However, some key figures and 

developments in the history of achievement testing are worth noting: 

 Francis Galton (1822-1911). Galton (1883) made significant contributions to 

the field of psychological testing. He developed tests to assess sensory acuity and 

reaction time, laying the groundwork for the later development of standardised tests. 
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 Alfred Binet (1857-1911). Binet (1905) a French psychologist, is often 

credited with pioneering the modern concept of intelligence testing. In 1905, he 

developed the Binet-Simon scale, which aimed to assess a child's cognitive abilities 

and intellectual development. While his work primarily focused on intelligence, it was 

an important precursor to achievement testing. 

 Lewis Terman (1877-1956). Terman (1916), an American psychologist, 

adapted Binet's intelligence tests for use in the United States. Terman's revisions of 

the Binet-Simon scale led to the creation of the Stanford-Binet Intelligence Scales, 

which assessed a person's cognitive abilities and intelligence quotient (IQ). 

 The term "achievement test" is quite self-explanatory. It refers to a test 

designed to measure what an individual has achieved or learned in a specific subject 

or area. These tests typically focus on the content and skills that are taught within a 

curriculum or instructional programme. The purpose is to assess how well a person 

has mastered the material and can apply it in practice. Achievement tests are typically 

contrasted with aptitude tests, which assess a person's potential to learn or acquire new 

skills. Achievement test is designed to measure the knowledge and skill among 

students, learned from schools or to determine the academic progress they have made 

over a period of time. 

 Achievement tests have been used in educational and assessment contexts for 

many years. The concept of assessing individuals' achievements and knowledge dates 

back to the early days of formal education. Over time, these assessments became more 

standardised and structured, leading to the development of modern achievement tests. 

The origin of achievement testing can be traced back to the need for objective and 
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consistent measures of educational progress. The origin of achievement tests in 

chemistry, like achievement tests in other subjects, can be traced back to the broader 

history of standardised testing and the need for objective measures of academic 

achievement. 

 The expansion of formal education systems and the requirement to evaluate 

and compare student learning outcomes are related to the development of standardised 

achievement tests. As educational systems changed, teachers and researchers were 

looked for new evaluation methodologies to assess students’ academic performances.  

 Chemistry, as a distinct field of study within science education, would have 

been included in the broader context of educational assessment. Over time, as 

chemistry education became more standardised and curriculum-based, there would 

have been a demand for assessments specifically tailored to chemistry content and 

skills. 

Characteristics of Achievement Test in Chemistry 

 Achievement tests in chemistry, like other achievement tests, are intended to 

evaluate an individual's knowledge and abilities in a particular subject area, or in this 

case, Chemistry. Here are some key characteristics of achievement tests in chemistry: 

 Subject-Specific Focus. Achievement tests in chemistry are subject-specific, 

meaning they concentrate exclusively on assessing the knowledge and skills related 

to chemistry topics. They typically cover a range of chemistry concepts, including 

chemical reactions, atomic structure, chemical bonding, stoichiometry, and more, 
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depending on the level of the test (e.g., high school chemistry, college-level chemistry, 

etc.). 

 Curriculum Alignment. These tests are aligned with the curriculum and 

learning objectives for chemistry education. They assess what students are expected 

to have learned in their chemistry courses, making them valuable tools for educators 

to gauge the effectiveness of their teaching. 

 Content Coverage. Chemistry Achievement tests cover a wide range of topic 

in the field. They frequently consist of questions on applying concept of chemistry to 

real world situations, problem solving techniques, theoretical knowledge and 

laboratory abilities. 

 Standardised Format. Standardised formats often incorporate multiple-

choice short response and essay style questions. Standardisation guaranties 

consistency in test administration and scoring. 

 Scoring and Grading. Achievement tests in chemistry are scored objectively, 

using predetermined criteria. Points are awarded based on the accuracy and 

completeness of the responses. The scoring system may vary depending on the 

specific test, but it's typically designed to provide a clear measure of a student's 

performance. 

 Norm-Referenced or Criterion-Referenced. These tests can be either norm-

referenced or criterion-referenced. Norm-referenced tests compare a student's 

performance to that of a group (the norming group), while criterion-referenced tests 
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assess whether a student has met specific performance criteria or standards (Brown, 

2011). 

 Validity and Reliability. Like all assessments, achievement tests in chemistry 

should be designed, administered, and scored in a way that ensures validity (they 

measure what they are supposed to measure) and reliability (they produce consistent 

results). Test developers typically conduct research to establish these characteristics. 

Review of Related Studies 

 Any research study must include a review of related studies in order to get 

current knowledge about previous ideas and research in the specific field chosen for 

the investigation. It is an essential part in the research process that can articulate and 

support claims about the knowledge in the field of investigation. It helps to know the 

latest developments in the area of knowledge since to be a challenge, especially in the 

context of knowledge exploration, but an understanding of the  present development 

in the area, helps the researcher to expand the knowledge base. 

 It also act as a guideline for the whole research work, it helps the researcher to 

know varies trends and designs of research work done on the topic earlier. This attempt 

also provided the investigator a base for the formulation of objectives, framing the 

hypotheses, defining the problem and knowing delimitations. 

 Based on a detailed analysis of the literature available on the topic of 

investigation, the investigator has classified and carried out and presented under the 

following headings: 
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Studies related to Verbal Intelligence 

Studies related to Scientific Reasoning 

Studies related to Attitude towards Chemistry 

Studies related to Self-efficacy in Chemistry 

Studies related to Achievement in Chemistry 

Studies Related to Verbal Intelligence 

 Albulene et al. (2022) studied the non-Verbal Intelligence and the importance 

of group functioning in developing narrative skills and school success in children aged 

7-9 Years The study aimed to investigate the relationships between non-Verbal 

Intelligence, storytelling abilities, academic accomplishment, and social group 

functioning. Mixed-design study included 109 youngsters as a sample, who were first 

subjected to the sociometric approach to determine which socioeconomic group they 

belong to. Second, the novel "Frog Where Are You?" was used to evaluate their 

narrative abilities. Records of grade point averages have been compiled in the 

corresponding class record books. The findings indicated that there are disparities 

between social group types in terms of academic success and non-verbal IQ. Success 

in school is significantly correlated with nonVerbal Intelligence, narrative ability, and 

other talents. Narrative abilities and nonVerbal Intelligence are predictive of academic 

performance. 

 Deepali and Dubey (2021) analyzed the level of Verbal Intelligence among 

students of government upper primary school'. The goal of the study was to evaluate 

Verbal Intelligence of pupils at Government Upper Primary School in relation to their 

age and family income. 80 kids in all were chosen at random from Kurebhar Block's 
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government Upper Primary schools in Sultanpur. Children's verbal IQ was evaluated 

using the Verbal IQ Test. There were relatively few responders that fell into the Very 

Superior, Superior, Borderline, and Defective categories of Verbal Intelligence, with 

the majority of the youngsters falling into the Normal category. The main result of this 

study was that the majority of males (31.25 percent) and the majority of girls (27.50 

percent) both had normal Verbal Intelligence 

 Allison et al. (2021) explored sources of individual differences in children's 

interest in science. although efforts have been made to encourage children's interest 

in science, little is known about the relationships between science interest and other 

traits like Verbal Intelligence, domain-general epistemic curiosity, and science-

specific curiosity. The study analyzed at the relationship between these variables and 

individual variations in kids' self-reported interest in science-related subjects. 

Children aged 7 to 10 (n = 91) performed tests of Verbal Intelligence, domain-general 

epistemic curiosity, and science-specific curiosity in addition to rating their interest in 

scientific and non-science subjects. A total of 94 children aged 7 to 10 assessed their 

inclination towards science and non-science subjects and finished the science-specific 

curiosity questionnaire. The findings indicated significant relationship between 

individual variations in children's interest in science and scientific curiosity is the 

desire to learn new things and obtain information. 

 Filiz and Bijen (2020) examined the relation between effective communication 

skills and Verbal Intelligence levels of faculty of sport sciences students. This study 

sought to investigate the association between students’ Verbal Intelligence and 

effective communication skills across a range of faculty of sports sciences variables, 



49  Review of Related Literature   

including gender, department, age, academic grade point average (GPA), and method 

of enrolment in the Effective Communication Skills (ECS) course., the correlational 

survey model was employed. The subjects, who volunteered to be university students, 

were selected using a basic random sample technique. The effective communication 

skills scale and the multiple intelligence areas inventory were applied. The outcome 

demonstrated a statistically significant gender difference in effective listening skills 

for female pupils. Regarding the sub-dimensions of Verbal Intelligence, language, and 

self-recognition/self-disclosure, a statistically significant difference was observed in 

favour of the Recreation Department. The age variable revealed a substantial 

difference in favour of the 21–23 age group in the self-recognition/self-disclosure sub-

dimension. Academic GPA revealed a significant difference in the Verbal Intelligence 

sub-dimension, favouring individuals with an academic GPA between 3.15 and 3.57. 

Furthermore, based on the method of completing the ECS course, a noteworthy 

distinction was observed favouring the required course in the sub-dimensions of 

language, self-recognition/self-disclosure, and ego-supporting language. 

Furthermore, a strong and positive correlation was found between students’ verbal IQ 

scores and their ability to communicate effectively. Consequently, it has been 

concluded that the ECS course should be required as part of the curriculum in order 

to support the development of communication skills. 

 Selma et al. (2020) examined how children's verbal and nonverbal abilities 

developed in relation to their capacity to predict, observe, and explain three causal 

processes that are pertinent to physics, biology, and chemistry. Sample: Youngsters (N 

= 107) between the ages of 5 and 11 from Oxford and London, representing a wide 
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range of language and ethnic backgrounds and socioeconomic statuses (SES). 

Techniques: To encourage attention to mechanism, children were evaluated 

individually on causal tasks centred on sinking, absorption, and dissolving. A novel 

approach was adopted in which children witnessed contrasting examples of each 

activity. Additional tests evaluated the participants' non-verbal (block design) and 

verbal (expressive language) skills. The findings of the study are although reports 

varied depending on the task, they improved with age. Even the younger individuals 

provided insightful accounts of what they saw Although they developed more slowly, 

causal explanations had a stronger correlation with observation than with prior 

knowledge-based prediction. Performance was predicted by nonverbal but not general 

verbal competence.  

 Gurcay and Ferah (2017) conducted a study on the effect of multiple 

intelligences based instruction on student's physics achievement and attitudes. 95 

ninth-grade students made up the study's sample, was selected by random sampling 

methods. The sample was split into experimental and control groups, and each 

received instruction using a different approach based on multiple intelligences. Data 

from the sample was gathered using the Force and Motion Achievement Test, the 

Force and Motion Attitude Scale, and the Multiple Intelligence Profile Questionnaire. 

The study came to the conclusion that multiple intelligences-based instruction plays a 

significant effect in students’ academic progress. 

 Nikolaev et al. (2016) conducted a study on the relative Verbal Intelligence 

and happiness, the findings regarding the relationship between happiness and relative 

Verbal Intelligence. Results indicated a small, but significant, positive, and positive 
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association between verbal IQ and happiness from the General Social Survey for a 

large representative sample of Americans. The findings indicated a significant 

correlation between verbal intelligence and happiness, suggesting that individuals 

with superior verbal skills compared to their peers are more like to report higher levels 

of happiness. Even after accounting for a substantial number of socioeconomic 

factors, including relative income, the positional effect of happiness persists. 

 Ahvan and Pour (2016) investigated the correlation of multiple intelligences 

for the achievements of secondary students based on Gardner's Multiple Intelligences 

hypothesis, to determine the relationship between multiple intelligences and the 

academic achievement levels of high school pupils. The research involved descriptive 

correlation. 270 pupils from Bandar Abbas High School were chosen using clustered 

random selection. Regression and descriptive statistics, such as Mean, Standard 

Deviation, Pearson coefficient correlation, were used. The results showed that there is 

a moderate inter-correlation between verbal language, visual-spatial, and academic 

ability. Students’ academic performance and achievement are significantly positively 

correlated with several intelligences such as logical-mathematical, visual-spatial, 

verbal-linguistic intrapersonal, bodily-kinesthetic, interpersonal, and naturalistic 

intelligences. Musical intelligence negatively predicted students’ academic success, 

although many intelligences such as visual-spatial, verbal-linguistic, and interpersonal 

were statistically significant predictors of academic achievement. 

 Shahzada et al. (2014) analyzed the interrelation of multiple intelligences and 

their correlation with students academic achievement. Data was collected through 

random sampling technique and the sample consisted of 905 secondary school 
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students from Khyber Pakhtunkhwa’s southern districts. Data analysis used Pearson’s 

coefficient of correlation. Results indicated that there exist stronger relationship 

between achievement in learning, Verbal Intelligence, and mathematical intelligence.  

 Ramkumar (2012) conducted a study on the effectiveness of multiple 

intelligence approach for enhancing the scholastic achievement of children with 

learning disabilities. The main objective was to examine the relationship between 

intelligence, a teaching strategy based on multiple intelligences, and academic 

accomplishment. The dependent variables are multiple intelligence, scholastic 

achievement, and learning disability. The independent variables in this study are the 

two levels of instructional processes, namely Multiple Intelligence based teaching 

approach and traditional style of teaching. The Learning Disability Assessment Scale, 

Multiple Intelligence Assessment Scale, Achievement Test, Intelligence Test, and 

Interview Schedule were the instruments utilised to collect the data. Forty pupils in 

upper primary made up the sample. The t test, F test, and ANCOVA were among the 

statistical methods utilised. The  findings demonstrated that using a teaching strategy 

based on multiple intelligences can both considerably lessen learning impairments in 

kids and also help them develop their many intelligences. According to the results of 

the study, multiple intelligence and academic achievement are strongly correlated. 

 Boomsma et al. (2007) conducted a longitudinal genetic study of verbal and 

nonverbal IQ from early childhood to young adulthood. The investigators explored 

the mechanisms behind the stability of verbal and nonverbal skills in a longitudinal 

genetic study, as well as the degree to which the relationship between these skills 

grows stronger with age. At ages 5, 7, 10, 12, and 18, Dutch twin pairs had their verbal 
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and nonverbal IQs tested. With correlations with time ranging from 0.47 for the 13-

year time span to 0.80 for shorter time intervals, both verbal and nonverbal abilities 

showed high stability. Age-related increases in heritability were observed by structural 

equation modelling, from 48 percent (verbal) and 64 percent (nonverbal) at age 5 to 

84 percent and 74 percent at age 18. In the results, stability appeared to be primarily 

driven by genetic factors and genes are the only factor that explains why nonverbal 

ability is stable. Results also indicated that the continuity of verbal talents was 

accounted for by shared environmental factors and genetic factors and genes affecting 

both verbal and nonverbal abilities adequately explained the overlap between the two 

types of skills. From early childhood through young adulthood, the genetic association 

between verbal and nonverbal IQ grew from 0.62 to 0.73. 

Studies Related to Scientific Reasoning 

 Csapo (2023) explored inductive reasoning, Scientific Reasoning and science 

motivation, and their role in predicting stem achievement across grade levels. The 

purpose of this study is to look into how children perform at different grade levels in 

the areas of inductive reasoning, Scientific Reasoning, and science motivation. The 

investigator also looked at how these variables interacted with parental characteristics 

to predict STEM achievement in students. 726 students from six secondary schools ’

sixth, eighth, tenth, and eleventh grades were evaluated in a cross-sectional study. The 

results demonstrated that although students’ willingness to learn science fell slightly 

throughout grade cohorts, those in the upper grades outperformed their peers in the 

lower grade cohorts on reasoning exams. The findings of two cognitive tests across 

grade levels showed similar developmental trends, despite the pupils ’superior 
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performance on an inductive reasoning test. In general, we discovered that parental 

education had a beneficial impact on both STEM performance and parental 

involvement in their children's education, and that inductive reasoning and Scientific 

Reasoning were closely related and both significantly influenced STEM achievement. 

Parental participation and science motivation, on the other hand, had a smaller and 

distinct impact on students’ STEM achievement in each grade cohort. In light of this, 

the implications for improving kids ’STEM performance are further explored. 

 Sahin and Oren (2022) conducted a study on laboratory as an instrument in 

improving the Scientific Reasoning skills of pre-service science teachers with 

different cognitive styles. This study looked into how pre-service science instructors 

with various cognitive styles' Scientific Reasoning abilities were affected by 

laboratory applications based on guided inquiry learning approaches. Furthermore, 

views from pre-service science instructors with varying cognitive styles regarding the 

impact of the study's application on the development of their Scientific Reasoning 

abilities were also investigated. Five pre-service science instructors enrolled in a state 

institution in western Turkey made up the sample. The partially mixed sequential 

dominant status design, a mixed-method research design, was employed in the study. 

The Classroom Test of Formal Reasoning was used to assess the participants ’

Scientific Reasoning abilities, while the Group Embedded Figures Test was used to 

ascertain their cognitive styles. Following the application, focus groups were 

conducted to get the participants ’opinions. The investigation revealed that, in 

comparison to individuals with field-independent cognitive styles, those with field-

dependent and field-intermediate cognitive styles achieved more targeted outcomes. 
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Researchers were advised to consider the idea of information processing while 

analysing the possible relationship between this discovery and the applications of the 

guided inquiry learning technique and the hypothetico-deductive reasoning cycle. 

 Prasart (2021) conducted a study on   socio-scientific issues based classroom 

intervention on grade 10 students’ learning achievement and Scientific Reasoning. 

The purpose of this study was to compare pupils in grade 10 in terms of their academic 

performance and scientific thinking. With 90 pupils in grade 10 over two classrooms, 

the subject of “DNA technology” was covered. Comparing learning accomplishment 

and scientific thinking between two learning organizations led to the design of the 

quasi-experimental study. Lesson plans based on socio-scientific problems served as 

research tools, as did achievement tests with 30 items and a 4-choice multiple-choice 

format as well as tests of scientific thinking. Independent t-test was the statistic 

employed to evaluate the hypothesis. The findings showed that there was no difference 

in the students’ learning achievement scores among learning organizations. At the 0.05 

level of statistical significance, socio-scientific-issues-based learning got a higher 

score for Scientific Reasoning than inquiry-based learning 

 Moritz et al. (2020) conducted a study on Scientific Reasoning competencies 

in science teaching. It is required of Australian science teachers to engage their 

students in the inquiry and investigation processes of science. In this article, Scientific 

Reasoning competences are described as the skills required for scientific problem-

solving ("doing") and the ability to reflect on the problem-solving process at a meta-

level ("understanding"). An empirical case study on pre-service teachers' proficiency 

in Scientific Reasoning abilities was conducted at Victoria university. The results 
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suggested that pre-service teachers possess a fair degree of scientific thinking abilities; 

yet, there is no noteworthy rise in this level over the first year of their Master of 

Teaching programme. It is argued that the process of developing Scientific Reasoning 

competencies is lengthy and could be aided by offering opportunities for explicit 

reflection along with a series of relevant problem-solving exercises. 

 Ayu et al. (2020) examined the Scientific Reasoning abilities of eighty-two 

science pre-service teachers at the Universiti Teknologi MARA (UiTM), a public 

university in Malaysia, in the Faculty of Education. Students studying science, 

technology, engineering, and mathematics (STEM) need to strengthen their general 

scientific skills in order to be able to tackle open-ended real-world challenges when 

they are employed in the future. Developing broad scientific skills and strengthening 

content knowledge are two of the teaching objectives in STEM education. Critical 

thinking abilities are included in Scientific Reasoning and are an essential component 

of current science education. Conservative Concept, Proportional Concept, Control 

Variable and Probabilistic Thinking, and Hypothetical-Deductive Reasoning are the 

four areas into which Lawson (1978) divided Scientific Reasoning. For this 

investigation, a Lawson (1978) instrument was modified. The results indicated that 

most science pre-service instructors are not very good at using Scientific Reasoning. 

Additionally, it was discovered that, when it came to the science pre-service 

instructors in the fields of chemistry, biology, and physics, there were no notable 

differences. The findings indicated that biology students exhibited a moderate 

proficiency across all four Scientific Reasoning patterns, whereas physics students 

displayed superior proficiency in Conservative Concept, Proportional Concept, and 
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Hypothetical-Deductive Reasoning. In contrast, chemistry students showed enhanced 

capability in Control Variable and Probabilistic Thinking. 

 Jaleel and Premachandran (2017) examined the relationship between 

Scientific Reasoning and Achievement in Chemistry of secondary school students, to 

determine the association between scientific thinking and chemistry achievement 

among secondary school students, both overall and for the subsample of gender. 

Additionally, they looked into whether there was any gender-based differences in the 

Scientific Reasoning and chemistry achievement of secondary school students. Data 

collection, standardisation, and analysis were all done using the correct statistical 

methods. Sample consisted of secondary school students the Scientific Reasoning Test 

and the Chemistry Achievement Test. The results indicated that Chemistry 

achievement and Scientific Reasoning skills among secondary school students for the 

entire sample and the subsample by gender were significantly positively 

correlated.  Secondary school pupils' Scientific Reasoning does not significantly differ 

dependent on the gender of the subsample.  Secondary school pupils' chemistry 

achievement does not significantly change based on gender. 

 Srisawasdi et al. (2014) conducted a study on effect of gender on 

students Scientific Reasoning. Four co-educational schools in Thailand's north-

eastern region and a total of 400 grade 11 students took part in the study. We looked 

into “students’ Scientific Reasoning” using the Lawson Classroom Test of Scientific 

Reasoning (LCTSR). The findings showed that a student's capacity for scientific 

thinking is not considerably impacted by their gender. The results showed that there 

is room for development in the students’ capacity for scientific thinking. This 
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indicated that to enhance students’ scientific reasoning abilities, science classroom 

pedagogy should prioritise instruction on (i) causal reasoning through hypothesis 

generation, (ii) the design of rigorous scientific experiments, and (iii) the assessment 

of correlation and causation among target variables. 

 Fabby and Koenig (2013) compared student Scientific Reasoning abilities 

with student ability to correctly solve problems. 476 students from the University of 

Cincinnati's first semester introductory physics course made up the sample. Lawson's 

Classroom Test of Scientific Reasoning, or LCTSR, was the instrument utilised. The 

results indicated that, students with stronger reasoning abilities outperformed those 

with average and lower skills in problem solving.  This implied that pupils with 

average and lower levels of reasoning skills would rely more heavily on memorising 

basic steps in order to solve difficulties. The findings also indicated that pupils use 

more formal thought processes are better learners. 

Studies Related to Attitude towards Chemistry 

 Nzomo et al. (2023) conducted a study on relationship between inquiry-based 

learning and students’ attitudes towards chemistry. The purpose of this study was to 

determine whether or not IBL has been utilized to teach chemistry and whether or not 

it has affected students’ attitudes towards the subject. Using a correlational research 

approach, the study included 357 students chosen at random from among the 21 

classrooms these teachers taught, as well as 21 teachers who were purposefully chosen 

for the survey. The findings showed that students had favorable attitudes towards 

chemistry (M=3.945) and that teachers employed IBL once a week (M=4.062). 
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Furthermore, a noteworthy correlation was observed between IBL and students’ 

perspectives regarding chemistry (r=0.997, p<0.05, R²=0.994). 

 Edwige et al. (2021) conducted a study on factors affecting secondary schools 

students’ attitudes toward learning chemistry. This study offered an overview of the 

literature with a focus on the variables influencing the attitudes of secondary school 

pupils towards chemistry. Thirty-six studies covering the years 1977 to 2019 were 

chosen from the Google Scholar and ERIC databases. Students’ views towards 

chemistry were shown to be positively impacted by gender, grade level, and 

instructional techniques most frequently. Nonetheless, in order to determine whether 

there is a relationship between students’ attitudes towards learning chemistry and the 

scientific disciplines, other factors were also examined, including students’ interest, 

the classroom atmosphere, the relevance of the curriculum, teachers ’behavior, 

perceived difficulty, and self-directed effort The results showed that these variables 

needed to be under control in order to enhance secondary students’ positive attitudes 

towards chemistry and to enhance their performance in the subject. 

 Sibomana et al. (2021) analyzed the factors affecting secondary school 

students’ academic achievements in chemistry with the help of 13 articles identified 

between 2011 and 2021. The results of review emphasized how teaching strategies 

affect students’ performance, providing teachers with information about the variables 

influencing students’ performance in Chemistry, common misconceptions about 

Chemistry instruction, and strategies for clearing up misconceptions as well as ways 

to raise students’ academic performance. A review study examining the factors influencing 

students’ academic achievement identified eight key categories: school-related factors, 
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subject content, teacher and student characteristics, innovative teaching methods, class size 

effects, family socioeconomic background, and leadership styles. Students’ misconceptions 

often stem from a lack of interest in the subject and ineffective teaching methods. These issues 

can be addressed by providing teachers with ongoing professional development and structured 

training programmes. Challenges in chemistry education can be mitigated through the 

effective use of innovative teaching strategies, strong school leadership, adequate teaching 

resources, and active parental involvement in students’ learning. 

 Kenni (2019) examined the attitude of female students towards learning of 

chemistry in selected secondary schools In Ikere Local Government Area of Ekiti 

State, Nigeria. The research approach used for the study was a descriptive survey. All 

of the senior high school Chemistry students in Ekiti State's Ikere Local Government 

Area comprised target group. Four hundred twenty (420) students were chosen as the 

sample. A structured questionnaire served as the data gathering tool. The instrument's 

dependability was evaluated utilizing the split-half method of reliability and statistical 

analysis of Pearson Product Moment Correlation. The examination of the data showed 

that there are no appreciable differences in the attitudes of female students in various 

age groups towards learning chemistry; There is a noticeable difference between how 

interested female students are in learning chemistry depending on their age group, but 

there is no discernible difference between how interested female students are in 

learning chemistry depending on their class. It is important to note that the interest 

levels of female students of different ages in learning chemistry are not significantly 

different. However, there is no significant difference in how the female students of 

different ages and classes feel about learning chemistry. 
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 Singh and Bai (2019) explored the scientific attitude of secondary school 

students in West Tripura district. The descriptive survey method of research was 

employed. From seven schools in the West Tripura area, a sample of 110 secondary 

school pupils was randomly chosen. The study found no notable difference in 

scientific attitude between boys and girls. However, factors such as place of residence, 

medium of instruction, and type of school showed significant variations in scientific 

attitude, leading to the rejection of the hypothesis. Students from secondary schools 

in urban areas and schools that used English had a slightly more scientific attitude 

than students from secondary schools in rural areas and schools that used Bengali. 

 Montes et al. (2018) conducted study on explaining secondary school students’ 

attitudes towards Chemistry in Chile. 523 secondary school students from Chile's 

public, privately supported, and privately run schools participated in the study. To 

validate ASCIv2, exploratory factor analysis (EFA) and confirmatory factor analysis 

(CFA) were first used. The CFA findings demonstrated that ASCIv2 maintained the 

two-factor structure and demonstrated the best model fit, however three items from 

the original instrument had to be eliminated. The study also revealed that people's 

attitudes towards science were neither good nor negative, which is a situation that is 

common in other nations. Both multivariate and univariate analyses of variance 

revealed that year group and chemical achievement had a substantial impact on 

attitudes towards chemistry. As student's progress through school, their attitudes 

decline, but as their chemistry grades rise, their attitudes improve, according to 

follow-up analyses. 
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 Wan and Lee (2017) studied Hong Kong Secondary school students’ attitude 

towards science using structural models and by considering gender differences. The 

study indicated that secondary school pupils ’attitudes towards science were examined 

in two different domains. These are the structural models, as well as the function that 

schools provide. 360 Hong Kong ninth-grade students made up the sample. The results 

found that student attitudes towards science and gender disparities are significantly 

influenced by school bands. 

 Kapici and Akcay (2016) analyzed middle school students’ attitude towards 

science, scientists, science teachers and classes. 2063 pupils in grades four through 

eight from all throughout Turkey participated in the study. Assessing attitudes and 

preferences in science (AAPS) scale was the research tool employed. The findings 

indicated that students from western Turkey had a more favorable attitude towards 

science, and that girls are more likely than boys to have this attitude. The reults also 

showed that pupils ’attitudes towards science change according to grade level. 

 Lee and Kim (2016) examined scientific knowledge and attitude towards 

science in South Korea. This study indicated that the relationships between various 

categories of scientific knowledge and various determinants of science attitude. The 

findings showed that South Koreans ’attitudes towards science were negatively related 

to both factual and procedural scientific knowledge. The study also discovered that 

knowledge has a favorable or negative impact on one’s attitude towards science, 

depending on the mediators and type of knowledge used. 
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 Zeidan and Jayosi (2015) analyzed the relationship of science process skill and 

attitude towards science among Palestinian secondary school students .The study also 

indicated that students’ gender and place of residence affected their understanding of 

science process abilities and attitudes towards science. A science process competency 

exam and a questionnaire about scientific attitudes were the tools employed. The 

findings indicated that, there is no discernible difference in attitude towards science 

based on gender or place of residence. Additionally, attitude towards science and 

science process skills were found to be positively connected. 

 Siddiqui (2013) conducted a comparative study of the effects of traditional 

teaching and computer assisted instruction on secondary school students’ attitude and 

achievement in Physical Science. To create three measuring tools-the Physical 

Science Attitude Scale, Computer Assisted Instruction Attitude Scale, and Physical 

Science Achievement Test-and compare the attitudes of students in the control group, 

teacher-centred CAI group (TCCAI), and student-centred CAI group (SCCAI) 

towards physical science at the pre-test and post-test stages, respectively. The sample 

in this study included 210 students in the tenth grade at Aligarh, Uttar Pradesh's 

Ayesha Tarin Modern Public School. The instruments employed were the Computer 

Assisted Instruction Attitude Scale, the Physical Science Achievement Test, and the 

Physical Science Attitude Scale. Statistics were analysed using the t test, ANOVA, and 

ANCOVA. The results of this experimental investigation that the TCCAI group had a 

bigger increase in attitude at the pre-test stage than the other groups when the attitude 

towards physical science of the TCCAI, SCCAI, and control groups were compared. 

The study indicated that the TCCAI group had a much better attitude than the SACAI 
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group, which in turn had a significantly better attitude than the control group, in the 

post-test stage. 

 Sekar and Mani (2013) conducted a study on scientific attitude of higher 

secondary students showed that higher secondary students’ attitudes towards science 

and their choice of permanent residency are significantly different. The results aslso 

showed that urban students greatly differ from rural pupils in terms of where they live 

permanently in scientific attitude. Higher secondary pupils ’attitudes towards science 

fluctuate significantly depending on the sort of school management. The comparison 

of pupils in aided and government schools, showed that higher secondary students 

from unaided institutions demonstrated a more positive attitude towards science. The 

results also indicated that both boys and girls in the biology and computer groups of 

students have a largely consistent attitude towards science. But there was a big 

difference between males and girls in the computer and biology groups in terms of 

thinking abilities. 

 Tortop and Hasan (2013) conducted a study on development of teachers’ 

attitude scale towards science fair. The results of the exploratory factor analysis, 

attitude scale towards science fairs consisted of five components and 23 dimensions, 

including contributions to students’ development, value of education, judgment, bad 

behavior, and mentorship. The results indicated that the newly developed teacher 

attitude scale for assessing educators’ attitudes towards science fairs is a reliable and 

valid instrument. 

 Khan and Ali (2012) conducted a study on higher secondary school students’ 

Attitude towards Chemistry. This study looked at how higher secondary school pupils 
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felt about chemistry, their chemistry instructor, and the ways in which they were 

taught. Similar to academic success, attitude is regarded as a crucial outcome of higher 

secondary education. All of the upper secondary school students in Khyber 

Pakhtunkhwa (Pakistan) comprised the study's population, and 35 second-year 

students from the government higher secondary school Jamrud Khyber Agency were 

included as a convenience sample. The resuls found that although students had 

concerns about the subject of chemistry and the teaching approach, they were 

generally satisfied with their chemistry teacher.  

 Belge and Hatice (2012) examined the students attitudes toward school 

chemistry and the effect of interaction between gender and grade level. There are 197 

kids in the sample, who are in grades 9 through 11. The two components of the scale 

that were identified by principal component analysis were enjoyment of chemistry 

and importance of chemistry. The findings indicated a statistically significant 

interaction effect between gender and grade level on students’ views about school 

chemistry, specifically on enjoyment and a critical component. The findings suggested 

that Turkey falls short of its educational goal of cultivating favorable attitudes towards 

chemistry lessons. 

 Festus and Ekpete (2012) investigated the influence of PBST on students’ 

Performance and Attitude towards Chemistry. The researcher has employed pretest, 

posttest two group research designs in the study. The researcher chose 98 pupils 

between the ages of 14 and 16 from two senior secondary public schools in Obio to 

carry out the study's objectives. Method  divide the sections into groups, the researcher 

divided two sections into experimental groups and control groups. The study observed 
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that problem-based learning techniques can alter students’ performance and attitudes 

towards chemistry after intervention. 

 Hiremath (2011) conducted a study on the interaction effect of student's school 

adjustment, attitude and socioeconomic status on academic achievement in science 

among secondary school students. The objective of the study was to find out the effect 

of students’ attitude, school adjustment and socio economic status on academic 

achievement in science. Ex post facto research design was used for the study. 

Moderator variables were sex, locale and type of management Tools used for the study 

were adjustment inventory, socio economic status scale, science attitude scale and 

achievement test in science. Random sampling technique was used. Sample consisted 

of 500 IX standard students studying in Chikkodi educational district. The interaction 

effects 3-way ANOVA was used here. The results indicated that the students with 

favorable attitudes towards science, high school adjustment and low socioeconomic 

status have more influence on student's academic achievement in science. 

 Hong and Lin (2011) investigated students’ personality traits and attitudes 

toward science. The results showed that across all school levels, female students 

showed greater interest in science and contributed more to teams than their male 

counterparts. The most accurate indicators of students’ attitudes towards science were 

their results on the scales measuring agreeableness, extraversion, and 

conscientiousness.   

 Patil (2011) conducted a comparative study of scientific attitude about 

secondary and higher secondary level students. It focused on secondary and upper 

secondary students’ attitudes towards science. 120 pupils were chosen at random from 
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Navapur town for this study. Students in higher secondary schools who are male and 

female have different attitudes towards science. There is no discernible difference 

between secondary level students and higher secondary level students in terms of their 

attitudes towards science. 

 Etuk et al. (2011) objectified to study achievement and attitude towards 

primary science using constructivist instructional strategy. The study used an 

experimental research approach with two intact groups. In Nigeria's River state's 21 

public primary Senatorial Districts, there were 650 students. Four entire classes from 

four local schools total 180 students in all. Primary Science Achievement Test and 

Primary Science Attitude Scale were utilized by the study's researchers to collect data. 

Analysis of covariance and multiple classification analysis were the types of statistical 

analysis performed in the study. The students who were taught using a constructivist 

instructional technique scored higher on achievement tests and attitude tests than 

students who were taught using an expository strategy. The study found that in terms 

of achievement and attitude, students from urban schools performed better than those 

from rural schools. 

 Aydin and Yilmaz (2010) examined the impact of the constructivist approach 

on students’ attitude towards science education, higher order cognitive skills, and 

gender disparities in their comprehension of the acid-base concept. 300 eighth-grade 

kids made up the sample for the study. Two group pre-post designs was employed. 

The control group received traditional instruction whereas the experimental group 

received 5E learning. Before the experiment began, tests on acid-base knowledge, 

science process skills, and logical thinking were given. As a pre test and post test, the 
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Acid-Base Achievement Test and Attitude Scale towards Science Education were 

used. The findings suggested that the constructivist approach's 5E learning model was 

more efficient in fostering a positive attitude towards science and higher order 

cognitive skills. 

 Charif (2010) analyzed the impact of problem-based learning (PBL) on 

students’ performance and Attitude towards Chemistry.  The pretest posttest 

experimental-control group design was employed by the problem-solver. Students 

from a private school in Lebanon in the seventh grade made up the study's sample. 

Data was gathered using the chemistry achievement test and the attitude 

questionnaire, and it was then examined using the mean, standard deviation, and t-

test. PBL was utilized to instruct the research group, while the control group received 

instruction using the traditional manner. Results showed that putting the PBL 

approach into practice enhances attitude and achievement. 

 Nurulazam and Robertus (2010) had a study entitled improving students 

attitudes toward science using instructional congruence. Specifically in the notions of 

the practical work of science, science outside of school, future participation in science, 

and a combined interest in science, the results demonstrated that instructional 

congruence in science education fosters favorable student attitudes towards science. 

The findings indicated that greater efforts should be made to link science education in 

the classroom with extracurricular science activities. 
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Studies Related to Self-efficacy in Chemistry  

 Mueni et al. (2023) conducted a study on Inquiry-based learning and students’ 

Self-efficacy in Chemistry among secondary schools in Kenya. 357 Form three 

Chemistry students were chosen at random from the 21 classrooms that these 

instructors taught in, and there were a total of 21 Chemistry teachers. A mixed-

methods concurrent triangulation research approach was used. A class observation 

schedule was utilised to appraise the teachers' use of IBL in practical Chemistry 

lessons, and data were collected using an adjusted teachers ’self-reported IBL 

instrument. 26-item test was developed from previously published research to gauge 

students’ Self-efficacy in Chemistry to assess the adequacy of measurement 

instruments, exploratory factor analysis (EFA) and principal component analysis 

(PCA) were utilized. The findings indicated that teachers employed inquiry-based 

learning once per week (median across all subjects = 3.89) and students gave 

themselves high marks for their chemistry Self-efficacy (Mean = 3.929). The total 

outcomes of the correlation and regression analysis showed a significant positive 

association (r = 0.903, p 0.05, R2 = 0.8155) between inquiry-based learning and 

students’ Self-efficacy in Chemistry. 

 Asfaw (2022) investigated the assessment on students’ Self-efficacy, academic 

achievement, locality and gender in chemistry at Woreillu Secondary School. The 

study showed that the students have a medium degree of Self-efficacy (57.8) and rural 

students of both genders outperformed urban students in terms of accomplishment. 

The study found that Self-efficacy and academic achievement varied by gender but 

that local environment had no bearing on students’ Self-efficacy. These results support 
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the Self-efficacy theory, which contends that people are far more likely to succeed at 

tasks they believe they are good at if they do them.  

 Kusumaningtyas and Laksono (2020) examined high school students’ Self-

efficacy towards chemistry and compare it across grade levels. 255 high school 

students from a public senior high school in Blora Regency, Central Java, Indonesia, 

took part in the study.  straightforward random selection method has used. High school 

students’ Self-efficacy towards chemistry was evaluated using the High School 

Chemistry Self-efficacy Scale (HCSS), which combines the Self-efficacy scale for 

cognitive skills (CSCS) and chemistry laboratory (SCL). The results revealed that the 

majority of high school pupils have ordinary levels of Self-efficacy. In both CSCS and 

SCL, students’ Self-efficacy increases with grade level. This finding also utilized to 

predict how well the kids will study chemistry. 

 Jamil and Mahmud (2019) conducted study on Self-efficacy relationship on 

science achievement amongst national secondary school students. The purpose of this 

study was to determined the association between science Self-efficacy and academic 

achievement among students in the Rompin district of national secondary schools.  

Questionnaire and the survey method are used. The study included a total of 191 kids 

from 4 different schools in the Rompin. Both descriptive and inferential statistical 

methods were used to analyse the data. The study  discovered that practical work 

contributed most to students’ Self-efficacy (M = 3.77, SD = 0.572), whereas cognitive 

skills contributed least (M = 3.13, SD = 0.437). Male and female students significantly 

differed in their Self-efficacy in science, according to an independent sample t-test 

analysis. The study also revealed that female students had stronger Self-efficacy (M 
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= 3.49, SD = 0.363) than male students (M = 3.28, SD = 0.384) Self-efficacy and 

Academic Achievement did not significantly correlate, as demonstrated by the 

Pearson correlation tests, where r = 0.124 and p = 0.09.  

 Oyelekan, et al. (2019) conducted a study on relationships among senior 

school students’ Self-efficacy, metacognition and their achievement in chemistry. 300 

senior secondary school II students from Ilorin, Nigeria, were chosen from 10 senior 

secondary schools used. 30 pupils from each of the 10 senior secondary schools that 

were purposefully picked were chosen using a simple random sampling procedure. 

We used the Chemistry Achievement Test, the Chemistry Self-efficacy Questionnaire, 

and the Chemistry Metacognition Questionnaire to get the information. These tests 

had reliability scores of 0.83, 0.73, and 0.86, respectively. At the 0.05 level of 

significance, the assumptions were tested using regression, analysis of variance, and 

Pearson Product Moment Correlation. The results showed a strong positive 

relationship between high school seniors' chemistry skills and their metacognition and 

Self-efficacy, or F (2, 297) = 332.482, p 0.05. 

 Koloa et al. (2017) examined the relationship between academic Self-efficacy 

believed of college students and academic performance. Data collected using a 

questionnaire. A total of 339 respondents, stratified and randomly chosen from the 

College's five faculties, took part in the study. The respondents ranged in age from 19 

to 34, with a mean age of 23.19 (SD=2.64). The results showed that, 80.82 percent of 

the respondents in the college have better levels of academic Self-efficacy. the data 

showed that there was a strong and positive link (r=0.342, p0.01) between students’ 

academic Self-efficacy beliefs and their performance.   
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 Baanu et al. (2016) examined the Self-efficacy and the academic achievement 

of chemistry students in senior secondary schools in Nigeria. Self-efficacy reflects the 

degree to which kids believe that they can effectively perform in school, which is 

usually positively connected with outcome expectations. The study employed an ex-

post facto research and a descriptive survey for 1150 senior secondary school students. 

The findings revealed that there was no correlation between the chemistry students’ 

academic success and Self-efficacy. The results also indicated that in order to achieve 

high academic achievement in chemistry, students’ Self-efficacy needed to be 

supplemented with a factor.  

 Boz et al. (2016) investigated the relationships among students’ Self-efficacy 

beliefs, their perceptions of classroom learning environment, gender, and chemistry 

achievement through structural equation modelling. Samples 356 high school students 

from three separate schools in the same district, ranging in age from 14 to 19. The 

development and evaluation of a structural equation model. Survey on the 

constructivist learning environment and a Self-efficacy scale. The study gathered were 

the students’ gender and prior semester's chemistry grades. The study also  revealed a 

substantial relationship between chemical achievement and students’ ideas about their 

own ability, their judgements of the constructivist learning environment, and their 

gender. The results also demonstrated that students’ assessments of their learning 

environment and their achievement in chemistry were mediated by their ideas about 

their own chemistry Self-efficacy. 

 Erdem (2015) investigated the relationship between the attitudes of chemistry 

teacher candidates towards chemistry in laboratory classes and their Self-efficacy 
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beliefs. Using a relational survey paradigm, the study was conducted. The Chemistry 

Attitude Scale and Chemistry Self-efficacy Scale were used to collect the data. There 

is a meaningful linear relationship between teacher candidates' Self-efficacy scores 

and their attitude scores. Both the Self-efficacy scores and the attitude scores of 

teacher candidates went up as they moved up in grade levels. The results showed that 

this was the case for both simple correlation and one-way analysis of variance in 

independent groups. The findings indicated that chemistry teacher candidates should 

engage in activities that will improve their Self-efficacy, such as information analysis, 

generalization, application of chemistry concepts and skills in chemistry classes, and 

doing things that will help them develop positive attitudes towards chemistry. 

 Icoz (2014) investigated secondary school students’ self - efficacy beliefs 

toward chemistry lessons and how it change across grade levels and gender. 72 female 

and 42 male secondary school students made up the sample. High School Chemistry 

Self-efficacy Scale for Cognitive Skills (CSCS) was developed to assess secondary 

school students’ Self-efficacy views regarding chemistry lectures. The results of the 

two-way ANOVA revealed that secondary school pupils had a medium degree of Self-

efficacy towards chemistry lectures and that there was no discernible difference 

between boys and girls in this regard. The results also revealed that compared to ninth 

graders, tenth and twelfth graders have weaker Self-efficacy beliefs regarding 

chemistry lectures.  

 Cook (2013) examined the Self-efficacy beliefs, attitudes towards general 

chemistry, and their preferences to take future chemistry courses among college 

students. The study also found how much of a variance in students’ intents Self-
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efficacy and attitudes might predict. Sample included 1126 college students. The 

results of the conventional multiple regression analysis, Self-efficacy and attitude are 

both important predictors of the variance in intentions. The findings showed that, Self-

efficacy and attitude are significant motivating factors that should be taken into 

account when attempting to gauge students’ intents to participate and persevere, 

especially in chemistry class. Students with low self-esteem and negative attitudes 

about chemistry won't want to major in the subject. Therefore, chemistry classes 

should be designed by educators at both the secondary and postsecondary levels to 

increase students’ Self-efficacy and attitudes towards chemistry. 

 Tenaw (2013) conducted study on relationship between Self-efficacy, 

academic achievement and gender in analytical chemistry at Debre Markos College 

of Teacher Education. The purpose of this study was to ascertain the degree of 

students’ Self-efficacy, gender differences in Self-efficacy and achievement, and 

relationships between Self-efficacy and achievement for second-year students 

enrolled in Debre Markos College of Teacher Education’s (DMCTE) Analytical 

Chemistry I (ACI) in the autumn of 2012. The Likert scale questionnaire was used to 

collect the data for the Self-efficacy survey. The difference between Self-efficacy and 

achievement by gender is assessed using inferential statistics (t-test), and the 

associations between Self-efficacy and achievement were examined using Pearson 

correlation. The results showed that students have a moderate level of Self-efficacy 

(50.08), and Self-efficacy doesn't differ significantly between sexes (t (98) = 0.161, 

p> 0.1), but achievement does differ significantly between sexes (t (98) = 0.68, p 0.1), 
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and there is a significant link between Self-efficacy and achievement (r=0.385, at the 

0.05 level). 

 Kondakci et al. (2011) examined the relationship between academic success, 

expected grade, the number of chemistry courses taken, participation in a chemistry 

project, and gender in college students’ opinions about their own chemistry abilities. 

488 college students made up the study's sample, and the data were gathered using the 

College Chemistry Self-efficacy Scale (CCSS). The results showed that participation 

in chemistry projects, expected grades, and the number of chemistry courses taken 

were all significant predictors of Self-efficacy beliefs. 

 Senay (2010) investigated the contribution of secondary school students’ 

Chemistry Self-efficacy for Cognitive Skills (CSCS), and Self-efficacy for Chemistry 

Laboratory (SCL), along with some other variables to their chemistry achievement. 

The sample had 604 students-261 males and 343 girls. Self-efficacy Scale for 

Chemistry (Aydi and Uzuntiryaki, 2009). The simultaneous multiple regression 

analysis, the students’ CSCS was a substantial positive predictor of success. The 

findings suggested that teachers should work to support students’ CSCS in chemistry 

classes by giving each student individual attention, teaching the material in a way that 

is understandable to all students, and relating instructional designs to the sources of 

Self-efficacy to enhance students’ Self-efficacy beliefs. The results also help students 

feel confident in their ability to learn the course material. This will improve the 

students’ perceptions of their own efficacy. 

 Kurbanoglu and Akin (2010) conducted a study on relationships between 

university students’ chemistry laboratory anxiety, attitudes, and Self-efficacy beliefs. 
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The study investigated the connections between Self-efficacy, chemistry attitudes, and 

laboratory anxiety. 395 university students took part. The Chemistry Laboratory 

Anxiety Scale, Chemistry Attitudes Scale, and Self-efficacy Scale were all completed 

by the participants. The findings indicated a negative correlation between Self-

efficacy and chemical attitudes as well as laboratory fear. The study also discovered 

that chemical attitudes were favorably related to Self-efficacy. The study also 

indicated that Self-efficacy has a direct and favorable impact on chemical attitudes, 

which in turn has an impact on anxiety in chemistry labs. Finally, negative chemistry 

attitudes were used to explain laboratory fear. 

Studies Related to Achievement in Chemistry 

 Vallespin and Prudente (2023) conducted a study on indicators of senior high 

school students’ performance in online chemistry learning during the COVID-19 

pandemic    In the Philippines, the COVID-19 pandemic compelled both public and 

private schools to move their whole curriculum online. The goal of the study was to 

examine the performance metrics of senior high school students in Northern 

Mindanao, Philippines, who were enrolled in online chemistry courses at both public 

and private universities. A quantitative study was carried out with 100 participants 

utilising an online survey questionnaire. The findings demonstrated that online and 

remote chemistry learning had a statistically significant positive impact on creative 

and innovative thinking (CI), as well as collaborative abilities (CS). Findings 

demonstrated that, from the standpoint of the students, the COVID-19 pandemic 

provided opportunities for students’ performance in online chemistry courses to 

enhance their critical thinking and creative thinking abilities. 
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 Ali and Javaid (2023) conducted a study on Investigating Academic 

Achievements in Chemistry at the Secondary School Level through a Laboratory-

Centred Instructional Approach. This study compared laboratory-centred instruction 

with traditional classroom approaches to examine how Chemistry education could be 

improved in secondary schools. Although lectures and textbooks had been the 

mainstay of science instruction for a long time, using laboratory tools was thought to 

be a more engaging method. The study was carried out in Pakistan, evaluated the 

effects of lesson plans that focused mostly on laboratories on students’ academic 

performance. The results showed that laboratory-based instruction greatly enhanced 

students’ chemistry proficiency. Differences in learning patterns based on gender were 

also observed, highlighting the significance of individualized teaching strategies. This 

study shed light on the effectiveness and advantages of this strategy by showing how 

adding laboratory activities into the curriculum might significantly improve 

Chemistry instruction in secondary schools. This study clarifies how laboratory 

activities might facilitate and improve secondary school students’ understanding of 

Chemistry. 

 Musa et al. (2022) conducted a study on evaluating the impact of chemistry 

practical on students’ performance in chemistry in public secondary schools of 

Nasarawa State Nigeria The study looked into how Chemistry practical affected the 

Chemistry performance of students in public secondary schools in the Nigerian state 

of Nasarawa. In the Nasarawa North Senatorial zone, the study was carried out in 

Akwanga, Nasarawa-Eggon, and Wamba LGA. This study used a quasi-experimental 

design and a quantitative methodology. Pre- and post-test formats were used in the 
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design. Questionnaire was used. A combination of stratified, purposive, and 

systematic sampling techniques was used to choose 15 sample schools from this 

group. 300 SS2 Chemistry students-200 boys and 100 girls-as well as 30 chemistry 

professors participated in the activity. Independent samples t tests and descriptive 

statistics like mean and standard deviation were applied. The performance was 

significantly enhanced when chemistry practical was used in secondary school 

chemistry instruction and learning. The results indicated that students who learned 

chemistry through practical performed significantly better than those who studied 

chemistry without practical.  

 Fanai (2020) examined achievement in science among higher secondary 

school students of Aizawl. The study also determined the current study is to determine 

the science accomplishment levels of upper secondary school pupils and to compare 

gender, government, deficit, and private school performance. The results showed that 

there was no clear difference in how well boys and girls did in science. The study also 

revealed that there was no discernible difference between students attending 

government and private schools, but there was a discernible difference between deficit 

and both government and private schools and students from deficit schools performed 

better than those from public and private institutions.  

 Tanwar (2020) analyzed Achievement in Chemistry at higher secondary stage. 

The current study focuses on students’ success in higher secondary schools in Delhi 

NCR who are studying chemistry. 200 pupils from government and private schools 

make up the sample. The data were analyzed using a two sample t test. The  finding 
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supported a significant gap between government school and private school pupils ’

performance on the chemistry Achievement test. 

 Vivian (2018) reviewed on factors affecting chemistry students performance. 

This study aimed to identify factors influencing the performance of chemistry 

students. Thus, attempts will be made in this chapter to analyse the works and findings 

of other researchers that are pertinent to this study and convenient; conclusions will 

also be drawn under the main headings of the teacher’s academic background and 

level of qualification, the teacher’s sex, the teacher’s workload, and the socioeconomic 

status of the teacher’s parents. 

 Jane and Anditi (2017) conducted the study on effects of computer-based 

simulations teaching approach on students’ achievement in the learning of chemistry 

among secondary school students in Nakuru Sub County, Kenya. Quasi-experimental 

methods was used  and the Solomon Four Non- Equivalent Control Group Design was 

employed. A sample size of 175 pupils from four co-educational schools in Nakuru 

East Sub-County were included in the study. The Chemistry attainment Test (CAT) 

was used in this study to measure the students’ academic attainment levels. The  

findings indicated that, there is a statistically significant difference between students 

who are taught Chemistry using the CBS teaching style and those who are taught using 

the traditional teaching method. Using the CBS teaching methodology, the findings 

also indicated that  statistically significant difference in the achievement of males and 

girls in chemistry.  
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 Santhosh (2015) conducted a study on classroom climate and Achievement in 

Chemistry in relation to certain selected psychological variables. The study used the 

normative survey method. The main variable in this study was chemical achievement, 

whereas the independent factors were classroom atmosphere, parental support, and 

socioeconomic status. 800 higher secondary students studying in the Perambalur and 

Salim districts made up the sample, which was chosen using a straightforward random 

selection procedure. The statistical techniques for data analysis included descriptive 

analysis, differential analysis, correlation analysis, and regression analysis.  The 

results indicated that the climate of the classroom is more strongly influenced by 

chemistry achievement. 

 Brown (2015) conducted a study on attitude to the study of chemistry and its 

relationship with achievement in an introductory undergraduate course in 125 

undergraduates enrolled in an introductory chemistry course as part of a BSc 

Chemistry major, the Attitude to the Study of Chemistry Inventory (ASCI), a validated 

instrument to quantify attitude, was used to measure Attitude towards Chemistry. The 

results showed that there was only one weak positive connection (0.409) between the 

affective score and achievement in the LA group and no link between attitude and 

success in the HA group. 

 Bindu (2013) conducted a study on Apprenticeship Type Learning (ATL) 

model development and its effect on higher secondary school students  Achievement 

in Chemistry. The study's main goals were to create an Apprentice Type Learning 

model for teaching chemistry at the secondary school level, assess how well Higher 
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Secondary students learned the subject using the model, and assess how well the 

model performed in comparison to Direct Instruction. Students in grade XI from two 

districts in Kerala made up the study's entire sample, and it was carried out utilising 

an experimental methodology. ANCOVA was used to compare the ATL model with 

the direct instruction in learning chemistry model. The results indicated that the study 

is that the ATL model improves students’ academic performance and attitude towards 

laboratory experiences while increasing their enjoyment of experimental work. 

 Paramasivam and Mani (2013) conducted a study to find out the influence of 

emotional intelligent on Achievement in Chemistry among higher secondary school 

students. 500 first-year higher secondary students were included in a stratified random 

sample for the study.. The study used the survey method. Correlation and multivariate 

analysis were utilized to determine the emotional intelligence's major impact on 

chemistry achievement. The findings indicated that, there is a strong correlation 

between higher secondary students’ chemical achievement and emotional intelligence. 

It also emphasized how success in chemistry for Higher Secondary students is 

influenced by factors of emotional intelligence such as self-motivation, emotional 

stability, and self-awareness. 

 Tenaw (2010) studied the attitude and achievement of students in chemistry as 

a correlate of teacher classroom management behaviour (TCMB). Five junior 

elementary schools were used to select a random sample of 50 chemistry students and 

5 teachers. Data were gathered using direct observation tools and questionnaires was 

discovered. The findings indicated that TCMB did not significantly correlate with 
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achievement or attitude. It was also  discovered that the TCMB categories of student 

involvement, interest-boosting, and varied instruction had a strong positive and 

significant correlation with chemistry achievement.  

Conclusion 

 The review of the related studies conducted in India and abroad helped the 

investigator to get a thorough and in-depth understanding of the related researches 

carried out in the field of Chemistry education at secondary level. An overall analysis 

of the studies helped the investigator on finalising the topic of the study, identification 

of the variables, framing the objectives and formulating the hypothesis, selection of 

tools and techniques and methodology to be followed. It also helped in moulding the 

findings, interpretations, implications and conclusions. The investigator also ensured 

that no studies have conducted by taking all the selected variables together in a single 

frame. 
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METHODOLOGY 

 

Methodology is the foundation of any scientific investigation. The research 

approach is totally determined by the nature of the problem selected and the type of 

data to be collected in order to solve a specific problem. The success of any research 

study is determined by the methodology used, as well as the tools and techniques 

applied. 

Methodology deals with description of the techniques and procedures 

followed in the study, the tool developed, sample selected, data collected and 

statistical technique employed. Therefore, a carefully constructed and planned 

approach gives the researcher a scientific and practical scheme for solving 

the problem 

This chapter provides a comprehensive summary of the methodology used in 

performing the research, which consists of the following headings. 

• Method Adopted. 

• Variables Selected for the Study 

• Objectives of the Study 

• Hypotheses of the Study 

• Tools used for Data Collection 

• Description of the Tools Employed 
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• Sample Selected for the Study 

• Data Collection Procedure 

• Statistical Techniques Used for Data Analysis 

Method Adopted 

Survey method is used for the present study. The method of selecting data 

from a large number of samples representing a specific population by using various 

data gathering tools is known as survey method. The data thus collected were 

employed for analysis, interpretation and deriving conclusions. 

    According to Best and Kahn (1998), the survey method is a research 

technique used to gather data about people's thoughts, beliefs, behaviours, or 

characteristics by asking questions to a predefined group of individuals. This method 

focuses on gathering quantitative data through standardised instruments, such as 

questionnaires or interviews, to ensure consistent information collection and analysis 

across respondents. 

Variables Selected for the Study 

A variable is a fundamental concept in research, statistics, mathematics, and 

scientific inquiry, representing any characteristic, number, or quantity that can be 

measured or changed. Variables are essential for formulating hypotheses and 

determining relationships between factors in experiments or data analysis.  

In research and experimentation, the dependent variable is the outcome or 

effect that is being studied. It is the variable that is observed and measured to 
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determine how it is influenced by changes in the independent variable. The variable 

that is measured in an experiment; it is expected to change as a result of the 

manipulation of the independent variable (Best & Kahn, 2006). 

In the present study, Achievement in Chemistry among secondary school 

students has been taken as dependent variable. 

An independent variable is a fundamental concept in research and 

experimentation. The researcher manipulates or controls the variable in order to 

observe its impact on the dependent variable. The independent variable is thought to 

cause changes in the dependent variable, which is the outcome being measured. It is 

the variable that is manipulated or controlled in an experiment to test its effects on the 

dependent variable (Best & Kahn, 2006). 

In the present study, the investigator has used selected Cognitive variables 

namely, Verbal Intelligence, Scientific Reasoning and Noncognitive variables 

namely, Attitude towards Chemistry, Self-efficacy in Chemistry as independent 

variables. 

In the words of Best & Kahn (2006), classificatory variables are those that can 

be grouped into categories or classes. These variables are used to sort data into 

different categories without implying any order or ranking among them. 

The results of the research studies have shown that gender, locale of the 

school, and type of management of the school have an influence in differentiating the 

academic achievement among the students. Hence the investigator has included the 

following classificatory variables namely, 
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Gender 

Locale of the school 

Type of management of the school  

Rationale for the Selection of Variables 

The findings of several relevant research reports have shown that most of the 

time, school students are unable to excel in Chemistry due to a multitude of factors. 

The experiences and observations of the investigator, who has been actively engaged 

as a Chemistry teacher, also substantiate this viewpoint. Research on Chemistry 

achievement has consistently revealed that Chemistry is perceived as a difficult 

subject by young students (Ayas & Demirbas, 1994). Students face considerable 

challenges in understanding chemical principles, equations, and formulae. Sibomana 

(2021) observed that secondary school students continue to perceive Chemistry as 

difficult to learn and often develop a negative attitude towards it, leading to poor 

achievement in the subject. 

In understanding students’ Achievement in Chemistry, both Cognitive and 

Noncognitive variables play a critical role. Among cognitive variables, Verbal 

Intelligence and Scientific Reasoning are particularly important. Verbal Intelligence 

is essential for comprehending and interpreting complex chemical terminology, 

understanding theoretical concepts, and solving word-based problems in Chemistry. 

Students with higher Verbal Intelligence are better equipped to process the language 

and structure of Chemistry content. Scientific Reasoning, on the other hand, enables 

students to apply logical thinking, formulate hypotheses, design experiments, and 

interpret data — all of which are fundamental skills for success in Chemistry. Students 



Methodology  87 

possessing strong Scientific Reasoning abilities are more likely to excel in tasks 

requiring critical thinking and problem-solving, which are core to Chemistry learning. 

In addition to Cognitive variables, Noncognitive variables like Attitude 

towards Chemistry and Self-efficacy in Chemistry are equally significant. A positive 

Attitude towards Chemistry can greatly enhance students’ motivation, interest, and 

willingness to engage with the subject matter, thereby promoting better academic 

achievement. Self-efficacy in Chemistry, i.e. students’ belief in their ability to 

successfully perform Chemistry tasks, strongly influences their effort, persistence, 

and academic outcomes. Students with high Self-efficacy are more likely to approach 

challenging tasks with confidence, persist in the face of difficulties, and achieve 

higher levels of performance. 

In view of the above findings, the investigator has selected Verbal Intelligence 

and Scientific Reasoning (Cognitive variables) and Attitude towards Chemistry and 

Self-efficacy (Noncognitive variables) as independent variables. Achievement in 

Chemistry as dependent variable. The investigator has also included gender, locale 

and type of management of the school as classificatory variables. 

Objectives of the Study 

The following are the objectives of the study: 

1. To find out whether there exists any significant difference in the mean scores 

of selected independent variables, namely Verbal Intelligence, Scientific 

Reasoning, Attitude towards Chemistry and Self-efficacy in Chemistry, and 
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the dependent variable, Achievement in Chemistry among secondary school 

students based on subsamples, gender, locale and type of management. 

2. To find out the main and interaction effects of selected Cognitive variables, 

namely Verbal Intelligence and Scientific Reasoning, on Achievement in 

Chemistry for the total sample and subsamples based on gender, locale and 

type of management.  

3. To find out the main and interaction effects of selected Noncognitive 

variables, namely Attitude towards Chemistry and Self-efficacy in Chemistry, 

on Achievement in Chemistry for the total sample and subsamples based on 

gender, locale and type of management. 

4. To find out the extent of relationship between selected Cognitive variables, 

namely Verbal Intelligence and Scientific Reasoning, and Achievement in 

Chemistry among secondary school students. 

5. To find out the extent of relationship between selected Noncognitive variables, 

namely Attitude towards Chemistry and Self-efficacy in Chemistry, and 

Achievement in Chemistry among secondary school students. 

6. To develop a regression equation for predicting Achievement in Chemistry 

based on selected Cognitive and Noncognitive variables. 
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Hypotheses of the Study 

The following are the hypotheses formulated for the study: 

1. There exists significant difference in the mean scores of selected independent 

variables, namely Verbal Intelligence, Scientific Reasoning, Attitude towards 

Chemistry and Self-efficacy in Chemistry, and the dependent variable, 

Achievement in Chemistry among secondary school students based on 

subsample, gender. 

2. There exists significant difference in the mean scores of selected independent 

variables, namely Verbal Intelligence, Scientific Reasoning, Attitude towards 

Chemistry and Self-efficacy in Chemistry, and the dependent variable 

Achievement in Chemistry among secondary school students based on 

subsample, locale. 

3. There exists significant difference in the mean scores of selected independent 

variables, namely Verbal Intelligence, Scientific Reasoning, Attitude towards 

Chemistry and Self-efficacy in Chemistry, and the dependent variable 

Achievement in Chemistry among Secondary School students based on 

subsample, type of management. 

4. Selected Cognitive variables have significant main and interaction effects on 

Achievement in Chemistry for the total sample and the subsamples based on 

gender, locale and type of management. 
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5. Selected Noncognitive variables have significant main and interaction effects 

on Achievement in Chemistry for the total sample and the subsamples based 

on gender, locale and type of management.  

6. There exists significant relationship between selected Cognitive variables and 

Achievement in Chemistry. 

7. There exists significant relationship between selected Noncognitive variables 

and Achievement in Chemistry. 

8. Achievement in Chemistry can be predicted from a combination of selected 

Cognitive and Non -Cognitive variables. 

Tools Used for Data Collection 

The tools of research are the instruments that provide for the collection of data 

up on which hypotheses may be tested (Good,1989). The success of collecting data 

through a tool depends mainly on how proficiently and creatively the tool has been 

designed. 

The following are the tools selected for the study:  

1. Verbal Group Test of Intelligence (VGTI) (Kumar et al., 1997) 

2. Scientific Reasoning Test in Chemistry (Chandran & Jaleel, 2017) 

3. Scale of Self-efficacy in Chemistry (Rani & Saleem, 2020) 

4. Scale of Attitude towards Chemistry (Rani & Saleem, 2020) 

5. Achievement Test in Chemistry (Rani & Saleem, 2020) 
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Description of Tools 

A detailed description of tools used for the measurement of dependent and 

independent variables are presented below: 

Verbal Group Test of Intelligence (VGTI) (Kumar et al., 1997) 

The Variable Verbal Intelligence was measured by adopting Verbal Group 

Test of Intelligence (VGTI) developed by (Kumar et al., 1997). The test consists of 

five components namely Verbal Analogy, Verbal Classification, Numerical 

Reasoning, Verbal Reasoning and Comprehension, that could be completed within 

one hour of time for the subjects between the age group of 10-15 years. Maximum 

score was one hundred and minimum, zero. A composite score attained for the five 

sub tests is treated as the subjects' score of Verbal Intelligence. Each subtests are 

explained with appropriate examples. 

 Test I - Verbal Analogy. The test intended to measure the ability of pupils in 

understanding implied relationships between two sets of words. Questions under this 

category include three words of which the first two have a relationship. The subjects' 

task is to find out the missing word to suit the third one from the given relationship. 

Eg: student: classroom: player: …………… 

A. stadium B. competition C. coach D. play 

A✓ B C D 

 

 Test II - Verbal Classification. In this section, for each item, four words are 

given of which three can be grouped together according to some principles or laws. 
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The subject has to find out the odd man and mark it on the response sheet according t 

to the instruction given. An illustrative item is the following. 

Eg: A. bus B. aeroplane  C. cycle D. lorry 

A B✓ C D 

 

 Test III - Numerical Reasoning. Items in this subtest include series items, 

Odd man out items, and analogy type items. The mental process involved in 

answering this type of items require the perception of some sort of relationship 

holding between the given numbers. Three examples are given. 

Series Type 

Eg:  4, 9, 16, 25, 36 ………… 

A. 39  B. 47  C. 49  D. 59 

A B C✓ D 

 

Odd man out Type 

Eg:      A. 1  B. 5  C. 25  D. 75 

A✓ B C D 

 

Analogy Type 

Eg:  3:5:: 11: …………….. 

A. 12  B. 13  C. 14  D. 15 



Methodology  93 

A B✓ C D 

 

 Test IV - Verbal Reasoning. Items in this type require an exercise of 

reasoning power. As the stem of the item is long, when the subject proceeds with the 

item, a part of it may be forgotten which needs more time for reading and re-reading. 

Such items considerably slow down the speed of reasoning. If carefully attempted, it 

can provide the correct answer within a limited time. An illustrative item is given: 

Eg:  F is the brother of A. C is the daughter of A. K is the sister of F and G is the 

brother of C. Then who is the uncle of G? 

A. F  B. C  C. K  D. A 

A✓ B C D 

 

 Test V - Comprehension. Items of this subtest are in the form of puzzles 

involving several relationships and persons. In this subtest, four types of items are 

included. Under each type of items five questions are given. At first, the subject is 

required to understand and analyse the relationship given in each type of items. Then 

the subject has to choose the right answer for the five questions put at the end of each 

type of item, from the given alternatives and mark it on the response sheet. An 

illustrative example is given: 

 Eg; P, Q, R, S, T and U are sitting in two rows. In each row three persons are sitting 

face to face. The position of R is second from the left side of P. Q and T are 

sitting face to face. R is not the neighbour of Q. S and P are sitting in opposite 

direction. 
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Eg: In the given alternatives, which set of persons are sitting in the same row. 

A. PTR B. PQR C. UTS D. PUS 

A✓ B C D 

 

Validity of the VGTI 

The validity of the Verbal Group Test of Intelligence was established using 

criterion related technique by the developers. The obtained validity coefficients are 

presented in Table 1. 

Table 1 

Validity Coefficients Obtained for Verbal Group Test of Intelligence (Sub-test wise 

and Total test) 

Sl. No. Subtests of VGTI Obtained 'r' 

1 Verbal Analogy 0.5498** 

2 Verbal Classification 0.5436** 

3 Numerical Reasoning 0.5249** 

4 Verbal Reasoning 0.4041** 

5 Comprehension 0.4606** 

6 Intelligence - Total 0.6557** 

**P < 0.01 

Reliability of the VGTI 

Reliability of the VGTI was established by the developers of the tool using the 

Split-half method and the reliability coefficient was corrected using Spearman Brown 
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Prophecy formula. The reliability coefficients of the five subtests and the total test are 

given in Table 2. 

Table 2 

Reliability Coefficients Obtained for Verbal Group Test of Intelligence (Sub-test wise 

and Total test) 

Sl. No. Subtests of VGTI Obtained 'r' 

1 Verbal Analogy 0.6636** 

2 Verbal Classification 0.5649** 

3 Numerical Reasoning 0.7214** 

4 Verbal Reasoning 0.6328** 

5 Comprehension 0.4700** 

6 Intelligence - Total 0.8283** 

**P<0.01 

Re-establishing the Validity of the VGTI 

The validity of the Verbal Group Test of Intelligence was re-established using 

criterion related technique. Performance of students in midterm examination was used 

as the external criterion. To obtain the concurrent validity of the VGTI, the obtained 

score is compared with the midterm exam score. The midterm examination scores 

were used as the external criterion, as they included substantial assessment of verbal 

reasoning, comprehension, and language skills, which are closely related to Verbal 

Intelligence. The product-moment correlation obtained between these two tests score 

is 0.76. It shows high validity of the tool. Since the content was adapted from reputed 

tests of Verbal Intelligence, the VGTI possesses high level of content validity as 

reported by the test constructors. 
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Re-establishing the Reliability of the VGTI 

Reliability of the VGTI was re-established using the Split-half method and the 

reliability coefficient was corrected using Spearman Brown Prophecy formula. The 

reliability coefficients of the five subtests and the total test are given in Table 3. 

Table 3 

Re-established Reliability Coefficients Obtained for Verbal Group Test of Intelligence 

(Subtest wise and Total test) 

Sl. No. Subtests of VGTI Obtained 'r' 

1 Verbal Analogy .77** 

2 Verbal Classification .73** 

3 Numerical Reasoning .78** 

4 Verbal Reasoning .65** 

5 Comprehension .83** 

  Total .88** 

**P<0.01 

The obtained ‘r’ value reveals the high degree of correlation between the 

scores. Thus, the test is highly reliable in the present scenario also. The internal 

structure of the VGTI was also examined by correlating the component wise score 

with Total score on the VGTI. The inter correlation matrix is presented in Table 4. 
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Table 4 

Inter Correlation of the Components of Verbal Group Test of Intelligence with Total 

Score 

Sl. 
No. 

Components 
Verbal 

Analogy 
Verbal 

Classification 
Numerical 
Reasoning 

Verbal 
Reasoning 

Comprehension Total 

1 
Verbal 

Analogy 
- .728** .570** .514** .535** .813** 

2 
Verbal 

Classification 
 - .624** .522** .503** .815** 

3 
Numerical 
Reasoning 

  - .669** .698** .867** 

4 
Verbal 

Reasoning 
   - .642** .799** 

5 Comprehension     - .829** 

 

The magnitude of the correlation coefficient obtained for the inter-component 

correlation ranges between 0.50 and 0.73. It shows that the selected components are 

distinct yet related and contribute meaningfully to the construct of Verbal Intelligence. 

The correlation between the total Verbal Intelligence score and the components also 

shows a moderate to strong correlation. 

The validity and reliability of the test suggest that the test has acceptable 

psychometric qualities to measure Verbal Intelligence of the sample. A copy of the 

Malayalam and English versions of the Verbal Group Test of Intelligence along with 

the Response sheet and Scoring key are presented in Appendices I, II, III and IV 

respectively. 

Scientific Reasoning Test in Chemistry (Chandran & Jaleel, 2017) 

The variable Scientific Reasoning was measured by adopting the Scientific 

Reasoning Test in Chemistry developed by (Chandran & Jaleel, 2017). The tool was 
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prepared on the basis of dimensions as significant in predicting the Scientific 

Reasoning ability of students such as, Problem Identification, Inductive Reasoning, 

Deductive Reasoning, Interpretation of Results/Data and Making logical conclusions.  

The final form of the Scientific Reasoning Test consists of 26 items with a 

total 45 scores, carefully organised into five basic components. Each component 

represents a separate aspect of scientific thought and investigation. Problem 

Identification and Inductive Reasoning examine the capacity to recognise and 

generalise patterns from observations, whereas Deductive Reasoning evaluates the 

application of general principles to specific cases, resulting in a higher weightage in 

marks. Interpretation of Results/Data assesses the capacity to analyse and comprehend 

empirical information, whereas Making Logical Conclusions assesses the ability to 

draw logical inferences based on evidence. This distribution ensures a thorough 

assessment of a learner's Scientific Reasoning ability across several cognitive 

processes. An illustrative of items included in the test is given below 

1. What is the total number of hydrogen atoms in Cyclohexane? 

a) 6  b) 10  c) 12  d) 8 

2.  Which are the elements giving high reactivity towards acid and water? . 

a) Fe & K b) Na & K c) K & N d) Na & Zn 

3.  Which form of carbon dioxide is used as a freezing agent? 

 a) Graphite  b) Carborundum  c) Dry Ice  d) Charcoal 

4.  From which components, proteins are made up of? 

 a) Nucleic acid  b) Nitrates  c) Amino Acids  d) Nitric Acid 



Methodology  99 

5.  The reason behind the use of chlorine for drinking water purification: 

a)  The oxidising property of chlorine 

b)  The reducing property of chlorine 

c)  High density of chlorine 

d)  The dehydrating nature of chlorine 

Validity of Scientific Reasoning Test 

The test developers have reported that each measuring item aligns clearly with 

the conceptual domain of Scientific Reasoning as per the expert’s judgment. 

Therefore, the test demonstrates strong face validity. The degree to which the content 

is valid is assessed by an objective comparison of the test items with curricular 

content. Since the test is prepared giving due weightage to content and components 

and as it was subject to expert judgment, content validity of the test is ensured. 

Reliability of Scientific Reasoning Test 

Reliability of Scientific Reasoning test was ensured by the developers using 

Test-retest reliability method. The value of correlation coefficient for total test items 

is reported as 0.99. The correlation coefficients for various components of Scientific 

Reasoning are Problem Identification (0.90), Inductive Reasoning (0.97), Deductive 

Reasoning (0.96), Interpretation of Results/Data (0.97) and Making logical 

conclusions (0.95). The correlation coefficient values indicate that the Scientific 

Reasoning Test demonstrates high reliability. 

Additionally, the internal consistency of the test was evaluated using 

Cronbach's alpha (α). The Cronbach's alpha coefficient for the entire test was reported 
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as 0.99, signifying excellent internal reliability. The component-wise Cronbach’s 

alpha values were: Problem Identification (0.94), Inductive Reasoning (0.98), 

Deductive Reasoning (0.98), Interpretation of Results/Data (0.98), and Making 

Logical Conclusions (0.97). These results confirm that the Scientific Reasoning Test 

possesses a high level of internal consistency and reliability. 

Re-establishing the Validity of the Scientific Reasoning Test 

 According to expert assessment, every item on the exam is clearly in line with 

the conceptual area of Scientific Reasoning, demonstrating the test's strong face 

validity. To determine content validity, the items are evaluated objectively to the 

course material. Because the test was created with attention for relevant content and 

components and was reviewed by specialists, its content validity is assured.  

Re-establishing the Reliability of the Scientific Reasoning test 

The reliability of the Scientific Reasoning Test was reestablished using the 

Test–retest method, which evaluates the stability of scores over time (Mcntire & 

Miller, 2007). The same test was administered to a sample of 50 secondary school 

students after a two-week interval. The scores from both administrations were 

analysed using Pearson’s product-moment correlation coefficient, yielding a 

reliability coefficient of 0.89. This high correlation indicates that the Scientific 

Reasoning Test possesses strong reliability. The final version of the Scientific 

Reasoning Test, along with the Response Sheet and Answer Key, are provided in 

Appendices V, VI, VII, and VIII, respectively. 
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Scale of Attitude towards Chemistry (Rani & Saleem, 2020) 

The scale of Attitude towards Chemistry was constructed and standardised by 

the investigator with the help of supervising teacher. This scale is designed to measure 

students’ Attitudes toward Chemistry. 

Planning and Preparation 

The concept of Attitude towards Chemistry refers to an individual’s feelings, 

beliefs, opinions and predispositions regarding the subject of Chemistry. It 

encompasses how a person perceives, evaluates and responds to Chemistry as a 

discipline or fields of study. Thus, attitude can be positive, negative or neutral and 

may influence a person's engagements with and success in learning Chemistry. 

Positive attitudes are often associated with greater motivation, engagement and 

success in Chemistry-related tasks, while negative attitudes can hinder the process of 

learning Chemistry. Here, Attitude towards Chemistry can be defined as a person's 

overall outlook, emotions and cognitive evaluations related to the study and practice 

of Chemistry. It involves the emotional responses and feelings associated with 

Chemistry, it also includes a person's beliefs and thoughts about Chemistry. 

Based on the literature reviewed and considering the theories of Attitude 

towards Chemistry, the investigator decided to construct and standardise an 

appropriate tool for assessing the attitude of students towards Chemistry. For the 

purpose of constructing the items, the investigator identified four specific dimensions 

in Chemistry, viz., Nature of Chemistry, Chemistry as a subject of study in the 

classroom situation, Chemistry related co-curricular activities and Evaluation 
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practices in Chemistry. The four dimensions were chosen based on a thorough 

understanding of the complex nature of students’ attitudes towards the subject: the 

nature of chemistry, chemistry as a subject of study in the classroom, chemistry-

related extracurricular activities, and evaluation practices in chemistry. Together, 

these factors reflect the fundamental areas that have a big impact on how students 

view and interact with chemistry. While Chemistry as a subject of study in the 

classroom captures students’ experiences with teaching methods, learning 

environments, and interactions in formal academic settings, Nature of Chemistry 

addresses students’ conceptual and emotional responses to the subject's inherent 

characteristics and relevance.  Informal and extended learning opportunities, such 

scientific fairs and clubs, are examples of chemistry-related extracurricular activities 

that can boost motivation and interest outside of the conventional classroom.  Finally, 

chemistry evaluation processes are linked to students’ opinions about how 

assessments are conducted, their perception of fairness, and their exam anxiety, all of 

which have a significant impact on how they view the world in general.  When taken 

as a whole, these factors provide a comprehensive and equitable method of evaluating 

attitudes towards chemistry. By giving equal consideration to each category, 47 

preliminary items were prepared. Brief description of dimension selected along with 

the illustration of items from that dimension is presented below: 

 Nature of Chemistry. This dimension measures the students’ attitude towards 

the subject Chemistry including Chemistry likeness, interest, feelings towards 

Chemistry and Chemistry in media.  

Eg: Chemistry is one of the most difficult subjects in science 
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 Chemistry in the Classroom Situations. This dimension measures Attitude 

towards Chemistry teacher, teaching learning experiences in Chemistry, Chemistry 

Laboratory, homework, Library functioning, relevant books and magazines. 

Eg: I tend to be more interested in Chemistry as it is more related to life. 

 Chemistry Related Co-curricular Activities. This dimension measures the 

attitude of students towards Science fair, Science club, Science books fair, Websites 

on Science Programmes, Quiz Programmes on Science and Programmes on the 

contribution of Scientists.   

Eg: I am sure that Chemistry students can contribute more in environmental protection 

programmes.  

 Evaluation and Assessment Practices in Chemistry. This part of the items 

measures the Attitude towards Chemistry like Chemistry examination, assessment 

practices, submission of projects, assignments, action research and practical 

examinations. 

Eg: I feel very sad when I fail in Chemistry exams.  

Pilot Testing and Item Analysis 

For the purpose of standardisation of the tool, the investigator has selected 370 

students randomly giving importance to gender, locale and type of management. After 

getting permission of the authorities concerned, the tool was administered among the 

students. Necessary instructions were given to the candidates. They were asked to 

respond to each item of the statement in terms of Agree, Undecided and Disagree. The 
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response alternatives are weighted 3,2,1 respectively. While scoring, the scores on 

negative items would reverse. The scores were organised for the item analysis. 

The investigator executed the procedure recommended by Likert (1932) for 

item analysis in order to evaluate the effectiveness of items in the Scale of Attitude 

towards Chemistry. The total scores were arranged in descending order, and 370 

response sheets were arranged for the item analysis. For the purpose of item 

discrimination, the top 27 percent (high scorers) and the bottom 27 percent (low 

scorers) were identified. t-values were calculated by comparing the mean scores of 

the two groups in order to ascertain the discriminating power of each item. Items with 

a t-value of 1.96 or higher were deemed to possess acceptable discriminative power. 

Hence 42 out of 47 items were accepted, with scores exceeding 1.96. 

Validity and Reliability  

Validity and Reliability of the Scale of Attitude towards Chemistry was 

established. Details of the validity and reliability are presented below.  

The items in the Scale of Attitude towards Chemistry were developed based 

on an extensive review of relevant literature and through consultation with the 

research supervisor and subject matter experts in the field of chemistry education. The 

content and relevance of each item were critically evaluated by the panel of experts in 

chemistry, who unanimously endorsed the scale for its appropriateness and alignment 

with the intended construct. Hence, the scale demonstrates strong content validity, as 

it adequately represents the domain of students’ attitudes towards chemistry from both 

theoretical and practical perspectives. 
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The reliability of the tool was established using the test–retest method, which 

assesses the consistency of results over time. The same tool was re-administered to 

the same sample of 50 participants after a two-week interval. To evaluate the stability 

of the scores, Pearson’s product-moment correlation coefficient was calculated, 

yielding a reliability coefficient of 0.85. This high correlation value indicates that the 

tool has good temporal stability and can be considered reliable for measuring the 

intended construct. 

A copy of the final versions of the scale of Attitude towards Chemistry in 

Malayalam and English including the response sheet are provided as Appendices IX, 

X and XI respectively. 

Scale of Self-efficacy in Chemistry (Rani & Saleem, 2020) 

The scale of Self-efficacy in Chemistry was constructed and standardised by 

the investigator with the help of supervising teacher. This scale measures the efficacy 

beliefs of secondary school students in Chemistry. 

Planning and Preparation 

Bandura (1977), a cognitive psychologist introduced the concept of Self-

efficacy as a part of his Social Cognitive Theory which focuses on the role of self-

beliefs in human behaviour. Self-efficacy refers to an individual’s belief in their own 

ability to accomplish a specific task or achieve a particular goal. It is a cognitive 

construct that influences motivation, behaviour and performance in the context of 

Chemistry or any other subject. If a student has a strong sense of Self-efficacy, they 

are more likely to engage with subject and ultimately perform better academically. 
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Self-efficacy in Chemistry is the belief an individual holds about their capacity to 

comprehend and excel in school Chemistry-related activities. It will boost the 

students’ confidence in solving Chemistry-related problems, conducting experiments, 

understanding chemical concepts and motivating students in learning Chemistry. 

Self-efficacy in the context of Chemistry can be understood and studied 

through the application of broader theories such as Bandura's Social Cognitive Theory 

of Self-efficacy. But there may not be specific theories of Self-efficacy exclusively 

for Chemistry. Based on the literature reviewed and considering the specific theories 

of Self-efficacy, the investigator aimed to construct and standardise an appropriate 

tool for assessing the efficacy beliefs of students in Chemistry. 

For item construction, the investigator identified four key dimensions of 

Chemistry: Nature of Chemistry, Chemistry as a subject in the classroom, Chemistry-

related co-curricular activities, and Evaluation practices in Chemistry. By giving due 

consideration for each of the dimensions, the investigator developed 39 statements as 

initial items. Here, respondents are asked to read and react the series of statements 

regarding efficacy beliefs in Chemistry in terms of degrees of frequency. Brief 

description of dimension selected along with the illustration of items from that 

dimension is presented below: 

 Nature of Chemistry. This measures the efficacy beliefs of students regarding 

memory and competence in Chemistry learning and clarifying doubts.  

Example: 

1.  I used to discuss doubts related to Chemistry lessons with my friends. 
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2.  I find it difficult to read and understand Chemistry. 

3.  I try to remove the difficulties faced by my classmates regarding the study of 

Chemistry. 

 Chemistry in Classroom Context. This dimension measures the efficacy 

beliefs of students based on the questions asked by teachers and the students 

responses, Learning experiences in the classroom and in the Laboratory, Exercises 

and Assignments and Peer tutoring. 

Example:   

1.  I can present papers in Chemistry-related seminars. 

2.  I can identify exactly what different equipments and chemicals are in a 

Chemistry lab. 

3.  I am able to help my classmates in observational experiments in Chemistry 

Lab. 

 Chemistry Related Co-Curricular Activities. The statements under this 

category, prepared based on Chemistry related co-curricular activities measure the 

efficacy beliefs of students regarding the Science clubs, Chemistry-related social 

issues like air pollution, environmental issues and Chemistry in day-to-day life. 

1.  I use the knowledge gained through Chemistry when I buy things like soap, 

detergent etc. from the shops for household purposes. 

2.  I am aware of new possibilities or opportunities in Chemistry. 

3.  I can do any type of work related to Chemistry. 
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 Evaluation Practices in Chemistry. This part of the statements measures the 

efficacy beliefs of students regarding the assessment practices, problems related to 

examination anxiety, achievement motivation, writing of assignments and submission 

of projects. 

Example: 

1. I feel a sense of hope when I think about the skills it takes to become a chemist. 

2. I believe even before the exam result comes that I can achieve high success. 

3.  I am able to complete learning activities appropriately. 

Pilot Testing and Item Analysis 

For the purpose of standardisation of the scale, the investigator selected 370 

students. The selected students were instructed to respond to each item of the 

statement in terms of Agree, Undecided and Disagree. The response alternatives are 

weighed 3, 2, 1 respectively. While scoring, the scores on negative items would 

reverse. The scores were arranged for item analysis. 

For item analysis, the investigator adopted the procedure suggested by Likert 

(1932) to examine the effectiveness of items in the Self-efficacy Scale for Chemistry. 

Responses were collected from 370 students, and the total scores were arranged in 

descending order. The top 27 percent (high scorers) and the bottom 27 percent (low 

scorers) were identified for the purpose of item discrimination. To determine the 

discriminating power of each item, t-values were computed by comparing the mean 

scores of the two groups. Items with a t-value of 2.58 or above were considered to 

have acceptable discriminative power and thus out of 39 Items 37 items having scores 
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greater than 2.58 were accepted. Hence a total of 37 items were considered for the 

final test. 

Validity and Reliability 

The validity of 37 items in the scale were established based on the authentic 

literature reviewed. The investigator also consulted with selected experts in the field 

as well as the supervising teacher. The content and relevance of each item were 

critically evaluated by the panel of experts in chemistry, who unanimously endorsed 

the scale for its appropriateness and alignment with the intended construct. Hence, the 

scale demonstrates strong content validity, as it adequately represents the domain of 

students’ Self-efficacy in Chemistry from both theoretical and practical perspectives. 

The Scale of Self-efficacy in Chemistry was administered to 50 secondary 

school students twice, with a two-week interval between administrations. The 

responses were collected, scored, and analysed using Pearson's product-moment 

correlation, yielding a correlation coefficient of 0.82. This high correlation confirms 

that the scale demonstrates strong reliability. 

A copy of the final versions of the scale of Self-efficacy in Chemistry in 

Malayalam and English and Response Sheet are appended as Appendices XII, XIII 

and XIV. 

Achievement Test in Chemistry (Rani & Saleem, 2020) 

For the present study, the investigator constructed and standardised an 

Achievement Test in Chemistry to assess the Achievement in Chemistry among IX 

standard students. As an initial step, the investigator consulted with the supervising 
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teacher, senior Chemistry teachers, and subject experts to discuss key aspects such as 

the content selection, and the systematic steps involved in the development of the test. 

Details of construction and standardisation of the achievement test in chemistry is 

describes as follows.  

Planning of the Test 

After determining the scope of the test, a design was developed. Accordingly, 

based on the blue print prepared, the investigator referred to the IX standard Chemistry 

text book and pooled 90 multiple choice items for the draft tool. These questions were 

analysed by the senior Chemistry teachers and experts in the field, in terms of its 

objectives, content, level of questions, marks and estimated time, 10 items were 

discarded and 80 items were selected for the draft test. Instructions for the students 

were also given in the test. Thus, the draft test contains 80 multiple choice items and 

the students were asked to put a tick mark in the separate score sheet provided. 

Detailed description on blueprint as follows. 

Weightage to Content 

Questions from seven areas of IX standard chemistry textbook viz. Structure 

of Atoms, Chemical Bonding, Redox & Reactions and rate of chemical reactions, 

Periodic table, Acid bases salts, Non-Metals and The world of Carbon were polled 

based on the relative importance of content areas. The details of the content and their 

relative weightage are presented below: 
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Table 5 

Content and their Relative Weightage 

Sl. No. Content Marks Percentage 

1. Structure of Atoms 21 27 

2. Chemical Bonding 9 11 

3. Redox & Reactions and rate of 
chemical reactions 

6 8 

4. Periodic table 9 11 

5. Acid bases salts 13 16 

6. Non-Metals 13 16 

7. The world of Carbon 9 11 

 Total 80 100 

 

Weightage to Educational Objectives 

It was decided to give relative weightage to different objectives based on 

Blooms classification. The details of the weightage given to the specification of 

objective are presented below. 

Table 6 

Weightages given to the Educational Objectives 

Sl. No. Educational Objectives Marks Percentage 

1. Remembering (R) 19 24 

2. Understanding (U) 19 24 

3. Applying (Ap) 16 20 

4. Analysing (An) 13 16 

5. Evaluating (E) 8 10 

6. Creating (C) 5 6 

 Total 80 100 
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Weightage to Difficulty Levels 

While constructing the test, due consideration was given to the three levels of 

students in a Classroom namely, Above average, average and below average. The test 

will cater to the needs of all these categories. Weightage given to the difficulty levels 

of questions is presented below. 

Table 7 

Details of Weightage to Difficulty Levels 

Sl. No. Level of Difficulty Marks Percentage 

1. Easy 24 30 

2. Average 35 44 

3. Difficult 21 26 

 Total 80 100 

 

Preparation of the Draft Blue Print  

The investigator took due care in the preparation of a draft blue-print which 

presents the concrete details of its design. The distribution of questions was 

represented across three dimensions of the blueprint: objective-wise, content-wise, 

and level of difficulty. Details of the draft blue print is presented below. 
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Table 8 

Details of the draft Blue-Print  

Sl. 
No. 

Content 
Objective Categories 

Total 
R U Ap An E C 

1 Structure of Atoms 5 5 4 3 2 2 21 

2 Chemical Bonding 2 2 2 1 1 1 9 

3 Redox & Reactions and rate of 
chemical reactions 2 2 2 0 0 0 6 

4 Periodic table 2 2 2 2 1 0 9 

5 Acid bases salts 3 3 3 2 2 0 13 

6 Non-Metals 3 3 2 3 2 0 13 

7 The world of Carbon 2 2 1 2 1 1 9 

 Total 19 19 16 13 9 4 80 

 

Preparation of the Final Test 

The draft version of the test comprised 80 multiple-choice questions. 

However, only 60 items were planned for retention in the final test. To choose the best 

items, standardisation procedure were adopted. This procedure includes assessing 

each question's difficulty level and discriminating power. Based on the results of item 

analysis, 60 high-quality items were carefully selected to construct the final version 

of the Chemistry Achievement Test. 

Item Analysis 

For the standardisation process, the test was administered on a random sample 

of 370 Students of IX standard from Kozhikode district by giving due representation 

to gender, locale and type of management. Following the administration of the draft 

test, the responses were assessed, and the sum of the scores on each response sheet 
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was recorded. Subsequently, the total scores were sorted in descending order, and the 

top 27 percent and bottom 27 percent are distinguished based on their relative 

positions. To facilitate analysis, the top 27 percent (100) of the sheets with the highest 

score and the bottom 27 percent (100) of the sheets with the lowest score were selected 

and designated as the upper group (U) and lower group (L) respectively. 

Determining the Difficulty Index of an Item 

The difficulty index of an item is defined as the percentage of students who 

answered it correctly. A higher percentage of correct responses indicates an easier 

item. To determine the difficulty index, the total number of correct responses from 

both the upper and lower groups is calculated and then converted into a percentage. 

The formula used to compute the difficulty index is: 

Di = (U + L) / 2N 

Where: 

Di = Difficulty Index 

U = Number of correct responses in the upper group 

L = Number of correct responses in the lower group 

N = Number of students in each group 

Determining the Discriminating Power 

The discriminating power of an item refers to its ability to distinguish between 

high-performing (upper group) and low-performing (lower group) students. This is 
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assessed by comparing the number of correct responses in the two groups. A greater 

difference in correct responses indicates stronger discriminating power. The 

discrimination index is calculated by converting this difference into a standardised 

value using the formula: 

DP = (U – L) / N 

Where: 

DP = Discrimination Power 

U = Number of correct responses in the upper group 

L = Number of correct responses in the lower group 

N = Number of students in each group 

Finalization of the Test 

For the finalization of the test, a difficulty index 0.40 and above were 

considered and the discriminating power 0.40 were considered to be having 

satisfactory difficulty index and discriminating power. Thus, the investigator selected 

60 items for the final test. The time was fixed as 60 minutes. The necessary 

instructions were given at the beginning of the test. A scoring key for the final test 

was also prepared. The blue print for the final test is presented below, 

Weightage to Content 

The details of the content and their relative weightage are presented below: 
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Table 9 

Content and their Relative Weightage 

Sl. No. Content Marks Percentage 

1. Structure of Atoms 16 26 

2. Chemical Bonding 8 13 

3. Redox & Reactions and rate of chemical 
reactions 

3 5 

4. Periodic table 7 12 

5. Acid bases salts 7 12 

6. Non-Metals 10 17 

7. The world of Carbon 9 15 

 Total 60 100 

 

Weightage to Educational Objectives 

 The details of the weightage given to specifications of objective are presented 

below. 

Table 10 

Weightage given to the specifications of Educational Objectives 

Sl. No. Educational Objectives Marks Percentage 

1. Remembering (R) 17 28 

2. Understanding (U) 15 26 

3. Applying (Ap) 11 18 

4. Analysing (An) 8 13 

5. Evaluating (E) 6 10 

6. Creating (C) 3 5 

 Total 60 100 

 

Weightage to Difficulty Levels 

Weightage given to the difficulty levels of questions is presented below. 
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Table 11 

Details of Weightage to Difficulty Levels 

Sl. No. Level of Difficulty Marks Percentage 

1. Easy 15 25 

2. Average 28 47 

3. Difficult 17 28 

 Total 60 100 

 

Preparation of the Final Blue Print  

 The investigator took due care in the preparation of a final blue-print which 

presents the concrete details of its design. The distribution of questions was 

represented across three dimensions of the blueprint: objective-wise, content-wise, 

and level of difficulty. Details of the final blue print is presented below. 

Table 12 

Final Blue Print of the Test 

Sl. 
No. 

Content 
Objective Categories 

Total 
R U Ap An E C 

1 Structure of Atoms 5 4 3 2 1 1 16 

2 Chemical Bonding 2 2 1 1 1 1 8 

3 Redox & Reactions and 
rate of chemical 
reactions 

1 1 1 0 0 0 3 

4 Periodic table 2 2 2 1 0 0 7 

5 Acid bases salts 2 2 2 1 0 0 7 

6 Non-Metals 3 2 2 2 1 0 10 

7 The world of Carbon 2 2 2 1 1 1 9 

 Total 17 15 13 8 4 3 60 
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Table 13 

Question wise analysis for the final test 

Q.No Content Area Objective Difficulty Level 

1 Structure of Atoms R Easy 

2 Structure of Atoms R Easy 

3 Structure of Atoms R Average 

4 Structure of Atoms U Average 

5 Structure of Atoms U Difficult 

6 Chemical Bonding R Easy 

7 Chemical Bonding U Average 

8 Chemical Bonding Ap Average 

9 Periodic Table R Average 

10 Periodic Table U Difficult 

11 Acids, Bases and Salts R Easy 

12 Acids, Bases and Salts U Average 

13 Acids, Bases and Salts Ap Average 

14 Non-Metals R Easy 

15 Non-Metals U Average 

16 Non-Metals Ap Difficult 

17 Structure of Atoms An Average 

18 Structure of Atoms An Difficult 

19 Structure of Atoms E Difficult 

20 Chemical Bonding An Average 

21 Chemical Bonding E Difficult 

22 Chemical Bonding C Difficult 

23 Redox Reactions and Rate of Reactions R Easy 

24 Redox Reactions and Rate of Reactions U Average 

25 Redox Reactions and Rate of Reactions Ap Average 

26 Periodic Table R Easy 

27 Periodic Table U Average 

28 Periodic Table Ap Difficult 

29 Acids, Bases and Salts R Easy 
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Q.No Content Area Objective Difficulty Level 

30 Acids, Bases and Salts U Average 

31 Acids, Bases and Salts Ap Difficult 

32 Non-Metals An Average 

33 Non-Metals An Difficult 

34 Non-Metals E Difficult 

35 The World of Carbon R Easy 

36 The World of Carbon U Average 

37 The World of Carbon Ap Average 

38 The World of Carbon An Difficult 

39 The World of Carbon E Difficult 

40 The World of Carbon C Difficult 

41 Non-Metals R Easy 

42 Non-Metals U Average 

43 Non-Metals Ap Average 

44 Acids, Bases and Salts R Average 

45 Acids, Bases and Salts U Difficult 

46 Acids, Bases and Salts Ap Difficult 

47 Periodic Table An Average 

48 Periodic Table An Difficult 

49 Periodic Table R Easy 

50 Periodic Table U Average 

51 Non-Metals R Easy 

52 Non-Metals U Average 

53 Non-Metals Ap Difficult 

54 Non-Metals An Difficult 

55 Non-Metals E Difficult 

56 Structure of Atoms R Easy 

57 Structure of Atoms U Average 

58 Structure of Atoms Ap Difficult 

59 Structure of Atoms An Difficult 

60 Structure of Atoms C Difficult 
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Validity and Reliability of the test. 

 Achievement test in chemistry was constructed in accordance with the existing 

IX standard chemistry text book and syllabus of Kerala state. The investigator strictly 

followed the blueprint and the predetermined objectives while developing the test. 

The investigator also consulted with selected experts in the field as well as the 

supervising teacher. The content and relevance of each item were critically evaluated 

by the panel of experts in chemistry, who unanimously endorsed the scale for its 

appropriateness and alignment with the intended construct. Hence, the scale 

demonstrates strong content validity, as it adequately represents the domain of 

students’ Achievement in Chemistry from both theoretical and practical perspectives. 

 Reliability of the Achievement Test in Chemistry was established by 

administering the test to 50 secondary school students twice, with a three-week 

interval between administrations. The responses were collected, scored, and analysed 

using Pearson's product-moment correlation, yielding a correlation coefficient of 0.80. 

This high correlation confirms that the scale demonstrates strong reliability. A copy 

of final version of Achievement Test in Chemistry in Malayalam and English along 

with response sheet and answer key are provided in Appendix XV, XVI, XVII and 

XVIII respectively.  

Sample Selected for the Study 

 Selection of a sample is an integral part of any scientific research. The 

reliability of the research findings solely depends on the sample selected. A good 

sample of a population is one which will reproduce the characteristics of the 
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population with great accuracy. In the present study investigator selected an initial 

sample of 1200 students from Malappuram, Kozhikode and Kannur revenue districts. 

Stratified random sampling technique is accepted as the procedure for the selection of 

sample. 

The Initial Sample 

 Based on the characteristics of entire population, an initial breakdown of a 

tentative sample was determined, and it was chosen over a basal sample of 1200 

students. The distribution of the initial sample based on gender, locale and 

management was done as per table 14 given below. 

Table 14 

Details Regarding Break up of Initial Sample 

Gender Locale Type of Management 

Male Female Rural Urban Govt. Aided 

N % N % N % N % N % N % 

551 46 649 54 689 57 511 43 621 48 579 52 

Total N 1200 Total N 1200 Total N 1200 

 

 The details of the data presented in table 14 indicate that the sample consists 

of 551 male and 649 female of which 689 were from rural setting and 511 from urban 

setting, with respect to type of management of the school 621 from government school 

and 579 from aided school. 

The Final Sample 

 The data from the initial 1200 sample were examined and scrutinised and the 

incomplete data score sheets were discarded. The remaining 1100 sample, found 
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complete and correct in respect of all the necessary information required, were chosen 

for analysis. The data available for 1100 sample were used for final analysis. The 

details of the breakup of the final sample in terms of gender, locale of the institutions 

and type of management of the schools are presented below in table 15 

Table 15 

Details Regarding the Break up the Final Sample 

Gender Locale Type of Management 

Male Female Rural Urban Govt. Aided 

N % N % N % N % N % N % 

500 46 600 54 658 60 442 40 591 54 509 46 

Total N 1100 Total N 1100 Total N 1100 

 

 The table 18 shows that the sample consists of 500 male and 600 female of 

which 658 were from rural setting and 442 from urban setting. With respect to type of 

management of the school, 591 were from government schools and 509 from aided 

schools. 

Data Collection Procedure 

 After finalizing the sample and tools to be used, arrangements for data 

collection were made after seeking permission from the school authorities. 

 The investigator personally met the Headmaster concerned and Teachers of 

the selected schools to ensure their co-operation.  The investigator reviewed test 

manuals and references to familiarise herself with the procedures before conducting 

the tests. Copies of the test booklets and the answer sheets in the final form in 

sufficient numbers were prepared. 



Methodology  123 

 The investigator administered all the tools with the help of school teachers of 

IXth standard students.  An interval of 10 minutes was allowed in between the 

administration of the tools. Uniform and systematic procedure was adopted in 

administering all the tools in the different selected schools. The collected data sheets 

were systematically arranged for further processing and scoring. A few incomplete 

answer sheets were identified and eliminated. Thus, a sample of 1100 was available 

for analysis. 

Statistical Techniques for Analysis 

 Statistical Techniques refer to methods used to collect, analyse, interpret and 

organise data. These techniques help in understanding data, trends, making 

predictions, testing hypothesis and in making informed decisions based on numerical 

information. 

 The statistical techniques used for data analysis are as follows: 

1.  Basic Descriptive Statistics 

2.  Independent Sample t-Test 

3.  Two-way ANOVA (3 × 3 Factorial) 

4.  Pearson’s Product Moment Correlation Coefficient 

5.  Multiple Regression Analysis 
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Basic Descriptive Statistics 

 Basic descriptive statistics involve the calculation of measures of dispersion, 

such as standard deviation, and measures of central tendency, such as mean, median 

and mode. For each independent and dependent variable, the values for skewness and 

kurtosis were determined. Additionally, descriptive statistics were adopted for the 

entire sample and pertinent subsamples separately, namely male-female, rural-urban, 

and government-aided secondary school students. The nature of the distribution of 

independent and dependent variables was also determined by using descriptive 

statistics. 

Independent Sample t-Test 

 The means of two unrelated groups were compared using an independent 

sample t-test to see if there was a statistically significant difference. The dependent 

variable is assumed to be continuous and regularly distributed for both groups in this 

test. The t-test assisted in determining whether the observed group differences were 

statistically significant or could be explained by chance. In the present study, the mean 

difference of dependent and independent variables based on gender, locale and type 

of management was also calculated using independent sample t-test. 

Two-way ANOVA (3 × 3 Factorial) 

 The main effect and interaction effect of two independent cognitive variables, 

namely, Verbal Intelligence and Scientific Reasoning on the dependent variable were 

estimated using two-way analysis of variance. Three fixed factors were identified for 

each of the independent variables. Verbal Intelligence was classified into low, 
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moderate and high Verbal Intelligence category. The levels of Scientific Reasoning 

were low, moderate and high Scientific Reasoning. As such, Data was analysed using 

3x3 ANOVA, which includes two independent variables at three levels. Data were 

examined for the entire sample and for male, female, urban, rural, government, and 

aided secondary school students. Scheffe's post hoc test was used to compare 

significant F values. 

 Similarly, main effect and interaction effect of two independent Noncognitive 

variables namely, Attitude towards Chemistry and Self-efficacy in Chemistry on the 

dependent variable, Achievement in Chemistry were estimated using two-way 

analysis of variance. Three fixed factors were identified for each of the independent 

variables. Attitude towards Chemistry was classified into low, average and high-level 

Attitude towards Chemistry category. The levels of Self-efficacy in Chemistry were 

low, moderate and high Self-efficacy in Chemistry. Hence 3x3 ANOVA, with two 

independent variables at three levels was used to analyse data. Data were analysed for 

total sample and separately for male, female, urban, rural, government, and aided 

secondary school students. The significant F value was subjected to Scheffe's test of 

post hoc comparison. 

Pearson’s Product Moment Coefficient of Correlation 

 The relationship between each independent variable, Verbal Intelligence, 

Scientific Reasoning, Attitude towards Chemistry, and Self-efficacy in Chemistry and 

the dependent variable, Achievement in Chemistry was determined by using Pearson's 

Product Moment Coefficient of Correlation. 
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Multiple Regression Analysis 

 Multiple regression analysis was used to predict the independent factor’s 

individual and joint contributions to the dependent variables. Multiple regression was 

performed using the enter approach, in which all independent variables were input 

simultaneously. A regression equation was also created to predict the dependent 

variable using the selected independent factors. 
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ANALYSIS AND INTERPRETATION 

 

This chapter deals with analysis of data and interpretation of results. ‘Analysis 

of data is the heart of research report’ (Best, 2007). ‘Analysis of data means studying 

the organised material in order to discover inherent facts. The data are studied from 

as many angles as possible to explore the new facts’ (Koul, 1984). This process 

involves a number of closely related operations that are performed with the objectives 

of summarising the collected data and organising these in such a way that they yield 

answers to the research questions. 

The major objective of the study is to investigate the influence of specific 

Cognitive and Noncognitive variables on Achievement in Chemistry among 

secondary students. The cognitive variables under scrutiny include Verbal 

Intelligence and Scientific Reasoning, while the Noncognitive variable analysed are 

Attitude towards Chemistry and Self-efficacy in Chemistry. The statistical techniques 

employed for the major analysis in this study are independent sample t-test, two-way 

ANOVA, Pearson’s Product Moment Correlation Coefficient and Regression 

analysis.  

Analysing the data through statistical techniques allows for a rigorous 

examination of the relationships between the selected variables and Achievement in 

Chemistry. The two-way ANOVA serves as a powerful tool for exploring the main 

effects and interactions of the Cognitive and Noncognitive variables on students’ 
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chemistry performance. By considering these variables simultaneously, the ANOVA 

analysis helps to determine their individual and combined contributions to the 

observed outcomes. 

Furthermore, multiple regression analysis provides a comprehensive 

assessment of the unique influence of each variable while controlling for potential 

confounding factors. This technique allows for the estimation of the specific effects 

of Verbal Intelligence, Scientific Reasoning, Attitude towards Chemistry, and Self-

efficacy in Chemistry on students’ Achievement in Chemistry. The results of the 

regression analysis will enable a clearer understanding of the relative importance of 

these variables in predicting chemistry performance among secondary school 

students. 

In the following sections of this chapter, will present and interpret the results 

of the analyses, providing an in-depth understanding of the relationships between the 

Cognitive and Noncognitive variables and Achievement in Chemistry. 

Preliminary Analysis 

As an initial step in the analysis, preliminary examination was carried out to 

determine the score distribution of Cognitive variables such as Verbal Intelligence, 

Scientific Reasoning, Noncognitive variables such as Attitude towards Chemistry and 

Self-efficacy in Chemistry and Achievement in Chemistry among secondary school 

students. Important descriptive statistics, including the mean, median, mode, standard 

deviation, Skewness and kurtosis, for total sample and relevant subsample were 

calculated. The data and resulting statistics are presented below as Table 16 to 20. 
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Table 16 

Descriptive Statistics of the Variable Verbal Intelligence for Total Sample and 

Relevant Subsample 

Statistics Total Male Female Rural Urban Government Aided 

N 1100 500 600 658 442 591 509 

Mean 52.99 47.46 57.59 52.66 53.47 55.80 49.73 

Median 52.00 46.00 57.00 51.00 53.00 56.00 49.00 

Mode 50.00 20.00 57.00 50.00 57.00 31.00 52.00 

Std. Deviation 19.06 19.04 17.81 19.03 19.10 19.44 18.08 

Skewness .079 .391 -.101 .133 -.001 -.099 .260 

Kurtosis -.977 -.782 -.913 -.918 -1.05 -1.01 -.800 

 

The results displayed in Table 16 above provide the descriptive statistics for 

Verbal Intelligence among secondary school students. The mean 52.99, median 52 

and mode 50 values for Verbal Intelligence for total sample are almost equal. The 

skewness of the distribution is 0.079, indicating a slight positive skew. The calculated 

kurtosis value is -0.977, indicating platy kurtic distribution. Collectively, these 

findings indicate that the scores for Verbal Intelligence of the total sample do not 

deviate significantly from a normal distribution. 

The mean, median and mode values for Verbal Intelligence are almost equal 

among male, female, urban, rural, government and aided secondary school students.  

Among male, rural and aided secondary school students, the indices of skewness and 

kurtosis indicate a slightly positively skewed and platykurtic distribution. On the other 

hand, among female, urban and government secondary school students, the indices of 

skewness and kurtosis suggest a slightly negatively skewed and platykurtic 
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distribution. The obtained values of descriptive statistics indicate that the data for all 

subsamples exhibit characteristics that are close to a normal distribution. 

Figure 1 and Figure 2 presents a histogram and P-P Plot for the total sample 

respectively. 

Figure 1 

Smoothed Frequency Curve of Verbal Intelligence for the Total Sample 
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Figure 2 

P-P Plot of Verbal Intelligence for the Total Sample 

 

Visual inspection of the histogram with normal curve and P-P Plot suggest 

that data is not largely deviated from normality 

Descriptive statistics of the variable Scientific Reasoning in Chemistry is 

presented in Table 17. 
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Table 17 

Descriptive Statistics of the Variable Scientific Reasoning in Chemistry for Total 

Sample and Relevant Subsample 

Statistics Total Male Female Rural Urban Government Aided 

N 1100 500 600 658 442 591 509 

Mean 16.20 15.16 17.06 16.02 16.45 17.56 14.61 

Median 14.00 14.00 14.00 14.00 14.00 16.00 14.00 

Mode 12.00 12.00 14.00 12.00 10.00 12.00 12.00 

Std. Deviation 7.90 7.36 8.24 7.63 8.30 8.52 6.79 

Skewness 1.06 1.27 0.91 1.28 0.80 0.86 1.26 

Kurtosis 0.81 1.62 .363 1.78 -.237 .189 1.79 

 

The results displayed in Table 17 above provide the descriptive statistics for 

Scientific Reasoning in Chemistry among secondary school students. The mean 

16.20, median 14 and mode 12 values for Scientific Reasoning in Chemistry for total 

sample are almost equal. The skewness of the distribution is 1.06, indicating a positive 

skew. The calculated kurtosis value is 0.812, indicating lepto kurtic distribution. 

Collectively, these findings indicate that the scores for Scientific Reasoning in 

Chemistry of the total sample do not deviate significantly from a normal distribution. 

The mean, median and mode values for Scientific Reasoning in Chemistry are 

almost equal among male, female, urban, rural, government and aided secondary 

school students.  Among male, female, rural, government and aided secondary school 

students, the indices of skewness and kurtosis indicate a slightly positively skewed 

and leptokurtic distribution. On the other hand, among urban secondary school 

students, the indices of skewness and kurtosis suggest a slightly positively skewed 
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and platykurtic distribution. The obtained values of descriptive statistics indicate that 

the data for all subsamples exhibit characteristics that are close to a normal 

distribution. 

Figure 3 and Figure 4 presents a Histogram with a normal curve and P-P Plots 

for the total sample respectively. 

Figure 3 

Smoothed Frequency Curve of Scientific Reasoning in Chemistry for the Total Sample 
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Figure 4 

P-P Plot of Scientific Reasoning in Chemistry for the Total Sample 

 

Visual inspection of the histogram with normal curve and P-P Plot suggest 

that data is not largely deviated from normality. 

Descriptive statistics of the variable Attitude towards Chemistry is presented 

in Table 18 
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Table 18 

Descriptive Statistics of the Variable Attitude towards Chemistry for Total Sample 

and Relevant Subsample 

Statistics Total Male Female Rural Urban Government Aided 

N 1100 500 600 658 442 591 509 

Mean 93.03 91.62 94.20 93.25 92.70 94.31 91.54 

Median 92.00 90.00 94.00 92.00 92.00 93.00 90.00 

Mode 86.00 86.00 97.00 89.00 86.00 93.00 90.00 

Std. Deviation 10.40 9.51 10.96 10.91 9.60 10.61 9.95 

Skewness .300 .501 .120 .349 .160 .252 .325 

Kurtosis -.208 .158 -.369 -.271 -.229 -.429 .104 

 

The results displayed in Table 18 above shows the descriptive statistics for 

Attitude towards Chemistry among secondary school students. The mean 93.03, 

median 92 and mode 86 values for Attitude towards Chemistry for Total Sample are 

almost equal. The skewness of the distribution is .30, indicating a positive skew. The 

calculated kurtosis value is -0.208, indicating platykurtic distribution. Collectively, 

these findings indicate that the scores for Attitude towards Chemistry of the Total 

Sample do not deviate significantly from a normal distribution. 

The mean, median and mode values for Attitude towards Chemistry are almost 

equal among male, female, urban, rural, government and aided secondary school 

students.  Among male, and aided secondary school students, the indices of skewness 

and kurtosis indicate a slightly positively skewed and leptokurtic distribution. On the 

other hand, among female, rural, urban and government secondary school students, 

the indices of skewness and kurtosis suggest a slightly positively skewed and 
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platykurtic distribution. The obtained values of descriptive statistics indicate that the 

data for all subsamples exhibit characteristics that are close to a normal distribution. 

Figure 5 and Figure 6 presents a histogram with a normal curve and P-P Plots 

for the total sample respectively. 

Figure 5 

Smoothed Frequency Curve of Attitude towards Chemistry for the Total Sample 
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Figure 6 

P-P Plot of Attitude towards Chemistry for the Total Sample 

 

Visual inspection of the histogram with normal curve and normal P-P Plot 

suggest that data is not largely deviated from normality. 

Descriptive statistics of the variable Self-efficacy in Chemistry is presented in 

Table 19. 
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Table 19 

Descriptive Statistics of the variable Self-efficacy in Chemistry for Total Sample and 

Relevant Subsample 

Statistics Total Male Female Rural Urban Government Aided 

N 1100 500 600 658 442 591 509 

Mean 78.58 78.31 78.80 78.40 78.84 78.86 78.25 

Median 78.00 78.00 78.00 78.00 78.00 78.00 78.00 

Mode 78.00 75.00 78.00 75.00 79.00 75.00 78.00 

Std. Deviation 10.04 9.45 10.50 10.27 9.68 10.39 9.61 

Skewness .104 .184 .043 .154 .025 .180 -.025 

Kurtosis .471 .735 .289 .595 .240 .342 .608 

 

The results displayed in Table 19 shows the descriptive statistics for Self-

efficacy in Chemistry among secondary school students. The mean 78.58, median 78 

and mode 78 values for Self-efficacy in Chemistry for total sample are almost equal. 

The skewness of the distribution is .104, indicating a positive skew. The calculated 

kurtosis value is 0.471, indicating leptokurtic distribution. Collectively, these findings 

indicate that the scores for Self-efficacy in Chemistry of the total sample do not 

deviate significantly from a normal distribution. 

The mean, median and mode values for Self-efficacy in Chemistry are almost 

equal among male, female, urban, rural, government and aided secondary school 

students.  Among male, female, rural, urban and government secondary school 

students, the indices of skewness and kurtosis indicate a slightly positively skewed 

and leptokurtic distribution. On the other hand, among aided secondary school 

students, the indices of skewness and kurtosis suggest a slightly negatively skewed 
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and leptokurtic distribution. The obtained values of descriptive statistics indicate that 

the data for all subsamples exhibit characteristics that are close to a normal 

distribution. 

Figure 7 and Figure 8 presents a histogram with a normal curve and P-P Plots 

for the Total Sample respectively. 

Figure 7 

Smoothed Frequency Curve of Self-efficacy in Chemistry for the Total Sample. 

 

  

Self-Efficacy in Chemistry 
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Figure 8 

P-P Plot of Self-efficacy in Chemistry for the Total Sample 

 

Visual inspection of the histogram with normal curve and normal P-P Plot of  

suggest that data is not largely deviated from normality. 

Descriptive statistics of the variable Achievement in Chemistry is presented 

in Table 20. 
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Table 20 

Descriptive Statistics of the Variable Achievement in Chemistry for Total Sample and 

Relevant Subsample 

Statistics Total Male Female Rural Urban Government Aided 

N 1100 500 600 658 442 591 509 

Mean 30.13 26.89 32.83 31.08 28.70 32.15 27.77 

Median 30.00 24.00 34.00 31.00 27.00 32.00 27.00 

Mode 17.00 16.00 24.00 17.00 10.00 58.00 16.00 

Std. Deviation 13.78 13.47 13.46 13.57 13.98 15.22 11.46 

Skewness .252 .678 -.064 .289 .227 .104 .196 

Kurtosis -.981 -.492 -.957 -.853 -1.203 -1.186 -1.102 

 

The results presented in Table 20 illustrate the descriptive statistics for 

Achievement in Chemistry among secondary school students. The mean 30.13 and 

median 30 values for Achievement in Chemistry are almost equal and mode 17 values 

for Achievement in Chemistry is slightly deviated from mean and median. The 

skewness of the distribution is 0.252, indicating a slight positive skew. The calculated 

kurtosis value is -0.981, indicating platy kurtic distribution. Collectively, these 

findings indicate that the scores for Achievement in Chemistry of the Total Sample 

do not deviate significantly from a normal distribution. 

The mean and median values for Achievement in Chemistry are almost equal 

among male, female, urban, rural, government and aided secondary school students 

and mode values for Achievement in Chemistry is slightly deviated from mean and 

median for all subsamples. Among male, urban, rural, government, and aided 

secondary school students, the indices of skewness and kurtosis indicate a slightly 
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positively skewed and platykurtic distribution. On the other hand, among female 

students, the indices of skewness and kurtosis suggest a slightly negatively skewed 

and platykurtic distribution. The obtained values of descriptive statistics indicate that 

the data for all subsamples exhibit characteristics that are close to a normal 

distribution. 

Figure 9 and Figure 10 presents a histogram and P-P Plots for the Total Sample 

respectively. 

Figure 9 

Smoothed frequency Curve of Achievement in Chemistry for the Total Sample. 
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Figure 10  

P-P Plot of Achievement in Chemistry for the Total Sample 

 

Visual inspection of the histogram with normal curve and P-P Plot suggest 

that data is not largely deviated from normality. 

Mean Comparison of Cognitive and Noncognitive Variables on Achievement in 

Chemistry Based on Gender, Locale and Type of Management 

 In this section, the investigator mainly intended to compare the mean scores 

of Cognitive Variables such as Verbal Intelligence, Scientific Reasoning, Non- 

cognitive variables such as Attitude towards Chemistry and Self-efficacy in 

Chemistry and Achievement in Chemistry based on subsample gender, locale, and 

type of management. To conduct the comparison, used independent sample t-test for 
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large samples. The independent sample t-test is a statistical test that allows to 

determine whether there is a significant difference between the means of two 

independent groups. In the present study, the investigator has multiple groups within 

each factor (gender, locale, and type of management), and wanted to investigate 

whether the mean scores of the variables varied significantly across these groups. 

Mean Comparison Analysis presented under the headings 

➢ Mean Comparison of Gender on Verbal Intelligence, Scientific Reasoning, 

Attitude towards Chemistry, Self-efficacy in Chemistry and Achievement in 

Chemistry  

➢ Mean Comparison of Locale on Verbal Intelligence, Scientific Reasoning, 

Attitude towards Chemistry, Self-efficacy in Chemistry and Achievement in 

Chemistry  

➢ Mean Comparison of Type of Management on Verbal Intelligence, Scientific 

Reasoning, Attitude towards Chemistry, Self-efficacy in Chemistry and 

Achievement in Chemistry  

Mean Comparison of Gender on Verbal Intelligence, Scientific Reasoning, 

Attitude towards Chemistry, Self-efficacy in Chemistry and Achievement in 

Chemistry  

 Data and Results of Mean Comparison of Verbal Intelligence, Scientific 

Reasoning, Attitude towards Chemistry, Self-efficacy in Chemistry and Achievement 

in Chemistry, based on Gender are presented in Table 21. 
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Table 21 

Mean Comparison of Verbal Intelligence, Scientific Reasoning, Attitude towards 

Chemistry, Self-efficacy in Chemistry and Achievement in Chemistry, Based on 

Gender 

Variable Gender N Mean 
Std. 

Deviation 
t-value 

Verbal Intelligence 
Male 500 47.46 19.04 

9.10** 
Female 600 57.59 17.81 

Scientific Reasoning 
in Chemistry 

Male 500 15.16 7.36 
3.99** 

Female 600 17.06 8.24 

Attitude towards 
Chemistry 

Male 500 91.62 9.51 
4.12** 

Female 600 94.20 10.96 

Self-efficacy in 
Chemistry 

Male 500 78.31 9.45 
0.80 

Female 600 78.80 10.50 

Achievement in 
Chemistry 

Male 500 26.89 13.47 
7.29** 

Female 600 32.83 13.46 
**Significant at .01 level 

 Table 21 shows that there exist a significant difference in the mean scores of 

the variable Verbal Intelligence between male and female secondary school students 

(t = 9.10, p <.01). The mean score analysis indicated that female students (M = 57.59) 

had higher mean scores than male students (M = 47.46). This finding suggests that 

female secondary school students exhibited higher levels of Verbal Intelligence 

compared to their male counterparts. 

 Table 21 revealed that there exist a significant difference in the mean scores 

of the variable Scientific Reasoning in Chemistry between male and female secondary 

school students (t = 3.99, p <.01). The mean score analysis indicated that female 

students (M = 17.06) had higher mean scores than male students (M = 15.16). This 



146  Analysis 

finding suggests that female secondary school students exhibited higher levels of 

Scientific Reasoning in Chemistry compared to their male counterparts. 

 From Table 21 it is evident that there exist a significant difference in the mean 

scores of the variable Attitude towards Chemistry between male and female secondary 

school students (t = 4.12, p < .01). The mean score analysis indicated that female 

students (M = 94.20) had higher mean scores than male students (M = 91.62). This 

finding suggests that female secondary school students exhibited higher levels of 

Attitude towards Chemistry compared to their male counterparts. 

 The results of the data in Table 21 shows that there is no significant difference 

in the mean scores of the variable Self-efficacy in Chemistry between male and female 

secondary school students (t = .80, p >0.05). This finding suggests that male and 

female secondary school students exhibited same levels of Self-efficacy in Chemistry. 

 From the results of an independent sample t-test for large samples, revealed a 

significant difference in the mean scores of the variable Achievement in Chemistry 

between male and female secondary school students (t = 7.29, p <.01). The mean 

scores analysis indicated that female students (M = 32.83) had higher mean scores 

than male students (M = 26.89). This finding suggests that female secondary school 

students exhibited higher levels of Achievement in Chemistry compared to their male 

counterparts. 

 Graphical representation of mean comparison of Verbal Intelligence, 

Scientific Reasoning, Attitude towards Chemistry, Self-efficacy in Chemistry and 

Achievement in Chemistry, based on Gender is presented in Figure 11. 
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Figure 11 

Graphical representation of mean comparison of Verbal Intelligence, Scientific 

Reasoning, Attitude towards Chemistry, Self-efficacy in Chemistry and Achievement 

in Chemistry, Based on Gender 

 

Mean Comparison of Locale on Verbal Intelligence, Scientific Reasoning, 

Attitude towards Chemistry, Self-efficacy in Chemistry and Achievement in 

Chemistry  

 Data and results of mean comparison of Verbal Intelligence, Scientific 

Reasoning, Attitude towards Chemistry, Self-efficacy in Chemistry and Achievement 

in Chemistry based on Locale are presented in Table 22. 
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Table 22 

Mean Comparison of Verbal Intelligence, Scientific Reasoning, Attitude Towards 

Chemistry, Self-efficacy in Chemistry and Achievement in Chemistry Based on Locale 

Variable Locale N Mean 
Std. 

Deviation 
t-value 

Verbal Intelligence 
Rural 658 52.66 19.03 

0.69 
Urban 442 53.47 19.10 

Scientific Reasoning 
in Chemistry 

Rural 658 16.02 7.63 
0.89 

Urban 442 16.45 8.30 

Attitude towards 
Chemistry 

Rural 658 93.25 10.91 
0.85 

Urban 442 92.70 9.60 

Self-efficacy in 
Chemistry 

Rural 658 78.40 10.27 
0.72 

Urban 442 78.84 9.68 

Achievement in 
Chemistry 

Rural 658 31.08 13.57 
2.82** 

Urban 442 28.70 13.98 
** Significant at .01 level 

 From Table 22 it is clear that there is no significant difference in the mean 

scores of the variable Verbal Intelligence between rural and urban secondary school 

students (t = .69, p >.05). This finding suggests that rural and urban secondary school 

students exhibited same levels of Verbal Intelligence. 

 The results of the data in Table 22 revealed that there is no significant 

difference in the mean scores of the variable Scientific Reasoning in Chemistry 

between rural and urban secondary school students (t = .89, p >.05). This finding 

suggests that rural and urban secondary school students exhibited same levels of 

Scientific Reasoning in Chemistry. 
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 The findings in Table 22 shows that there is no significant difference in the 

mean scores of the variable Attitude towards Chemistry between rural and urban 

secondary school students (t = .85, p >.05). This findings also suggests that rural and 

urban secondary school students exhibited same levels of Attitude towards Chemistry. 

 The data in Table 22 shows that there is no significant difference in the mean 

scores of the variable Self-efficacy in Chemistry between rural and urban secondary 

school students (t = .72, p >.05). This finding suggests that rural and urban secondary 

school students exhibited same levels of Self-efficacy in Chemistry. 

 Results of the independent sample t-test for large samples, a significant 

difference was found in the mean scores of the variable Achievement in Chemistry 

between urban and rural secondary school students (t = 2.82, p <.01). The mean score 

analysis indicated that rural students (M = 31.08) had higher mean scores than urban 

students (M = 28.70). This finding suggests that rural secondary school students 

exhibited higher levels of Achievement in Chemistry compared to their urban 

counterparts. 

 Graphical representation of mean comparison of Verbal Intelligence, 

Scientific Reasoning, Attitude towards Chemistry, Self-efficacy in Chemistry and 

Achievement in Chemistry based on Locale are presented in Figure 12. 
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Figure 12  

Graphical Representation of Mean Comparison of Verbal Intelligence, Scientific 

Reasoning, Attitude Towards Chemistry, Self-efficacy in Chemistry and Achievement 

in Chemistry Based on Locale 

 

Mean Comparison of Type of Management on Verbal Intelligence, Scientific 

Reasoning, Attitude towards Chemistry, Self-efficacy in Chemistry and 

Achievement in Chemistry  

 Data and results of mean comparison of on Verbal Intelligence, Scientific 

Reasoning, Attitude towards Chemistry, Self-efficacy in Chemistry and Achievement 

in Chemistry based on Type of Management are presented in Table 23. 

  



Analysis  151 

Table 23 

Mean Comparison of on Verbal Intelligence, Scientific Reasoning, Attitude Towards 

Chemistry, Self-efficacy in Chemistry and Achievement in Chemistry Based on Type 

of Management 

Variable 
Type of  

Management 
N Mean 

Std.  
Deviation 

t-value 

Verbal Intelligence 
Government 591 55.80 19.44 

5.33** 
Aided 509 49.73 18.08 

Scientific Reasoning in 
Chemistry 

Government 591 17.56 8.52 
6.28** 

Aided 509 14.61 6.79 

Attitude towards Chemistry 
Government 591 94.31 10.61 

4.45** 
Aided 509 91.54 9.95 

Self-efficacy in Chemistry 
Government 591 78.86 10.39 

1.01 
Aided 509 78.25 9.61 

Achievement in Chemistry 
Government 591 32.16 15.22 

5.33** 
Aided 509 27.77 11.46 

** Significant at .01 level 

 Results in Table 23 shows that there exist a significant difference in the mean 

scores of the variable Verbal Intelligence between government and aided secondary 

school students (t = 5.33, p <.01). The mean score analysis indicated that government 

school students (M = 55.80) had higher mean scores than aided school students (M = 

49.73). This finding suggests that government secondary school students exhibited 

higher levels of Verbal Intelligence compared to their aided counterparts. 

 The data in Table 23 revealed that there exists a significant difference in the 

mean scores of the variable Scientific Reasoning in Chemistry between government 

and aided secondary school students (t = 6.28, p <.01). The mean score analysis 

indicated that government school students (M = 17.56) had higher mean scores than 



152  Analysis 

aided school students (M = 14.61). This finding suggests that government secondary 

school students exhibited higher levels of Scientific Reasoning in Chemistry 

compared to their aided counterparts. 

 It is evident from the Table data that there exists a significant difference in the 

mean scores of the variable Attitude towards Chemistry between government and 

aided secondary school students (t = 4.45, p <.01). The mean score analysis indicated 

that government students (M = 94.31) had higher mean scores than aided students (M 

= 91.54). This finding suggests that government secondary school students exhibited 

higher levels of Attitude towards Chemistry compared to their aided counterparts. 

 The results of the data in Table 23 shows that there is no significant difference 

in the mean scores of the variable Self-efficacy in Chemistry between government 

and aided secondary school students (t = 1.01, p > .05). This finding suggests that 

government and aided secondary school students exhibited same levels of Self-

efficacy in Chemistry. 

 From the results of an independent sample t-test for large samples, a 

significant difference was found in the mean scores of the variable Achievement in 

Chemistry between government and aided secondary school students (t = 5.33,  

p < .01). The mean scores analysis indicated that government students (M = 32.16) 

had higher mean scores than aided students (M = 27.77). This finding suggests that 

government secondary school students exhibited higher levels of Achievement in 

Chemistry compared to their aided counterparts. 

 Graphical representation of Mean Comparison of on Verbal Intelligence, 

Scientific Reasoning, Attitude towards Chemistry, Self-efficacy in Chemistry and 

Achievement in Chemistry based on Type of Management presented in Figure 13. 
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Figure 13 

Graphical Representation of Mean Comparison of on Verbal Intelligence, Scientific 

Reasoning, Attitude towards Chemistry, Self-efficacy in Chemistry and Achievement 

in Chemistry Based on Type of Management  

 

Main and Interaction Effect of Cognitive and Noncognitive Independent 

Variables on Achievement in Chemistry 

 One of the major objective of the present study is to determine the Main and 

Interaction effect of specific cognitive variables, namely Verbal Intelligence and 

Scientific Reasoning in Chemistry, as well as select Noncognitive variables, such as 

Attitude towards Chemistry and Self-efficacy in Chemistry, on Achievement in 

Chemistry. For this purpose, a two-way ANOVA was employed as the statistical 

technique.  Before conducting the analysis, the independent variables are categorised 

into groups as it is a fundamental requirement for conducting a two-way ANOVA. 
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Grouping Technique 

 The data collected from various tools were divided into three distinct groups: 

High, Average/Moderate, and Low. To accomplish this, the mean and standard 

deviation of the obtained scores were initially calculated. Students with scores above 

the mean plus half standard deviation were classified as part of the high group, while 

students with scores below the mean minus half standard deviation were categorised 

as part of the low group. Students with scores falling between the mean minus half 

standard deviation and the mean plus half standard deviation were assigned to the 

average/moderate group. 

Main and Interaction Effect of Verbal Intelligence and Scientific Reasoning in 

Chemistry on Achievement in Chemistry for Total Sample and Subsample. 

 The aim was to investigate the Main and Interaction Effect of independent 

cognitive variables, Verbal Intelligence and Scientific Reasoning in Chemistry, on the 

dependent variable, Achievement in Chemistry of secondary school students. For this 

two-way ANOVA with a 3x3 factorial design was used. The analysis was conducted 

separately for both the total sample and subsamples based on variables such as 

Gender, Locale, and Type of Management of Schools. Verbal Intelligence was 

categorised into three groups: Low Verbal Intelligence group, Moderate Verbal 

Intelligence group, and High Verbal Intelligence group. Similarly, Scientific 

Reasoning in Chemistry was grouped into three categories: Low Scientific Reasoning 

group, Moderate Scientific Reasoning group, and High Scientific Reasoning group. 
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 Data and results of analysis of Main and Interaction Effect of Verbal 

Intelligence and Scientific Reasoning in Chemistry on Achievement in Chemistry for 

total sample is presented in Table 24. 

Table 24 

Summary of 3X3 Factorial ANOVA of Main and Interaction Effect of Verbal 

Intelligence and Scientific Reasoning in Chemistry on Achievement in Chemistry for 

Total Sample 

Source 
Sum of 
Squares 

df 
Mean 

Square 
F 

Verbal Intelligence 23559.466 2 11779.733 88.75** 

Scientific Reasoning 13801.568 2 6900.784 51.99** 

Verbal Intelligence × Scientific 
Reasoning 

1291.941 4 322.985 2.43* 

Error 144804.648 1091 132.727  
  *Significant at .05 level  ** Significant .01 level 

 The two-way ANOVA revealed a significant main effect for Verbal 

Intelligence (F (2, 1091) = 88.75, p < .01) and Scientific Reasoning in Chemistry (F 

(2,1091) = 51.99, p < .01) on Achievement in Chemistry. This indicates that both 

Verbal Intelligence and Scientific Reasoning in Chemistry have individual effects on 

the Achievement in Chemistry. 

 In addition to the main effect, the investigator found that there is significant 

interaction effect between Verbal Intelligence group and Scientific Reasoning in 

Chemistry on Achievement in Chemistry (F (4,1091) = 2.43, p < .05). This indicates 

that the relationship between Verbal Intelligence and Achievement in Chemistry 

varies depending on the levels of Scientific Reasoning in Chemistry. 
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 To assess the differences between groups in both variables, the Scheffé's post 

hoc test for comparisons was employed. The corresponding results presented in Table 

25. 

Table 25 

Scheffé's Post hoc Test for Comparisons for Total Sample 

Variable Group Mean difference 
Std. 

Error 

Verbal 
Intelligence 

Low Verbal 
Intelligence group 

(M =22.59) 

Moderate Verbal 
Intelligence group (M= 

29.45) 
6.869** .845 

Low Verbal 
Intelligence group 

High Verbal 
Intelligence group (M= 

38.68) 
16.09** .853 

Moderate Verbal 
Intelligence group 

High Verbal 
Intelligence group 

9.23** .854 

Scientific 
Reasoning in 

Chemistry 

Low Scientific 
Reasoning group 

(M= 23.83) 

Moderate Scientific 
Reasoning group (M= 

32.54) 
8.72** .782 

Low Scientific 
Reasoning group 

High Scientific 
Reasoning group (M= 

38.2) 
14.37** .930 

Moderate 
Scientific 

Reasoning group 

High Scientific 
Reasoning group 

5.66** .946 

 ** Significant at .01 level 

. The mean difference between the low Verbal Intelligence group (M = 22.59) 

and the moderate Verbal Intelligence group (M = 29.45) is 6.869. The standard error 

is 0.845, and the p-value is .001 (indicating statistical significance). Therefore, the 

mean Verbal Intelligence score of the moderate group is significantly higher than that 

of the low group. The mean difference between the low Verbal Intelligence group (M 

= 22.59) and the high Verbal Intelligence group (M = 38.68) is 16.09. The standard 

error is 0.853, and the p-value is .000 (indicating statistical significance). This 
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suggests that the mean Verbal Intelligence score of the high group is significantly 

higher than that of the low group. The mean difference between the moderate Verbal 

Intelligence group (M = 29.45) and the high Verbal Intelligence group (M = 38.68) is 

9.23. The standard error is 0.854, and the p-value is .000 (indicating statistical 

significance). Thus, the mean Verbal Intelligence score of the high group is 

significantly higher than that of the moderate group. In summary, based on the Scheffé 

post hoc test, all three pairwise comparisons indicate significant differences in mean 

Verbal Intelligence scores among the low, moderate, and high Verbal Intelligence 

groups. Specifically, the moderate group has significantly higher scores than the low 

group, and the high group has significantly higher scores than both the low and 

moderate groups. 

 The mean difference between the low Scientific Reasoning group (M = 23.83) 

and the moderate Scientific Reasoning group (M = 32.54) is 8.72. The standard error 

is 0.782, and the p-value is .001 (indicating statistical significance). Therefore, the 

mean Scientific Reasoning score of the moderate group is significantly higher than 

that of the low group. The mean difference between the low Scientific Reasoning 

group (M = 23.83) and the high Scientific Reasoning group (M = 38.2) is 14.37. The 

standard error is 0.930, and the p-value is .001 (indicating statistical significance). 

This suggests that the mean Scientific Reasoning score of the high group is 

significantly higher than that of the low group. The mean difference between the 

moderate Scientific Reasoning group (M = 32.54) and the high Scientific Reasoning 

group (M = 38.2) is 5.66. The standard error is 0.946, and the p-value is .001 

(indicating statistical significance). Thus, the mean Scientific Reasoning score of the 
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high group is significantly higher than that of the moderate group. In summary, based 

on the statistical analysis, all three pairwise comparisons indicate significant 

differences in mean Scientific Reasoning scores among the low, moderate, and high 

Scientific Reasoning groups in the field of chemistry. Specifically, the moderate 

group has significantly higher scores than the low group, and the high group has 

significantly higher scores than both the low and moderate groups. 

 Graphical representation of interaction effect of Verbal Intelligence and 

Scientific Reasoning in Chemistry on Achievement in Chemistry for total sample is 

presented in Figure 14. 

Figure 14 

Graphical Representation of Interaction Effect of Verbal Intelligence and Scientific 

Reasoning in Chemistry on Achievement in Chemistry for Total Sample 

 
Verbal Intelligence Group 
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 Data and results of analysis of main and interaction effect of Verbal 

Intelligence and Scientific Reasoning in Chemistry on Achievement in Chemistry for 

subsample male is presented in Table 26. 

Table 26 

Summary of 3x3 Factorial ANOVA of Main and Interaction Effect of Verbal 

Intelligence and Scientific Reasoning in Chemistry on Achievement in Chemistry for 

Subsample Male 

Source 
Sum of 
Squares 

df 
Mean 

Square 
F 

Verbal Intelligence 7898.206 2 3949.103 29.15** 

Scientific Reasoning 6735.245 2 3367.622 24.86** 

Verbal Intelligence × 
Scientific Reasoning 

1164.567 4 291.142 2.15 

Error 66502.560 491 135.443  
 ** Significant at 0.01 

 The two-way ANOVA revealed that, there exist significant main effects for 

Verbal Intelligence (F (2, 491) = 29.15, p < .001) and Scientific Reasoning in 

Chemistry (F (2,491) = 24.86, p < .01) on the Achievement in Chemistry. This 

indicates that both Verbal Intelligence and Scientific Reasoning in Chemistry have 

individual effects on the Achievement of male students in Chemistry. 

 In addition the main effect, it is found that there is no significant interaction 

effect between Verbal Intelligence and Scientific Reasoning in Chemistry on the 

Achievement in Chemistry (F (4,491) = 2.15, p > .05). This indicates that the 

relationship between Verbal Intelligence and Achievement in Chemistry does not vary 

depending on the levels of Scientific Reasoning in Chemistry for male students. 
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 To assess the differences between groups in both variables, the Scheffé's post 

hoc test for comparisons was employed. The corresponding results presented in Table 

27. 

Table 27 

Scheffé's Post hoc Test for Comparisons for Subsample Male 

Variable Group 
Mean 

difference 
Std. 

Error 

Verbal 
Intelligence 

Low Verbal 
Intelligence group 

(M =22.31) 

Moderate Verbal 
Intelligence group 

(M= 26.37) 
4.06** 1.209 

Low Verbal 
Intelligence group 

High Verbal 
Intelligence group 

(M= 36.57) 
14.25** 1.32 

Moderate Verbal 
Intelligence group 

High Verbal 
Intelligence group 

10.197** 1.42 

Scientific 
Reasoning in 

Chemistry 

Low Scientific 
Reasoning group 

(M= 21.44) 

Moderate 
Scientific 

Reasoning group 
(M= 30.15) 

8.71** 1.14 

Low Scientific 
Reasoning group 

High Scientific 
Reasoning group 

(M= 35.49) 
14.05** 1.51 

Moderate 
Scientific 

Reasoning group 

High Scientific 
Reasoning group 

5.34** 1.564 

**Significant at .01 level 

 The mean difference between the low Verbal Intelligence group (M = 22.31) 

and the moderate Verbal Intelligence group (M = 26.37) for male students is 4.06. 

The standard error is 1.209, and the p-value is .004 (indicating statistical significance). 

This suggests that the mean Verbal Intelligence score of the moderate group is 

significantly higher than that of the low group for male students. The mean difference 

between the low Verbal Intelligence group (M = 22.31) and the high Verbal 
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Intelligence group (M = 36.57) for male students is 14.25. The standard error is 1.32, 

and the p-value is .001 (indicating statistical significance). Thus, the mean Verbal 

Intelligence score of the high group is significantly higher than that of the low group 

for male students. The mean difference between the moderate Verbal Intelligence 

group (M = 26.37) and the high Verbal Intelligence group (M = 36.57) for male 

students is 10.197. The standard error is 1.42, and the p-value is .001 (indicating 

statistical significance). Therefore, the mean Verbal Intelligence score of the high 

group is significantly higher than that of the moderate group for male students. In 

summary, based on the statistical analysis for male students, all three pairwise 

comparisons indicate significant differences in mean Verbal Intelligence scores 

among the low, moderate, and high Verbal Intelligence groups. The moderate group 

has significantly higher scores than the low group, and the high group has significantly 

higher scores than both the low and moderate groups for male students. 

 The mean difference between the low Scientific Reasoning group (M = 21.44) 

and the moderate Scientific Reasoning group (M = 30.15) for male students is 8.71. 

The standard error is 1.14, and the p-value is .001 (indicating statistical significance). 

This suggests that the mean Scientific Reasoning score of the moderate group is 

significantly higher than that of the low group for male students. The mean difference 

between the low Scientific Reasoning group (M = 21.44) and the high Scientific 

Reasoning group (M = 35.49) for male students is 14.05. The standard error is 1.51, 

and the p-value is .001 (indicating statistical significance). Thus, the mean Scientific 

Reasoning score of the high group is significantly higher than that of the low group 

for male students. The mean difference between the moderate Scientific Reasoning 

group (M = 30.15) and the high Scientific Reasoning group (M = 35.49) for male 

students is 5.34. The standard error is 1.564, and the p-value is 0.003 (indicating 
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statistical significance). Therefore, the mean Scientific Reasoning score of the high 

group is significantly higher than that of the moderate group for male students. In 

summary, based on the statistical analysis for male students, all three pairwise 

comparisons indicate significant differences in mean Scientific Reasoning scores 

among the low, moderate, and high Scientific Reasoning groups. The moderate group 

has significantly higher scores than the low group, and the high group has significantly 

higher scores than both the low and moderate groups for male students. 

 Graphical representation of interaction effect of Verbal Intelligence and 

Scientific Reasoning in Chemistry on Achievement in Chemistry for male sample is 

presented in Figure 15. 

Figure 15 

Graphical Representation of Interaction Effect of Verbal Intelligence and Scientific 

Reasoning in Chemistry on Achievement in Chemistry for Male sample 

 Verbal Intelligence Group 
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 Data and results of analysis of main and interaction effect of Verbal 

Intelligence and Scientific Reasoning in Chemistry on Achievement in Chemistry for 

subsample female is presented in Table 28. 

Table 28 

Summary of 3X3 Factorial ANOVA of Main and Interaction Effect of Verbal 

Intelligence and Scientific Reasoning in Chemistry on Achievement in Chemistry for 

Subsample Female 

Source 
Sum of 
Squares 

df 
Mean 

Square 
F 

Verbal Intelligence 14010.459 2 7005.230 55.33** 

Scientific Reasoning 6424.703 2 3212.351 25.37** 

Verbal Intelligence × Scientific 
Reasoning 

731.563 4 182.891 1.44 

Error 74825.245 591 126.608  
 ** Significant at 0.01 level 

 The two-way ANOVA revealed that there exist significant main effects for 

Verbal Intelligence (F (2, 591) = 55.33, p < .001) and Scientific Reasoning in 

Chemistry (F (2,591) = 25.37, p < .01) on the Achievement in Chemistry. This 

indicates that both Verbal Intelligence and Scientific Reasoning in Chemistry have 

individual effects on the Achievement of female students in Chemistry. 

 In addition to main effect, it is found that there is no significant interaction 

effect between Verbal Intelligence and Scientific Reasoning in Chemistry on the 

Achievement in Chemistry (F (4,591) = 1.44, p > .05). This indicates that the 

relationship between Verbal Intelligence and Achievement in Chemistry does not vary 

depending on the levels of Scientific Reasoning in Chemistry for female students. 
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 To assess the differences between groups in both variables, the Scheffé's post 

hoc test for comparisons was employed. The corresponding results presented in Table 

29. 

Table 29 

Scheffé's Post hoc Test for Comparisons for Subsample Female 

Variable Group 
Mean 

difference 
Std. 

Error 

Verbal 
Intelligence 

Low Verbal 
Intelligence group 

(M = 23.02) 

Moderate Verbal 
Intelligence group 

(M= 31.69) 
8.67** 1.211 

Low Verbal 
Intelligence group 

High Verbal 
Intelligence group 

(M= 39.70) 
16.68** 1.185 

Moderate Verbal 
Intelligence group 

High Verbal 
Intelligence group 

8.01** 1.055 

Scientific 
Reasoning in 

Chemistry 

Low Scientific 
Reasoning group 

(M= 26.40) 

Moderate Scientific 
Reasoning group 

(M= 34.48) 
8.08** 1.06 

Low Scientific 
Reasoning group 

High Scientific 
Reasoning group 

(M= 39.61) 
13.21** 1.187 

Moderate Scientific 
Reasoning group 

High Scientific 
Reasoning group 

5.13** 1.177 

** Significant at .01 level 

 The mean difference between the low Verbal Intelligence group (M = 23.02) 

and the moderate Verbal Intelligence group (M = 31.69) for the female sample is 8.67. 

The standard error is 1.211, and the p-value is .001 (indicating statistical significance). 

Therefore, the mean Verbal Intelligence score of the moderate group is significantly 

higher than that of the low group for the female sample. The mean difference between 

the low Verbal Intelligence group (M = 23.02) and the high Verbal Intelligence group 

(M = 39.70) for the female sample is 16.68. The standard error is 1.185, and the p-

value is .001 (indicating statistical significance). This suggests that the mean Verbal 



Analysis  165 

Intelligence score of the high group is significantly higher than that of the low group 

for the female sample. The mean difference between the moderate Verbal Intelligence 

group (M = 31.69) and the high Verbal Intelligence group (M = 39.70) for the female 

sample is 8.01. The standard error is 1.055, and the p-value is 0.001 (indicating 

statistical significance). Thus, the mean Verbal Intelligence score of the high group is 

significantly higher than that of the moderate group for the female sample. In 

summary, based on the statistical analysis for the female sample, all three pairwise 

comparisons indicate significant differences in mean Verbal Intelligence scores 

among the low, moderate, and high Verbal Intelligence groups. The moderate group 

has significantly higher scores than the low group, and the high group has significantly 

higher scores than both the low and moderate groups for the female sample. 

 The mean difference between the low Scientific Reasoning group (M = 26.40) 

and the moderate Scientific Reasoning group (M = 34.48) for female students is 8.08. 

The standard error is 1.06, and the p-value is .001 (indicating statistical significance). 

This suggests that the mean Scientific Reasoning score of the moderate group is 

significantly higher than that of the low group for female students. The mean 

difference between the low Scientific Reasoning group (M = 26.40) and the high 

Scientific Reasoning group (M = 39.61) for female students is 13.21. The standard 

error is 1.187, and the p-value is .001 (indicating statistical significance). Thus, the 

mean Scientific Reasoning score of the high group is significantly higher than that of 

the low group for female students. The mean difference between the moderate 

Scientific Reasoning group (M = 34.48) and the high Scientific Reasoning group (M 

= 39.61) for female students is 5.13. The standard error is 1.177, and the p-value is 

.001 (indicating statistical significance). Therefore, the mean Scientific Reasoning 

score of the high group is significantly higher than that of the moderate group for 
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female students. In summary, based on the statistical analysis for female students, all 

three pairwise comparisons indicate significant differences in mean Scientific 

Reasoning scores among the low, moderate, and high Scientific Reasoning groups. 

The moderate group has significantly higher scores than the low group, and the high 

group has significantly higher scores than both the low and moderate groups for 

female students. 

 Graphical representation of Interaction Effect of Verbal Intelligence and 

Scientific Reasoning in Chemistry on Achievement in Chemistry for female sample 

is presented in figure 16. 

Figure 16 

Graphical Representation of Interaction Effect of Verbal Intelligence and Scientific 

Reasoning in Chemistry on Achievement in Chemistry for Female Sample 

 
Verbal Intelligence Group 



Analysis  167 

 Data and results of analysis of main and interaction effect of Verbal 

Intelligence and Scientific Reasoning in Chemistry on Achievement in Chemistry for 

subsample rural is presented in table 30. 

Table 30 

Summary of 3X3 Factorial ANOVA of Main and Interaction Effect of Verbal 

Intelligence and Scientific Reasoning in Chemistry on Achievement in Chemistry for 

Subsample Rural 

Source 
Sum of 
Squares 

df Mean Square F 

Verbal Intelligence 9719.617 2 4859.808 36.53** 

Scientific Reasoning 8888.174 2 4444.087 33.40** 

Verbal Intelligence × 
Scientific Reasoning 

985.220 4 246.305 1.85 

Error 86341.510 649 133.038  

** Significant at 0.01 level 

 The two-way ANOVA revealed that, there exist significant main effects for 

Verbal Intelligence (F (2, 649) = 36.53, p < .001) and Scientific Reasoning in 

Chemistry (F (2,649) = 33.40, p < .01) on the Achievement in Chemistry. This 

indicates that both Verbal Intelligence and Scientific Reasoning in Chemistry have 

individual effects on the Achievement of rural students in Chemistry. 

 In addition to main effect, it is found that there is no significant interaction 

effect between Verbal Intelligence group and Scientific Reasoning in Chemistry 

group on the Achievement in Chemistry (F (4,649) = 1.85, p > .05). This indicates 

that the relationship between Verbal Intelligence and Achievement in Chemistry does 
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not vary depending on the levels of Scientific Reasoning in Chemistry for rural 

students. 

 To assess the differences between groups in both variables, the Scheffé's post 

hoc test for comparisons was employed. The corresponding results presented in Table 

31. 

Table 31 

Scheffé's Post hoc Test for Comparisons for Subsample Rural 

Variable Group 
Mean 

difference 
Std. Error 

Verbal 
Intelligence 

Low Verbal 
Intelligence 
group (M 
=24.64) 

Moderate Verbal 
Intelligence group 

(M= 30.08) 
5.44** 1.08 

Low Verbal 
Intelligence 

group 

High Verbal 
Intelligence group 

(M= 39.17) 
14.53** 1.11 

Moderate Verbal 
Intelligence 

group 

High Verbal 
Intelligence group 

9.09** 1.11 

Scientific 
Reasoning 

in Chemistry 

Low Scientific 
Reasoning group 

(M= 24.6) 

Moderate Scientific 
Reasoning group (M= 

33.19) 
8.57** .991 

Low Scientific 
Reasoning group 

High Scientific 
Reasoning group (M= 

40.61) 
15.99** 

1.29 

. 

Moderate 
Scientific 

Reasoning group 

High Scientific 
Reasoning group 

7.42** 
1.27 

. 

** Significant at 0.01 

 The mean difference between the low Verbal Intelligence group (M = 24.64) 

and the moderate Verbal Intelligence group (M = 30.08) for rural students is 5.44. The 

standard error is 1.08, and the p-value is .001 (indicating statistical significance). This 
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suggests that the mean Verbal Intelligence score of the moderate group is significantly 

higher than that of the low group for rural students. The mean difference between the 

low Verbal Intelligence group (M = 24.64) and the high Verbal Intelligence group (M 

= 39.17) for rural students is 14.53. The standard error is 1.11, and the p-value is .001 

(indicating statistical significance). Thus, the mean Verbal Intelligence score of the 

high group is significantly higher than that of the low group for rural students. The 

mean difference between the moderate Verbal Intelligence group (M = 30.08) and the 

high Verbal Intelligence group (M = 39.17) for rural students is 9.09. The standard 

error is 1.11, and the p-value is .001 (indicating statistical significance). Therefore, 

the mean Verbal Intelligence score of the high group is significantly higher than that 

of the moderate group for rural students. In summary, based on the statistical analysis 

for rural students, all three pairwise comparisons indicate significant differences in 

mean Verbal Intelligence scores among the low, moderate, and high Verbal 

Intelligence groups. The moderate group has significantly higher scores than the low 

group, and the high group has significantly higher scores than both the low and 

moderate groups for rural students. 

 The mean difference between the low Scientific Reasoning group (M = 24.60) 

and the moderate Scientific Reasoning group (M = 33.19) for rural students is 8.57. 

The standard error is .991, and the p-value is .001 (indicating statistical significance). 

This suggests that the mean Scientific Reasoning score of the moderate group is 

significantly higher than that of the low group for rural students. The mean difference 

between the low Scientific Reasoning group (M = 24.60) and the high Scientific 

Reasoning group (M = 40.61) for rural students is 15.99. The standard error is 1.29, 
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and the p-value is .001 (indicating statistical significance). Thus, the mean Scientific 

Reasoning score of the high group is significantly higher than that of the low group 

for rural students. The mean difference between the moderate Scientific Reasoning 

group (M = 33.19) and the high Scientific Reasoning group (M = 40.61) for rural 

students is 7.42. The standard error is 1.27, and the p-value is .001 (indicating 

statistical significance). Therefore, the mean Scientific Reasoning score of the high 

group is significantly higher than that of the moderate group for rural students. In 

summary, based on the statistical analysis for rural students, all three pairwise 

comparisons indicate significant differences in mean Scientific Reasoning scores 

among the low, moderate, and high Scientific Reasoning groups. The moderate group 

has significantly higher scores than the low group, and the high group has significantly 

higher scores than both the low and moderate groups for rural students. 

 Graphical representation of interaction effect of Verbal Intelligence and 

Scientific Reasoning in Chemistry on Achievement in Chemistry for rural sample is 

presented in Figure 17. 
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Figure 17 

Graphical Representation of Interaction Effect of Verbal Intelligence and Scientific 

Reasoning in Chemistry on Achievement in Chemistry for Rural Sample 

 

 Data and results of analysis of main and interaction effect of Verbal 

Intelligence and Scientific Reasoning in Chemistry on Achievement in Chemistry for 

subsample urban is presented in Table 32. 

  

Verbal Intelligence Group 
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Table 32 

Summary of 3x3 Factorial ANOVA of Main and Interaction Effect of Verbal 

Intelligence and Scientific Reasoning in Chemistry on Achievement in Chemistry for 

Subsample Urban 

Source 
Sum of 
Squares 

df 
Mean 

Square 
F 

Verbal Intelligence group 14469.769 2 7234.884 56.94** 

Scientific Reasoning group 4945.838 2 2472.919 19.4** 

Verbal Intelligence group × 
Scientific Reasoning group 

589.401 4 147.350 1.16 

Error 55012.590 433 127.050  
** Significant at 0.01 level 

 The two-way ANOVA revealed that, there exist significant main effects for 

Verbal Intelligence (F (2, 433) = 56.94, p < .001) and Scientific Reasoning in 

Chemistry (F (2,433) = 19.4, p < .01) on the Achievement in Chemistry. This indicates 

that both Verbal Intelligence and Scientific Reasoning in Chemistry have individual 

effects on the Achievement of urban students in Chemistry. 

 In addition to main effect there is no significant interaction effect between 

Verbal Intelligence group and Scientific Reasoning in Chemistry group on the 

Achievement in Chemistry (F (4,433) = 1.16, p > .05). This indicates that the 

relationship between Verbal Intelligence and Achievement in Chemistry does not vary 

depending on the levels of Scientific Reasoning in Chemistry for urban students. 

 To assess the differences between groups in both variables, the Scheffé's post 

hoc test for comparisons was employed. The corresponding results presented in 

Table33. 
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Table 33 

Scheffé's Post hoc Test for Comparisons for Subsample Urban 

Variable Group 
Mean 

difference 
Std. Error 

Verbal 
Intelligence 

Low Verbal 
Intelligence 
group (M 

=19.5) 

Moderate Verbal 
Intelligence group 

(M= 28.44) 
8.933** 1.32 

Low Verbal 
Intelligence 

group 

High Verbal 
Intelligence group 

(M= 38.02) 
18.50** 1.30 

Moderate 
Verbal 

Intelligence 
group 

High Verbal 
Intelligence group 

9.57** 1.31 

Scientific 
Reasoning 

in 
Chemistry 

Low Scientific 
Reasoning 
group (M= 

22.76) 

Moderate Scientific 
Reasoning group 

(M= 31.19) 
8.43** 1.267 

Low Scientific 
Reasoning 

group 

High Scientific 
Reasoning group 

(M= 35.77) 
13.01** 1.32 

Moderate 
Scientific 
Reasoning 

group 

High Scientific 
Reasoning group 

4.58** 1.43 

** Significant at 0.01 level 

 The mean difference between the low Verbal Intelligence group (M = 19.5) 

and the moderate Verbal Intelligence group (M = 28.44) for urban students is 8.933. 

The standard error is 1.32, and the p-value is .001 (indicating statistical significance). 

This suggests that the mean Verbal Intelligence score of the moderate group is 

significantly higher than that of the low group for urban students. The mean difference 

between the low Verbal Intelligence group (M = 19.5) and the high Verbal 

Intelligence group (M = 38.02) for urban students is 18.50. The standard error is 1.30, 

and the p-value is .001 (indicating statistical significance). Thus, the mean Verbal 

Intelligence score of the high group is significantly higher than that of the low group 



174  Analysis 

for urban students. The mean difference between the moderate Verbal Intelligence 

group (M = 28.44) and the high Verbal Intelligence group (M = 38.02) for urban 

students is 9.57. The standard error is 1.31, and the p-value is .001 (indicating 

statistical significance). Therefore, the mean Verbal Intelligence score of the high 

group is significantly higher than that of the moderate group for urban students. In 

summary, based on the statistical analysis for urban students, all three pairwise 

comparisons indicate significant differences in mean Verbal Intelligence scores 

among the low, moderate, and high Verbal Intelligence groups. The moderate group 

has significantly higher scores than the low group, and the high group has significantly 

higher scores than both the low and moderate groups for urban students. 

 The mean difference between the low Scientific Reasoning group (M = 22.76) 

and the moderate Scientific Reasoning group (M = 31.19) for urban students is 8.43. 

The standard error is 1.267, and the p-value is .001 (indicating statistical significance). 

This suggests that the mean Scientific Reasoning score of the moderate group is 

significantly higher than that of the low group for urban students. The mean difference 

between the low Scientific Reasoning group (M = 22.76) and the high Scientific 

Reasoning group (M = 35.77) for urban students is 13.01. The standard error is 1.32, 

and the p-value is .001 (indicating statistical significance). Thus, the mean Scientific 

Reasoning score of the high group is significantly higher than that of the low group 

for urban students. The mean difference between the moderate Scientific Reasoning 

group (M = 31.19) and the high Scientific Reasoning group (M = 35.77) for urban 

students is 4.58. The standard error is 1.43, and the p-value is 0.001 (indicating 

statistical significance). Therefore, the mean Scientific Reasoning score of the high 

group is significantly higher than that of the moderate group for urban students. In 

summary, based on the statistical analysis for urban students, all three pairwise 
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comparisons indicate significant differences in mean Scientific Reasoning scores 

among the low, moderate, and high Scientific Reasoning groups. The moderate group 

has significantly higher scores than the low group, and the high group has significantly 

higher scores than both the low and moderate groups for urban students. 

 Graphical representation of Interaction Effect of Verbal Intelligence and 

Scientific Reasoning in Chemistry on Achievement in Chemistry for urban sample is 

presented in Figure 18. 

Figure 18 

Graphical Representation of Interaction Effect of Verbal Intelligence and Scientific 

Reasoning in Chemistry on Achievement in Chemistry for Urban Sample 

 

 Data and results of analysis of Main and Interaction Effect of Verbal 

Intelligence and Scientific Reasoning in Chemistry on Achievement in Chemistry for 

subsample government is presented in Table 34. 

Verbal Intelligence Group 
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Table 34 

Summary of 3X3 Factorial ANOVA of Main and Interaction Effect of Verbal 

Intelligence and Scientific Reasoning in Chemistry on Achievement in Chemistry for 

Subsample Government 

Source 
Sum of 
Squares 

df 
Mean 

Square 
F 

Verbal Intelligence 14383.674 2 7191.837 47.87** 

Scientific Reasoning 8588.654 2 4294.327 28.58** 

Verbal Intelligence × Scientific 
Reasoning 

1224.570 4 306.143 2.04 

Error 87421.171 582 150.208  
** Significant at 0.01 level 

 The two-way ANOVA revealed that, there exist significant main effects for 

Verbal Intelligence (F (2, 582) = 47.87, p < .001) and Scientific Reasoning in 

Chemistry (F (2,582) = 28.58, p < .01) on the Achievement in Chemistry. This 

indicates that both Verbal Intelligence and Scientific Reasoning in Chemistry have 

individual effects on the Achievement of government students in Chemistry. 

 In addition to main effect there is no significant interaction effect between 

Verbal Intelligence group and Scientific Reasoning in Chemistry group on the 

Achievement in Chemistry (F (4,582) = 2.04, p > .05). This indicates that the 

relationship between Verbal Intelligence and Achievement in Chemistry does not vary 

depending on the levels of Scientific Reasoning in Chemistry for government 

students. 
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 To assess the differences between groups in both variables, the Scheffé's post 

hoc test for comparisons was employed. The corresponding results presented in Table 

35. 

Table 35 

Scheffé's Post hoc Test for Comparisons for Subsample Government 

Variable Group 
Mean 

difference 
Std. 

Error 

Verbal 
Intelligence 

Low Verbal 
Intelligence group 

(M =21.49) 

Moderate Verbal 
Intelligence group 

(M= 31.0) 
9.51** 1.28 

Low Verbal 
Intelligence group 

High Verbal 
Intelligence group 

(M= 41.25) 
19.75** 1.23 

Moderate Verbal 
Intelligence group 

High Verbal 
Intelligence group 

10.245** 1.20 

Scientific 
Reasoning in 

Chemistry 

Low Scientific 
Reasoning group 

(M= 23.05) 

Moderate Scientific 
Reasoning group 

(M= 35.23) 
12.17** 1.18 

Low Scientific 
Reasoning group 

High Scientific 
Reasoning group 

(M= 39.80) 
16.74** 1.28 

Moderate Scientific 
Reasoning group 

High Scientific 
Reasoning group 

4.57** 1.27 

** Significant at 0.01 level 

 The mean difference between the low Verbal Intelligence group (M = 21.49) 

and the moderate Verbal Intelligence group (M = 31.0) for government students is 

9.51. The standard error is 1.28, and the p-value is .001 (indicating statistical 

significance). This suggests that the mean Verbal Intelligence score of the moderate 

group is significantly higher than that of the low group for government students. The 

mean difference between the low Verbal Intelligence group (M = 21.49) and the high 

Verbal Intelligence group (M = 41.25) for government students is 19.75. The standard 

error is 1.23, and the p-value is 0.001 (indicating statistical significance). Thus, the 
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mean Verbal Intelligence score of the high group is significantly higher than that of 

the low group for government students. The mean difference between the moderate 

Verbal Intelligence group (M = 31.0) and the high Verbal Intelligence group (M = 

41.25) for government students is 10.245. The standard error is 1.20, and the p-value 

is 0.001 (indicating statistical significance). Therefore, the mean Verbal Intelligence 

score of the high group is significantly higher than that of the moderate group for 

government students. In summary, based on the statistical analysis for government 

students, all three pairwise comparisons indicate significant differences in mean 

Verbal Intelligence scores among the low, moderate, and high Verbal Intelligence 

groups. The moderate group has significantly higher scores than the low group, and 

the high group has significantly higher scores than both the low and moderate groups 

for government students. 

 The mean difference between the low Scientific Reasoning group (M = 23.05) 

and the moderate Scientific Reasoning group (M = 35.23) for government students is 

12.17. The standard error is 1.18, and the p-value is .001 (indicating statistical 

significance). This suggests that the mean Scientific Reasoning score of the moderate 

group is significantly higher than that of the low group for government students. The 

mean difference between the low Scientific Reasoning group (M = 23.05) and the 

high Scientific Reasoning group (M = 39.80) for government students is 16.74. The 

standard error is 1.28, and the p-value is .001 (indicating statistical significance). 

Thus, the mean Scientific Reasoning score of the high group is significantly higher 

than that of the low group for government students. The mean difference between the 

moderate Scientific Reasoning group (M = 35.23) and the high Scientific Reasoning 

group (M = 39.80) for government students is 4.57. The standard error is 1.27, and 

the p-value is 0.001 (indicating statistical significance). Therefore, the mean Scientific 
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Reasoning score of the high group is significantly higher than that of the moderate 

group for government students. In summary, based on the statistical analysis for 

government students, all three pairwise comparisons indicate significant differences 

in mean Scientific Reasoning scores among the low, moderate, and high Scientific 

Reasoning groups. The moderate group has significantly higher scores than the low 

group, and the high group has significantly higher scores than both the low and 

moderate groups for government students. 

 Graphical representation of interaction effect of Verbal Intelligence and 

Scientific Reasoning in Chemistry on Achievement in Chemistry for government 

sample is presented in Figure 19. 

Figure 19 

Graphical Representation of Interaction Effect of Verbal Intelligence and Scientific 

Reasoning in Chemistry on Achievement in Chemistry for Government Sample 

 Verbal Intelligence Group 
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 Data and results of analysis of Main and Interaction Effect of Verbal 

Intelligence and Scientific Reasoning in Chemistry on Achievement in Chemistry for 

subsample aided is presented in Table 36. 

Table 36 

Summary of 3X3 Factorial ANOVA of Main and Interaction Effect of Verbal 

Intelligence and Scientific Reasoning in Chemistry on Achievement in Chemistry for 

Subsample Aided 

Source 
Sum of 
Squares 

df 
Mean 

Square 
F 

Verbal Intelligence group 5880.350 2 2940.175 27.98** 

Scientific Reasoning group 4162.943 2 2081.472 19.80** 

Verbal Intelligence group × 
Scientific Reasoning group 

1124.699 4 281.175 2.67* 

Error 52540.221 500 105.080  
* Significant at 0.05 level       ** Significant at 0.01 level 

 The two-way ANOVA revealed that, there exist significant main effects for 

Verbal Intelligence (F (2, 500) = 27.98, p < .001) and Scientific Reasoning in 

Chemistry (F (2,500) = 19.8, p < .01) on the Achievement in Chemistry. This indicates 

that both Verbal Intelligence and Scientific Reasoning in Chemistry have individual 

effects on the Achievement of aided students in Chemistry. 

 In addition to main effect there exist a significant interaction effect between 

Verbal Intelligence group and Scientific Reasoning in Chemistry group on the 

Achievement in Chemistry (F (4,500) = 2.67, p < .05). This indicates that the 

relationship between Verbal Intelligence and Achievement in Chemistry vary 

depending on the levels of Scientific Reasoning in Chemistry for aided students. 
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 To assess the differences between groups in both variables, the Scheffé's post 

hoc test for comparisons was employed. The corresponding results presented in Table 

37. 

Table 37 

Scheffé's Post hoc Test for Comparisons for Subsample Aided 

Variable Group 
Mean 

difference 
Std. 

Error 

Verbal 
Intelligence 

Low Verbal 
Intelligence group 

(M =23.54) 

Moderate Verbal 
Intelligence group 

(M= 27.81) 
4.27** 1.05 

Low Verbal 
Intelligence group 

High Verbal 
Intelligence group 

(M= 34.20) 
10.66** 1.16 

Moderate Verbal 
Intelligence group 

High Verbal 
Intelligence group 

6.39** 1.18 

Scientific 
Reasoning in 

Chemistry 

Low Scientific 
Reasoning group 

(M= 24.49) 

Moderate Scientific 
Reasoning group 

(M= 29.53) 
5.04** .983 

Low Scientific 
Reasoning group 

High Scientific 
Reasoning group 

(M= 34.46) 
9.974** 1.39707 

Moderate 
Scientific 

Reasoning group 

High Scientific 
Reasoning group 

4.935** 1.435 

** Significant at 0.01 level 

 The mean difference between the low Verbal Intelligence group (M = 23.54) 

and the moderate Verbal Intelligence group (M = 27.81) for aided students is 4.27. 

The standard error is 1.05, and the p-value is .001 (indicating statistical significance). 

This suggests that the mean Verbal Intelligence score of the moderate group is 

significantly higher than that of the low group for aided students. The mean difference 

between the low Verbal Intelligence group (M = 23.54) and the high Verbal 

Intelligence group (M = 34.20) for aided students is 10.66. The standard error is 1.16, 
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and the p-value is .001 (indicating statistical significance). Thus, the mean Verbal 

Intelligence score of the high group is significantly higher than that of the low group 

for aided students. The mean difference between the moderate Verbal Intelligence 

group (M = 27.81) and the high Verbal Intelligence group (M = 34.20) for aided 

students is 6.39. The standard error is 1.18, and the p-value is .001 (indicating 

statistical significance). Therefore, the mean Verbal Intelligence score of the high 

group is significantly higher than that of the moderate group for aided students. In 

summary, based on the statistical analysis for aided students, all three pairwise 

comparisons indicate significant differences in mean Verbal Intelligence scores 

among the low, moderate, and high Verbal Intelligence groups. The moderate group 

has significantly higher scores than the low group, and the high group has significantly 

higher scores than both the low and moderate groups for aided students. 

 The mean difference between the low Scientific Reasoning group (M = 24.49) 

and the moderate Scientific Reasoning group (M = 29.53) for aided students is 5.04. 

The standard error is 0.983, and the p-value is .001 (indicating statistical significance). 

This suggests that the mean Scientific Reasoning score of the moderate group is 

significantly higher than that of the low group for aided students. The mean difference 

between the low Scientific Reasoning group (M = 24.49) and the high Scientific 

Reasoning group (M = 34.46) for aided students is 9.974. The standard error is 

1.39707, and the p-value is 0.001 (indicating statistical significance). Thus, the mean 

Scientific Reasoning score of the high group is significantly higher than that of the 

low group for aided students. The mean difference between the moderate Scientific 

Reasoning group (M = 29.53) and the high Scientific Reasoning group (M = 34.46) 

for aided students is 4.935. The standard error is 1.435, and the p-value is 0.001 

(indicating statistical significance). Therefore, the mean Scientific Reasoning score of 
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the high group is significantly higher than that of the moderate group for aided 

students. In summary, based on the statistical analysis for aided students, all three 

pairwise comparisons indicate significant differences in mean Scientific Reasoning 

scores among the low, moderate, and high Scientific Reasoning groups. The moderate 

group has significantly higher scores than the low group, and the high group has 

significantly higher scores than both the low and moderate groups for aided students. 

 Graphical representation of Interaction Effect of Verbal Intelligence and 

Scientific Reasoning in Chemistry on Achievement in Chemistry for aided sample is 

presented in Figure 20. 

Figure 20 

Graphical Representation of Interaction Effect of Verbal Intelligence and Scientific 

Reasoning in Chemistry on Achievement in Chemistry for Aided Sample 

 
Verbal Intelligence Group 
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Main and interaction effect of Attitude towards Chemistry and Self-efficacy in 

Chemistry on Achievement in Chemistry for total sample and subsample. 

 The main objective was to investigate the influence of independent 

Noncognitive variables, Attitude towards Chemistry and Self-efficacy in Chemistry, 

on the dependent variable, Achievement in Chemistry of secondary school students. 

For this two-way ANOVA with a 3x3 factorial design was used. The analysis was 

conducted separately for both the total sample and subsamples based on variables such 

as Gender, Locale, and Type of Management of Schools. Attitude towards Chemistry 

was categorised into three groups: Low level attitude, Average level attitude, and 

High-level attitude. Similarly, Self-efficacy in Chemistry was grouped into three 

categories: Low Self-efficacy group, Moderate Self-efficacy group, and High Self-

efficacy group. 

 Data and results of analysis of Main and Interaction Effect of Attitude towards 

Chemistry and Self-efficacy in Chemistry on Achievement in Chemistry for Total 

sample is presented in Table 38. 
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Table 38 

Summary of 3X3 Factorial ANOVA of Main and Interaction Effect of Self-efficacy in 

Chemistry and Attitude towards Chemistry on Achievement in Chemistry for Total 

Sample 

Source 
Sum of 
Squares 

df 
Mean 

Square 
F 

Self-efficacy 3332.796 2 1666.398 9.97** 

Attitude towards Chemistry 17899.270 2 8949.635 53.56** 

Self-efficacy × Attitude towards 
Chemistry 

1350.111 4 337.528 2.02 

Error 182295.733 1091 167.090  
** Significant at 0.01 level 

 The two-way ANOVA revealed that there is significant main effects for Self-

efficacy in Chemistry (F (2, 1091) = 9.97, p < .001) and Attitude towards Chemistry 

(F (2,1091) = 53.56, p < .01) on the Achievement in Chemistry. This indicates that 

both Self-efficacy in Chemistry and Attitude towards Chemistry have individual 

effects on the Achievement in Chemistry. 

 In addition to the main effect, there is no significant interaction effect between 

Self-efficacy group and attitude group on the Achievement in Chemistry (F (4,1091) 

= 2.02, p > .05). This indicates that the relationship between Self-efficacy and 

Achievement in Chemistry does not varies depending on the levels of Attitude  

towards  Chemistry. 

 To assess the differences between groups in both variables, the Scheffé's post 

hoc test for comparisons was employed. The corresponding results presented in Table 

39. 
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Table 39 

Scheffé's Post hoc Test for Comparisons for Total Sample 

Variable Group 
Mean 

difference 
Std. Error 

Self-efficacy 
in Chemistry 

Low Self-efficacy 
group (M =30.17) 

Moderate Self-efficacy 
group (M= 27.76) 

2.40* .946 

Low Self-efficacy 
group 

High Self-efficacy 
group (M= 33.83) 

3.67** 1.046 

Moderate Self-
efficacy group 

High Self-efficacy 
group 

6.069** .939 

Attitude 
towards 

Chemistry 

Low level attitude 
(M= 26.09) 

Average level attitude 
(M= 28.77) 

2.68* .913 

Low level attitude 
High level attitude 

(M= 37.30) 
11.20** .990 

Average level 
attitude 

High level attitude 8.52** .985 

* Significant at 0.05 level ** Significant at 0.01 level 

 The mean difference between the low Self-efficacy group (M = 30.17) and the 

moderate Self-efficacy group (M = 27.76) for the total sample is 2.40. The standard 

error is 0.946, and the p-value is 0.040 (indicating statistical significance at a 

significance level of .05). This suggests that the mean Self-efficacy score of the low 

group is significantly higher than that of the moderate group for the total sample. The 

mean difference between the low Self-efficacy group (M = 30.17) and the high Self-

efficacy group (M = 33.83) for the total sample is 3.67. The standard error is 1.046, 

and the p-value is 0.002 (indicating statistical significance). Thus, the mean Self-

efficacy score of the high group is significantly higher than that of the low group for 

the total sample. The mean difference between the moderate Self-efficacy group (M 

= 27.76) and the high Self-efficacy group (M = 33.83) for the total sample is 6.069. 

The standard error is 0.939, and the p-value is .001 (indicating statistical significance). 
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Therefore, the mean Self-efficacy score of the high group is significantly higher than 

that of the moderate group for the total sample. In summary, based on the statistical 

analysis for the Total Sample, all three pairwise comparisons indicate significant 

differences in mean Self-efficacy scores among the low, moderate, and high Self-

efficacy groups. The low group has significantly higher scores than the moderate 

group, and the high group has significantly higher scores than both the low and 

moderate groups for the Total Sample. 

 The mean difference between the low level Attitude group (M = 26.09) and 

the average level Attitude group (M = 28.77) for the total sample is 2.68. The standard 

error is 0.913, and the p-value is 0.014 (indicating statistical significance at a 

significance level of 0.05). This suggests that the mean attitude score of the average 

group is significantly higher than that of the low group for the Total Sample. The 

mean difference between the low level attitude group (M = 26.09) and the high level 

Attitude group (M = 37.30) for the total sample is 11.20. The standard error is 0.990, 

and the p-value is 0.001 (indicating statistical significance). Thus, the mean Attitude 

score of the high group is significantly higher than that of the low group for the Total 

Sample. The mean difference between the average level Attitude group (M = 28.77) 

and the high level Attitude group (M = 37.30) for the Total Sample is 8.52. The 

standard error is 0.985, and the p-value is .001 (indicating statistical significance). 

Therefore, the mean Attitude score of the high group is significantly higher than that 

of the average group for the Total Sample. In summary, based on the statistical 

analysis for the total sample, all three pairwise comparisons indicate significant 

differences in mean Attitude scores among the low, average, and high Attitude groups. 
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The average group has significantly higher scores than the low group, and the high 

group has significantly higher scores than both the low and average groups for the 

Total Sample. 

 Graphical representation of Interaction Effect of Self-efficacy in Chemistry 

and Attitude towards Chemistry on Achievement in Chemistry for Total Sample is 

presented in Figure 21. 

Figure 21 

Graphical Representation of Interaction Effect of Self-efficacy in Chemistry and 

Attitude towards Chemistry on Achievement in Chemistry for Total Sample 

 
Self-Efficacy Group 
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 Data and results of analysis of Main and Interaction Effect of Self-efficacy in 

Chemistry and Attitude towards Chemistry on Achievement in Chemistry for 

subsample Male is presented in Table 40. 

Table 40 

Summary of 3X3 Factorial ANOVA of Main and Interaction Effect of Self-efficacy in 

Chemistry and Attitude Towards Chemistry on Achievement in Chemistry for 

Subsample Male 

Source 
Sum of  
Squares 

df 
Mean  

Square 
F 

Self-efficacy 1400.583 2 700.291 4.29* 

Attitude towards Chemistry 7986.212 2 3993.106 24.48** 

Self-efficacy × Attitude towards 
Chemistry 

2113.646 4 528.411 3.24* 

Error 80062.617 491 163.060  
* Significant at 0.05 ** Significant at 0.01 

 The two-way ANOVA revealed that there is significant main effects for Self-

efficacy in Chemistry (F (2, 491) = 4.29, p < .005) and Attitude towards Chemistry (F 

(2,491) = 24.48, p < .01) on the Achievement in Chemistry. This indicates that both 

Self-efficacy in Chemistry and Attitude towards Chemistry have individual effects on 

the Achievement of male students in Chemistry. 

 In addition to the interaction effect, it is found that there is significant 

interaction effect between Self-efficacy group and Attitude group on the Achievement 

in Chemistry (F (4,491) = 3.24, p < .05). This indicates that the relationship between 

Self-efficacy and Achievement in Chemistry varies depending on the levels of 

Attitude towards Chemistry for male students. 
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 To assess the differences between groups in both variables, the Scheffé's post 

hoc test for comparisons was employed. The corresponding results presented in Table 

41. 

Table 41 

Scheffé's Post hoc test for Comparisons for Subsample Male 

Variable Group 
Mean 

difference 
Std. Error 

Self-efficacy in 
Chemistry 

Low Self-efficacy 
group (M =26.46) 

Moderate Self-efficacy 
group (M= 25.31) 

1.14 1.38 

Low Self-efficacy 
group 

High Self-efficacy 
group (M= 30.41) 

3.95* 1.59 

Moderate Self-
efficacy group 

High Self-efficacy 
group 

5.096** 1.40 

Attitude 
towards 

Chemistry 

Low level attitude 
(M= 24.12) 

Average level attitude 
(M= 25.63) 

.50 1.29 

Low level attitude 
High level attitude (M= 

34.34) 
10.22** 1.51 

Average level 
attitude 

High level attitude 8.715** 1.54 

* Significant at .05 level ** Significant at 0.01 level 

 The mean difference between the low Self-efficacy group (M = 26.46) and the 

moderate Self-efficacy group (M = 25.31) for male students is 1.14. The standard 

error is 1.38, and the p-value is 0.709 (greater than .05). Therefore, the difference in 

mean Self-efficacy scores between the low and moderate groups for male students is 

not statistically significant. The mean difference between the low Self-efficacy group 

(M = 26.46) and the high Self-efficacy group (M = 30.41) for male students is 3.95. 

The standard error is 1.59, and the p-value is 0.048 (indicating statistical significance 

at a significance level of 0.05). This suggests that the mean Self-efficacy score of the 

high group is significantly higher than that of the low group for male students. The 
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mean difference between the moderate Self-efficacy group (M = 25.31) and the high 

Self-efficacy group (M = 30.41) for male students is 5.096. The standard error is 1.40, 

and the p-value is 0.002 (indicating statistical significance). Thus, the mean Self-

efficacy score of the high group is significantly higher than that of the moderate group 

for male students. In summary, based on the statistical analysis for male students, the 

low Self-efficacy group does not show a significant difference in mean Self-efficacy 

scores compared to the moderate Self-efficacy group. However, both the low and 

moderate groups have significantly lower scores compared to the high Self-efficacy 

group for male students. 

 The mean difference between the low level attitude group (M = 24.12) and the 

average level Attitude group (M = 25.63) for male students is 0.50. The standard error 

is 1.29, and the p-value is 0.507 (greater than 0.05). Therefore, the difference in mean 

Attitude scores between the low and average groups for male students is not 

statistically significant. The mean difference between the low level Attitude group (M 

= 24.12) and the high level Attitude group (M = 34.34) for male students is 10.22. 

The standard error is 1.51, and the p-value is 0.001 (indicating statistical significance 

at a significance level of 0.05). This suggests that the mean Attitude score of the high 

group is significantly higher than that of the low group for male students. The mean 

difference between the average level Attitude group (M = 25.63) and the high level 

Attitude group (M = 34.34) for male students is 8.715. The standard error is 1.54, and 

the p-value is .001 (indicating statistical significance). Thus, the mean Attitude score 

of the high group is significantly higher than that of the average group for male 

students. In summary, based on the statistical analysis for male students, there is no 
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significant difference in mean Attitude scores between the low and average Attitude 

groups. However, both the low and average groups have significantly lower scores 

compared to the high Attitude group for male students. 

 Graphical representation of interaction effect of Self-efficacy in Chemistry 

and Attitude towards Chemistry on Achievement in Chemistry for subsample male is 

presented in Figure 22. 

Figure 22 

Graphical Representation of Interaction Effect of Self-efficacy in Chemistry and 

Attitude towards Chemistry on Achievement in Chemistry for Subsample Male 

 
Self-Efficacy Group 
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 Data and results of analysis of Main and Interaction Effect of Self-efficacy in 

Chemistry and Attitude towards Chemistry on Achievement in Chemistry for 

subsample female is presented in Table 42. 

Table 42 

Summary of 3X3 Factorial ANOVA of Main and Interaction Effect of Self-efficacy in 

Chemistry and Attitude towards Chemistry on Achievement in Chemistry for 

Subsample Female 

Source 
Sum of  
Squares 

df 
Mean  

Square 
F 

Self-efficacy 1686.131 2 843.066 5.25** 

Attitude towards Chemistry 8029.307 2 4014.653 25.01** 

Self-efficacy × Attitude towards 
Chemistry 

318.241 4 79.560 .496 

Error 94884.796 591 160.550  
** Significant at 0.01 level 

 The two-way ANOVA revealed that there is significant main effects for Self-

efficacy in Chemistry (F (2, 591) = 5.25, p < .05) and Attitude towards Chemistry (F 

(2,591) = 25.01, p < .01) on the Achievement in Chemistry. This indicates that both 

Self-efficacy in Chemistry and Attitude towards Chemistry have individual effects on 

the Achievement of female students in chemistry. 

 In addition to the main effect, it is found that there is no significant interaction 

effect between Self-efficacy group and Attitude group on the Achievement in 

Chemistry (F (4,591) = .496, p > .05). This indicates that the relationship between 

Self-efficacy and Achievement in Chemistry does not varies depending on the levels 

of Attitude towards Chemistry for female students. 
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 To assess the differences between groups in both variables, the Scheffé's post 

hoc test for comparisons was employed. The corresponding results presented in Table 

43. 

Table 43 

Scheffé's Post hoc Test for Comparisons for Subsample Female 

Variable Group 
Mean 

difference 
Std. Error 

Self-efficacy 
in Chemistry 

Low Self-efficacy 
group (M =33.02) 

Moderate Self-efficacy 
group (M= 30.2) 

2.82 1.26 

Low Self-efficacy 
group 

High Self-efficacy 
group (M= 36.16) 

3.14 1.35 

Moderate Self-
efficacy group 

High Self-efficacy 
group 

5.96** 1.23 

Attitude 
towards 

Chemistry 

Low level attitude 
(M= 28.26) 

Average level attitude 
(M= 31.42) 

3.16* 1.25 

Low level attitude 
High level attitude 

(M= 38.97) 
10.71** 1.30 

Average level 
attitude 

High level attitude 7.55** 1.25 

* Significant at 0.05 ** Significant at 0.01 

 The mean difference between the low Self-efficacy group (M = 33.02) and the 

moderate Self-efficacy group (M = 30.2) for female students is 2.82. The standard 

error is 1.26, and the p-value is 0.083 (greater than .05). Therefore, the difference in 

mean Self-efficacy scores between the low and moderate groups for female students 

is not statistically significant. The mean difference between the low Self-efficacy 

group (M = 33.02) and the high Self-efficacy group (M = 36.16) for female students 

is 3.14. The standard error is 1.35, and the p-value is 0.067 (slightly greater than 0.05). 

While the p-value is close to the significance level, it does not meet the criterion for 

statistical significance at the chosen significance level of 0.05. Therefore, the 
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difference in mean Self-efficacy scores between the low and high groups for female 

students is not statistically significant. The mean difference between the moderate 

Self-efficacy group (M = 30.2) and the high Self-efficacy group (M = 36.16) for 

female students is 5.96. The standard error is 1.23, and the p-value is 0.001 (indicating 

statistical significance). This suggests that the mean Self-efficacy score of the high 

group is significantly higher than that of the moderate group for female students. In 

summary, based on the statistical analysis for female students, there is no significant 

difference in mean Self-efficacy scores between the low and moderate Self-efficacy 

groups or between the low and high Self-efficacy groups. However, the high Self-

efficacy group has a significantly higher mean Self-efficacy score compared to the 

moderate Self-efficacy group for female students. 

 The mean difference between the low level Attitude group (M = 28.26) and 

the average level Attitude group (M = 31.42) for female students is 3.16. The standard 

error is 1.25, and the p-value is 0.043 (less than 0.05). Therefore, the difference in 

mean Attitude scores between the low and average Attitude groups for female students 

is statistically significant, indicating that the average level Attitude group has a 

significantly higher mean attitude score compared to the low level Attitude group. 

The mean difference between the low level Attitude group (M = 28.26) and the high 

level Attitude group (M = 38.97) for female students is 10.71. The standard error is 

1.30, and the p-value is 0.001 (indicating statistical significance at a significance level 

of 0.05). This suggests that the mean attitude score of the high level attitude group is 

significantly higher than that of the low level Attitude group for female students. The 

mean difference between the average level Attitude group (M = 31.42) and the high 
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level Attitude group (M = 38.97) for female students is 7.55. The standard error is 

1.25, and the p-value is 0.001 (indicating statistical significance). Thus, the mean 

attitude score of the high level attitude group is significantly higher than that of the 

average level Attitude group for female students. In summary, based on the statistical 

analysis for female students, both the average level Attitude group and the high level 

attitude group have significantly higher mean Attitude scores compared to the low 

level Attitude group. Additionally, the high level Attitude group has a significantly 

higher mean attitude score compared to the average level attitude group for female 

students is presented in Figure 23. 

Figure 23 

Graphical Representation of Interaction Effect of Self-efficacy in Chemistry and 

Attitude towards Chemistry on Achievement in Chemistry for Subsample Female 

 Self-Efficacy Group 
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 Data and results of analysis of Main and Interaction Effect of Self-efficacy in 

Chemistry and Attitude towards Chemistry on Achievement in Chemistry for rural 

subsample is presented in Table 44. 

Table 44 

Summary of 3X3 Factorial ANOVA of Main and Interaction Effect of Self-efficacy in 

Chemistry and Attitude towards Chemistry on Achievement in Chemistry for Rural 

Subsample  

Source 
Sum of  
Squares 

df 
Mean  

Square 
F 

Self-efficacy 1791.316 2 895.658 5.57** 

Attitude towards Chemistry 13891.637 2 6945.818 43.21** 

Self-efficacy × Attitude towards 
Chemistry 

2049.508 4 512.377 3.19* 

Error 104308.447 649 160.722  
* Significant at 0.05 level ** Significant at 0.01 level 

 The two-way ANOVA revealed that there exist significant main effects for 

Self-efficacy in Chemistry (F (2, 649) = 5.57, p < .01) and Attitude towards Chemistry 

(F (2,649) = 43.21, p < .01) on the Achievement in Chemistry. This indicates that both 

Self-efficacy in Chemistry and Attitude towards Chemistry have individual effects on 

the achievement of rural students in chemistry. 

 In addition to the main effect, it is found that there is significant interaction 

effect between Self-efficacy group and attitude group on the Achievement in 

Chemistry (F (4,649) = 3.19, p < .05). This indicates that the relationship between self 

-efficacy in chemistry and Achievement in Chemistry varies depending on the levels 

of attitude towards  chemistry for rural students. 
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 To assess the differences between groups in both variables, the Scheffé's post 

hoc test for comparisons was employed. The corresponding results presented in Table 

45. 

Table 45 

Scheffé's Post hoc Test for Comparisons for Rural Subsample  

Variable Group 
Mean 

difference 
Std. Error 

Self-efficacy 
in Chemistry 

Low Self-efficacy 
group (M =31.37) 

Moderate Self-efficacy 
group (M= 29.3) 

2.07 1.19 

Low Self-efficacy 
group 

High Self-efficacy 
group (M= 33.50) 

2.12 1.31 

Moderate Self-
efficacy group 

High Self-efficacy 
group 

4.19** 1.194 

Attitude 
towards 

Chemistry 

Low level attitude 
(M= 26.94) 

Average level attitude 
(M= 29.86) 

2.92* 1.16 

Low level attitude 
High level attitude 

(M= 38.26) 
11.32** 1.26 

Average level 
attitude 

High level attitude 8.40** 1.25 

* Significant at 0.05 ** Significant at 0.01 

 The mean difference between the low Self-efficacy group (M = 31.37) and the 

moderate Self-efficacy group (M = 29.3) for rural students is 2.07. The standard error 

is 1.19, and the p-value is 0.223 (greater than .05). Therefore, the difference in mean 

Self-efficacy scores between the low and moderate Self-efficacy groups for rural 

students is not statistically significant. The mean difference between the low Self-

efficacy group (M = 31.37) and the high Self-efficacy group (M = 33.50) for rural 

students is 2.12. The standard error is 1.31, and the p-value is 0.270 (greater than .05). 

This indicates that the difference in mean Self-efficacy scores between the low and 

high Self-efficacy groups for rural students is not statistically significant. The mean 
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difference between the moderate Self-efficacy group (M = 29.3) and the high Self-

efficacy group (M = 33.50) for rural students is 4.19. The standard error is 1.194, and 

the p-value is .002 (indicating statistical significance at a significance level of .05). 

This suggests that the mean Self-efficacy score of the high Self-efficacy group is 

significantly higher than that of the moderate Self-efficacy group for rural students. 

In summary, based on the statistical analysis for rural students, there is no significant 

difference in mean Self-efficacy scores between the low and moderate Self-efficacy 

groups or between the low and high Self-efficacy groups. However, the high Self-

efficacy group has a significantly higher mean Self-efficacy score compared to the 

moderate Self-efficacy group for rural students. 

 The mean difference between the low level Attitude group (M = 26.94) and 

the average level Attitude group (M = 29.86) for rural students is 2.92. The standard 

error is 1.16, and the p-value is 0.042 (less than .05). Therefore, the difference in mean 

Attitude scores between the low and average level Attitude groups for rural students 

is statistically significant. The mean difference between the low level attitude group 

(M = 26.94) and the high level Attitude group (M = 38.26) for rural students is 11.32. 

The standard error is 1.26, and the p-value is .001 (indicating statistical significance 

at a significance level of 0.05). This suggests that the mean Attitude score of the high 

level Attitude group is significantly higher than that of the low level Attitude group 

for rural students. The mean difference between the average level Attitude group (M 

= 29.86) and the high level attitude group (M = 38.26) for rural students is 8.40. The 

standard error is 1.25, and the p-value is .001 (indicating statistical significance). 

Thus, the mean Attitude score of the high level Attitude group is significantly higher 
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than that of the average level Attitude group for rural students. In summary, based on 

the statistical analysis for rural students, there is a significant difference in mean 

Attitude scores between the low and average level Attitude groups as well as between 

the low and high level Attitude groups. Additionally, the high level Attitude group 

has a significantly higher mean Attitude score compared to the average level Attitude 

group for rural students is presented in Figure 24. 

Figure 24 

Graphical Representation of Interaction Effect of Self-efficacy in Chemistry and 

Attitude Towards Chemistry on Achievement in Chemistry for Rural Subsample 

 
Self-Efficacy Group 
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 Data and results of analysis of Main and Interaction effect of Self-efficacy in 

Chemistry and Attitude towards Chemistry on Achievement in Chemistry for urban 

subsample is presented in Table 46. 

Table 46 

Summary of 3X3 Factorial ANOVA of Main and Interaction Effect of Self-efficacy in 

Chemistry and Attitude Towards Chemistry on Achievement in Chemistry for Urban 

Subsample  

Source 
Sum of  
Squares 

df 
Mean  

Square 
F 

Self-efficacy 1008.370 2 504.185 2.93 

Attitude towards Chemistry 3099.741 2 1549.870 9.02** 

Self-efficacy × towards chemistry 821.650 4 205.412 1.19 

Error 74390.676 433 171.803  
** Significant at 0.01 level 

 The two-way ANOVA revealed that there is no significant main effects for 

Self-efficacy in Chemistry (F (2, 433) = 2.93, p > .05) and Attitude towards Chemistry 

(F (2,433) = 9.02, p < .01) on the Achievement in Chemistry. This indicates that Self-

efficacy in Chemistry does not have individual effects on the achievement of urban 

students in chemistry and Attitude towards Chemistry have individual effects on the 

Achievement of urban students in Chemistry. 

 In addition to the main effect, it is found that there is no significant interaction 

effect between Self-efficacy group and Attitude group on the Achievement in 

Chemistry (F (4,433) = 1.19, p > .05). This indicates that the relationship between 

Self-efficacy in Chemistry and Achievement in Chemistry does not varies depending 

on the levels of Attitude towards Chemistry for urban students. 
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 To assess the differences between groups in both variables, the Scheffé's post 

hoc test for comparisons was employed. The corresponding results presented in Table 

47. 

Table 47 

Scheffé's Post hoc Test for Comparisons for Urban Subsample  

Variable Group 
Mean 

difference 
Std. Error 

Attitude 
towards 

Chemistry 

Low level attitude 
(M= 24.88) 

Average level attitude 
(M= 27.07) 

2.19 1.46 

Low level attitude 
High level attitude 

(M= 35.90) 
11.02** 1.57 

Average level 
attitude 

High level attitude 8.83** 1.58 

** Significant at 0.01 

 The mean difference between the low level Attitude group (M = 24.88) and 

the average level Attitude group (M = 27.07) for urban students is 2.19. The standard 

error is 1.46, and the p-value is 0.327 (greater than .05). Therefore, the difference in 

mean Attitude scores between the low and average level Attitude groups for urban 

students is not statistically significant. The mean difference between the low level 

Attitude group (M = 24.88) and the high level Attitude group (M = 35.90) for urban 

students is 11.02. The standard error is 1.57, and the p-value is 0.001 (indicating 

statistical significance at a significance level of .05). This suggests that the mean 

Attitude score of the high level attitude group is significantly higher than that of the 

low level Attitude group for urban students. The mean difference between the average 

level Attitude group (M = 27.07) and the high level Attitude group (M = 35.90) for 

urban students is 8.83. The standard error is 1.58, and the p-value is 0.001 (indicating 

statistical significance). Thus, the mean Attitude score of the high level Attitude group 
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is significantly higher than that of the average level Attitude group for urban students. 

In summary, based on the statistical analysis for urban students, there is no significant 

difference in mean Attitude scores between the low and average level Attitude groups. 

However, both the low and average level Attitude groups have significantly lower 

mean Attitude scores compared to the high level Attitude group for urban students. 

Figure 25 

Graphical Representation of Interaction Effect of Self-efficacy in Chemistry and 

Attitude towards Chemistry on Achievement in Chemistry for Urban Subsample 

 

 Data and results of analysis of Main and Interaction Effect of Self-efficacy in 

Chemistry and Attitude towards Chemistry on Achievement in Chemistry for 

subsample government school students is presented in Table 48. 

Self-Efficacy Group 
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Table 48 

Summary of 3X3 Factorial ANOVA of Main and Interaction Effect of Self-efficacy in 

Chemistry and Attitude Towards Chemistry on Achievement in Chemistry for 

Subsample Government School Students 

Source 
Sum of  
Squares 

df 
Mean  

Square 
F 

Self-efficacy 2608.176 2 1304.088 6.63** 

Attitude towards science 15156.745 2 7578.372 38.56** 

Self-efficacy × Attitude towards science 843.077 4 210.769 1.07 

Error 114373.227 582 196.518  
** Significant at 0.01 level 

 The two-way ANOVA revealed that there exist a significant main effects for 

Self-efficacy in Chemistry (F (2, 582) = 6.63, p <.05) and Attitude towards Chemistry 

(F (2,582) = 38.56, p < .01) on the Achievement in Chemistry. This indicates that both 

Self-efficacy in Chemistry and Attitude towards Chemistry have individual effects on 

the Achievement of government students in Chemistry. 

 In addition to the main effect, it is found that there is no significant interaction 

effect between Self-efficacy group and Attitude group on the Achievement in 

Chemistry (F (4,582) = 1.07, p > .05). This indicates that the relationship between 

Self-efficacy in Chemistry and Achievement in Chemistry does not varies depending 

on the levels of Attitude towards Chemistry for government students. 

 To assess the differences between groups in both variables, the Scheffé's post 

hoc test for comparisons was employed. The corresponding results presented in Table 

49 
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Table 49 

Scheffé's Post hoc Test for Comparisons for Subsample Government School Students  

Variable Group 
Mean 

difference 
Std. 

Error 

Self-efficacy in 
Chemistry 

Low Self-efficacy 
group (M =32.46) 

Moderate Self-
efficacy group 

(M=28.97) 
3.49* 1.41 

Low Self-efficacy 
group 

High Self-efficacy 
group (M= 36.48) 

4.018* 1.52 

Moderate Self-
efficacy group 

High Self-efficacy 
group 

7.51** 1.37 

Attitude towards 
Chemistry 

Low level attitude 
(M= 26.22) 

Average level attitude 
(M= 30.38) 

4.15* 1.40 

Low level attitude 
High level attitude 

(M= 40.03) 
13.81** 1.43 

Average level 
attitude 

High level attitude 9.65** 1.40 

* Significant at 0.05 level ** Significant at 0.01 level 

 The mean difference between the low Self-efficacy group (M = 32.46) and the 

moderate Self-efficacy group (M = 28.97) for government school students is 3.49. 

The standard error is 1.41, and the p-value is 0.048 (indicating statistical significance 

at a significance level of .05). This suggests that the mean Self-efficacy score of the 

low Self-efficacy group is significantly higher than that of the moderate Self-efficacy 

group for government school students. The mean difference between the low Self-

efficacy group (M = 32.46) and the high Self-efficacy group (M = 36.48) for 

government school students is 4.018. The standard error is 1.52, and the p-value is 

0.032 (indicating statistical significance). Thus, the mean Self-efficacy score of the 

high Self-efficacy group is significantly higher than that of the low Self-efficacy 

group for government school students. The mean difference between the moderate 

Self-efficacy group (M = 28.97) and the high Self-efficacy group (M = 36.48) for 
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government school students is 7.51. The standard error is 1.37, and the p-value is 

0.001 (indicating statistical significance). This suggests that the mean Self-efficacy 

score of the high Self-efficacy group is significantly higher than that of the moderate 

Self-efficacy group for government school students. In summary, based on the 

statistical analysis for government school students, there is a significant difference in 

mean Self-efficacy scores between the low and moderate Self-efficacy groups, low 

and high Self-efficacy groups, as well as moderate and high Self-efficacy groups. The 

high Self-efficacy group has the highest mean Self-efficacy score, followed by the 

low Self-efficacy group, and the moderate Self-efficacy group has the lowest mean 

Self-efficacy score. 

 The mean difference between the low level Attitude group (M = 26.22) and 

the average level Attitude group (M = 30.38) for government school students is 4.15. 

The standard error is 1.40, and the p-value is 0.013 (indicating statistical significance 

at a significance level of .05). This suggests that the mean Attitude score of the 

average level Attitude group is significantly higher than that of the low level Attitude 

group for government school students. The mean difference between the low level 

attitude group (M = 26.22) and the high level Attitude group (M = 40.03) for 

government school students is 13.81. The standard error is 1.43, and the p-value is 

0.001 (indicating statistical significance). Thus, the mean Attitude score of the high 

level Attitude group is significantly higher than that of the low level Attitude group 

for government school students. The mean difference between the average level 

Attitude group (M = 30.38) and the high level Attitude group (M = 40.03) for 

government school students is 9.65. The standard error is 1.40, and the p-value is .001 
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(indicating statistical significance). This suggests that the mean Attitude score of the 

high level attitude group is significantly higher than that of the average level Attitude 

group for government school students. In summary, based on the statistical analysis 

for government school students, there is a significant difference in mean Attitude 

scores between the low and average level Attitude groups, low and high level Attitude 

groups, as well as average and high level Attitude groups. The high level Attitude 

group has the highest mean Attitude score, followed by the average level Attitude 

group, and the low level Attitude group has the lowest mean Attitude score is 

presented in Figure 26. 

Figure 26 

Graphical Representation of Interaction Effect of Self-efficacy in Chemistry and 

Attitude towards Chemistry on Achievement in Chemistry for Subsample Government 

School Students 

 
Self-Efficacy Group 
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 Data and results of analysis of Main and Interaction Effect of Self-efficacy in 

Chemistry and Attitude towards Chemistry on Achievement in Chemistry for 

Subsample Aided School Students is presented in Table 50. 

Table 50 

Summary of 3X3 Factorial ANOVA of Main and Interaction Effect of Self-efficacy in 

Chemistry and Attitude Towards Chemistry on Achievement in Chemistry for 

Subsample Aided School Students 

Source 
Sum of  
Squares 

df 
Mean  

Square 
F 

Self-efficacy 692.752 2 346.376 2.77 

Attitude towards Chemistry 2203.465 2 1101.732 8.81** 

Self-efficacy × Attitude towards 
Chemistry 

663.455 4 165.864 1.33 

Error 62551.927 500 125.104  
** Significant at 0.01 level 

 The two-way ANOVA revealed that there is no significant main effects for 

Self-efficacy in Chemistry (F (2, 500) = 2.77, p >.05) and Attitude towards Chemistry 

(F (2,500) = 8.81, p < .01) on the Achievement in Chemistry. This indicates that both 

Self-efficacy in Chemistry and Attitude towards Chemistry have individual effects on 

the Achievement of aided students in Chemistry. 

 In addition to the main effect, it is found that there is no significant interaction 

effect between Self-efficacy group and attitude group on the Achievement in 

Chemistry (F (4,500) = 1.33, p > .05). This indicates that the relationship between self 

-efficacy in chemistry and Achievement in Chemistry does not varies depending on 

the levels of Attitude towards Chemistry for aided students. 
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 To assess the differences between groups in both variables, the Scheffé's post 

hoc test for comparisons was employed. The corresponding results presented in Table 

51 

Table 51  

Scheffé's Post Hoc Test for Comparisons for Subsample Aided School Students  

Variable Group 
Mean 

difference 
Std. Error 

Attitude 
towards 

Chemistry 

Low level attitude 
(M= 25.97) 

Average level attitude 
(M= 27.06) 

1.08 1.12 

Low level attitude 
High level attitude 

(M= 32.47) 
6.49** 1.33 

Average level 
attitude 

High level attitude 5.41** 1.34 

** Significant at 0.01 Level 

 The mean difference between the low level attitude group (M = 25.97) and the 

average level attitude group (M = 27.06) for aided school students is 1.08. The 

standard error is 1.12, and the p-value is 0.624 (greater than .05). Therefore, the 

difference in mean Attitude scores between the low and average level Attitude groups 

for aided school students is not statistically significant. The mean difference between 

the low level Attitude group (M = 25.97) and the high level Attitude group (M = 

32.47) for aided school students is 6.49. The standard error is 1.33, and the p-value is 

.001 (indicating statistical significance at a significance level of 0.05). This suggests 

that the mean Attitude score of the high level Attitude group is significantly higher 

than that of the low level Attitude group for aided school students. The mean 

difference between the average level Attitude group (M = 27.06) and the high level 

Attitude group (M = 32.47) for aided school students is 5.41. The standard error is 

1.34, and the p-value is .001 (indicating statistical significance). This suggests that the 
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mean Attitude score of the high level Attitude group is significantly higher than that 

of the average level Attitude group for aided school students. In summary, based on 

the statistical analysis for aided school students, there is no significant difference in 

mean Attitude scores between the low and average level Attitude groups. However, 

both the low and average level attitude groups have significantly lower scores 

compared to the high level Attitude group for aided school students is presented in 

Figure 27. 

Figure 27 

Graphical Representation of Interaction Effect of Self-efficacy in Chemistry and 

Attitude Towards Chemistry on Achievement in Chemistry for Subsample Aided 

School Students 

 
Self-Efficacy Group 
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Relationship between Independent Variables, namely Verbal Intelligence, 

Scientific Reasoning in Chemistry, Attitude towards Chemistry, Self-efficacy in 

Chemistry, and Dependent Variable Achievement in Chemistry. 

 To assess the Correlation between the Independent variables (Verbal 

Intelligence, Scientific Reasoning in Chemistry, Attitude towards Chemistry, Self-

efficacy in Chemistry) and Dependent variable (Achievement in Chemistry) Pearson 

Product-Moment Correlation analysis was conducted. The data and results of this 

analysis are presented in a Table 52. 

Table 52 

Correlation Analysis between Independent Variables i.e. Verbal Intelligence, 

Scientific Reasoning in Chemistry, Self-efficacy in Chemistry, Attitude towards 

Chemistry, and dependent Variable Achievement in Chemistry 

Variable 
Verbal 

Intelligence 

Scientific 
Reasoning in 

Chemistry 

Attitude 
towards 

Chemistry 

Self-efficacy 
in Chemistry 

r-value .515** .423** .325** .135** 

 

 From the table it is clear that, the Dependent variable "Achievement in 

Chemistry" is positively correlated with Verbal Intelligence. Scientific Reasoning in 

Chemistry, Attitude towards Chemistry and Self-efficacy in Chemistry.  

 The correlation coefficient of .515 indicates a strong positive relationship 

between Verbal Intelligence and Achievement in Chemistry and it is significant at .01 

level of significance. This means that individuals with higher Verbal Intelligence tend 

to have higher Achievement in Chemistry. The correlation coefficient of .423 suggests 

a positive and moderate relationship between Scientific Reasoning in Chemistry and 
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Achievement in Chemistry and it is significant at .01 level of significance. This 

indicates that individuals with better Scientific Reasoning skills specifically related to 

chemistry tend to have higher achievement in the subject. 

 The correlation coefficient of .325 suggests a positive but moderate 

relationship between Attitude towards Chemistry and Achievement in Chemistry and 

it is significant at .01 level of significance. This means that individuals with a more 

positive Attitude towards Chemistry tend to have higher achievement in the subject. 

The correlation coefficient of .135 indicates a positive but relatively weak relationship 

between Self-efficacy in Chemistry and Achievement in Chemistry and it is 

significant at .01 level of significance. This suggests that individuals with higher Self-

efficacy in Chemistry may tend to have slightly higher achievement in the subject. 

 Scatterplot for showing relationship between the dependent variable 

Achievement in Chemistry and the Independent variables namely. Verbal Intelligence 

and Scientific Reasoning in Chemistry, Attitude towards Chemistry, Self-efficacy in 

Chemistry is presented in Figures 28, 29, 30 and 31. 
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Figure 28 

Scatter Plot: Relationship between Achievement in Chemistry and Verbal Intelligence  

 

Figure 29 

Scatter Plot: Relationship between Achievement in Chemistry and Scientific 

Reasoning in Chemistry 
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Figure 30 

Scatter Plot: Relationship between Achievement in Chemistry and Attitude towards 

Chemistry 

 

Figure 31 

Scatter Plot: Relationship between Achievement in Chemistry and Self-efficacy in 

Chemistry 

 
Self-Efficacy Group 
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 The data points on the scatter plot tend to follow an upward trend from left to 

right, indicating that as the x-values increase, the corresponding y-values also 

increase. The data points cluster or concentrate around the upward trend line. This 

suggests a relatively strong relationship between the variables, as the points are 

closely grouped together and exhibit less variability. 

Regression Analysis 

 The purpose of this study was to examine the relationships between multiple 

independent variables and a dependent variable using multiple regression analysis. 

Multiple regression analysis is a statistical technique that allows to explore how 

multiple predictor variables collectively influence a single outcome variable. In this 

analysis, researcher aimed to investigate the simultaneous effects of Verbal 

Intelligence, Scientific Reasoning in Chemistry, Attitude towards Chemistry and Self-

efficacy in Chemistry on the Achievement in Chemistry. The details of regression 

analysis i.e., R, R square are presented in Table 53. 

Table 53 

R,R2 and adjusted R2 for model 1 

Model R R Square Adjusted R Square 

1 .595 .354 .352 

 

 The obtained regression coefficients for the model 1 is presented in Table 54. 
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Table 54 

Regression Coefficients for the Model 1 

Model Predictors 
Unstandardized 

Coefficients 

(b) 

Standardized 
Coefficients 

(β) 
t Sig. 

1 

(Constant) -13.21  -4.00 .000 

Verbal Intelligence .270 .373 13.83 .000 

Scientific 
Reasoning in 
Chemistry 

.417 .239 8.98 .000 

Attitude towards 
Chemistry 

.254 .192 6.686 .000 

Self-efficacy in 
Chemistry 

-.017 -.013 -.455 .649 

 

 In this particular model that Verbal Intelligence, Scientific Reasoning in 

Chemistry, Attitude towards Chemistry and Self-efficacy in Chemistry, as predictors, 

the unstandardized regression coefficient for the variable Self-efficacy in Chemistry 

was found to be statistically insignificant, as indicated by a t-value less than 1.96. 

Consequently, an alternative model (Model 2) was tested, excluding the variable Self-

efficacy in Chemistry. The results of the regression analysis with the predictors 

Attitude towards Chemistry, Verbal Intelligence, and Scientific Reasoning in 

Chemistry can be found in Table 55 

Table 55 

R,R2 and Adjusted R2 for Model 2 

Model R R Square Adjusted R Square 

2 .595 .354 .352 

 

 The value of R (.595) represents the correlation coefficient, which indicates 

the strength and direction of the linear relationship between the dependent variable 
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and the combination of independent variables in the model. In this case, the correlation 

coefficient suggests a moderate positive relationship between the predictors in the 

model and the dependent variable. The value of R Square (.354) represents the 

coefficient of determination, which indicates the proportion of variance in the 

dependent variable that can be explained by the independent variables included in the 

model. In this instance, approximately 35.4% of the variability in the dependent 

variable is accounted for by the predictors in Model 2. The value of Adjusted R Square 

(.352) takes into account the number of predictors in the model and adjusts the R 

Square value accordingly. It is a more conservative estimate of the proportion of 

variance explained by the model. In this case, the Adjusted R Square value is very 

close to the R Square value, suggesting that the model's explanatory power is not 

significantly affected by the number of predictors. 

 The Table 56 presents the statistical significance of the Overall Model, which 

includes all the Independent variables. 

Table 56 

Statistical Significance of the Overall Model 

Model 
Sum of 
Squares 

df 
Mean 

Square 
F Sig. 

2 

Regression 73844.207 3 24614.736 200.161 .001 

Residual 134779.974 1096 122.974   

Total 208624.182 1099    

 

 The statistical analysis reveals that the overall model (Model 2) is statistically 

significant at 0.01 level. This means that the independent variables included in the 
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model collectively have a significant impact on explaining the variance in the 

dependent variable. The F-value of 200.161, with associated significance (p-value) of 

.001, suggests a highly significant relationship between the predictors and the 

dependent variable. 

 The obtained regression coefficients for the model 2 is presented in Table 57. 

Table 57 

Regression Coefficients for the Model 2 

Model Predictors 

Unstandardized 
Coefficients 

(b) 

Standardized 
Coefficients 

(β) 

t Sig. 

2 

(Constant) -13.820  -4.581 .001 

Verbal 
Intelligence 

.270 .374 13.850 .001 

Scientific 
Reasoning in 
Chemistry 

.417 .239 8.990 .001 

Attitude towards 
Chemistry 

.246 .186 7.366 .001 

 

 The unstandardized coefficient (b) of 0.246 suggests that for every one-unit 

increase in Attitude towards Chemistry, the Achievement in Chemistry is expected to 

increase by 0.246 units. The standardized coefficient (β) of 0.186 indicates that 

Attitude towards Chemistry has a moderate positive effect on the Achievement in 

Chemistry after accounting for the scale differences between the variables. The t-

value of 7.366 is statistically significant (p < .001), indicating that Attitude towards 

Chemistry has a significant impact on the Achievement in Chemistry. 
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 The unstandardized coefficient (b) of 0.270 indicates that for every one-unit 

increase in Verbal Intelligence, the Achievement in Chemistry is expected to increase 

by 0.270 units. The standardized coefficient (β) of 0.374 suggests that Verbal 

Intelligence has a relatively strong positive effect on the Achievement in Chemistry, 

even after considering the scale differences. The t-value of 13.85 is highly significant 

(p < .001), indicating that Verbal Intelligence significantly influences the 

Achievement in Chemistry. 

 The unstandardized coefficient (b) of 0.417 implies that for every one-unit 

increase in Scientific Reasoning in Chemistry, the Achievement in Chemistry is 

expected to increase by 0.417 units. The standardized coefficient (β) of 0.239 

indicates that Scientific Reasoning in Chemistry has a moderate positive effect on the 

Achievement in Chemistry. The t-value of 8.990 is statistically significant (p < .001), 

suggesting that Scientific Reasoning in Chemistry has a significant impact on the 

Achievement in Chemistry. 

 In summary, the results show that Attitude towards Chemistry, Verbal 

Intelligence, and Scientific Reasoning in Chemistry are all significant predictors of 

the Achievement in Chemistry. This indicates that these variables play important roles 

in explaining and influencing the variation in the Achievement in Chemistry. 

 With the values of unstandardized coefficient b, the regression model can be 

expressed as 
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Y1 = -13.82+ 0.246 X1+ 0.270 X2+ 0.417 X3 

Where, 

Y1 - Predicted value of Achievement in Chemistry 

X1– Score on Attitude towards Chemistry 

X2– Score on Verbal Intelligence 

X3– Score on Scientific Reasoning in Chemistry 
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SUMMARY, FINDINGS AND CONCLUSIONS 

 

 This chapter provides a concise overview of the study in retrospect, major 

findings, tenability of hypotheses and conclusions. The present investigation is mainly 

intended to study the influence of certain Cognitive variables, namely Verbal 

Intelligence and Scientific Reasoning, and Noncognitive variables, namely Attitude 

towards Chemistry and Self-efficacy in Chemistry on Achievement in Chemistry 

among secondary school students.  Accordingly, the present study is entitled as 

“Influence of Certain Cognitive and Noncognitive Variables on Achievement in 

Chemistry among Secondary School Students”. The study was conducted on a sample 

of 1100 Secondary School Students by using stratified random sampling technique 

with due representation to gender, locale, and type of management. The sample was 

selected from three different revenue districts of Kerala. The following tools, namely 

Verbal Group Test of Intelligence, Scientific Reasoning Test in Chemistry, Scale of 

Attitude towards Chemistry, Scale of Self-efficacy in Chemistry, Achievement Test 

in Chemistry,  were used for the study. The data collected were classified, tabulated 

and analysed as per the objectives framed and hypotheses formulated. Appropriate 

statistical techniques were used for analysis, namely Basic Descriptive Statistics, 

Independent Sample t-test, Two-way ANOVA (3 × 3 Factorial), Pearson’s Product 

Moment Correlation Coefficient and Multiple Regression Analysis. 
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Study in Retrospect 

Restatement of the Problem 

 The problem of the present study is restated as “Influence of Certain Cognitive 

and Non Cognitive Variables on Achievement in Chemistry among Secondary School 

Students”.  

Objectives of the Study 

1. To find out whether there exists any significant difference in the mean scores 

of selected independent variables, namely Verbal Intelligence, Scientific 

Reasoning, Attitude towards Chemistry and Self-efficacy in Chemistry, and 

the dependent variable, Achievement in Chemistry among secondary school 

students based on subsamples, gender, locale and type of management. 

2. To find out the main and interaction effects of selected Cognitive variables, 

namely Verbal Intelligence and Scientific Reasoning, on Achievement in 

Chemistry for the total sample and subsamples based on gender, locale and 

type of management.  

3. To find out the main and interaction effects of selected Noncognitive 

variables, namely Attitude towards Chemistry and Self-efficacy in Chemistry, 

on Achievement in Chemistry for the total sample and subsamples based on 

gender, locale and type of management. 
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4. To find out the extent of relationship between selected Cognitive variables, 

namely Verbal Intelligence and Scientific Reasoning, and Achievement in 

Chemistry among secondary school students. 

5. To find out the extent of relationship between selected Noncognitive variables, 

namely Attitude towards Chemistry and Self-efficacy in Chemistry, and 

Achievement in Chemistry among secondary school students. 

6. To develop a regression equation for predicting Achievement in Chemistry 

based on selected Cognitive and Noncognitive variables. 

Hypotheses of the Study 

 The following are the hypotheses formulated for the study: 

1. There exists significant difference in the mean scores of selected independent 

variables, namely Verbal Intelligence, Scientific Reasoning, Attitude towards 

Chemistry and Self-efficacy in Chemistry, and the dependent variable, 

Achievement in Chemistry among secondary school students based on 

subsample, gender. 

2. There exists significant difference in the mean scores of selected independent 

variables, namely Verbal Intelligence, Scientific Reasoning, Attitude towards 

Chemistry and Self-efficacy in Chemistry, and the dependent variable 

Achievement in Chemistry among secondary school students based on 

subsample, locale. 
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3. There exists significant difference in the mean scores of selected independent 

variables, namely Verbal Intelligence, Scientific Reasoning, Attitude towards 

Chemistry and Self-efficacy in Chemistry, and the dependent variable 

Achievement in Chemistry among Secondary School students based on 

subsample, type of management. 

4. Selected Cognitive variables have significant main and interaction effects on 

Achievement in Chemistry for the total sample and the subsamples based on 

gender, locale and type of management. 

5. Selected Noncognitive variables have significant main and interaction effects 

on Achievement in Chemistry for the total sample and the subsamples based 

on gender, locale and type of management.  

6. There exists significant relationship between selected Cognitive variables and 

Achievement in Chemistry. 

7. There exists significant relationship between selected Noncognitive variables 

and Achievement in Chemistry. 

8. Achievement in Chemistry can be predicted from a combination of selected 

Cognitive and Non -Cognitive variables. 

Variables Selected for the Study 

Independent Variables 

 The investigator selected certain Cognitive and Noncognitive variables as 

Independent variables. 
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 Cognitive Variables. 

Verbal Intelligence 

Scientific Reasoning 

Noncognitive Variables. 

Attitude towards Chemistry  

Self-efficacy in Chemistry 

Dependent Variables 

 In the present study, Achievement in Chemistry among Secondary School 

Students is taken as dependent variable. 

 Classificatory Variables. The investigator included the following 

classificatory variables, namely 

1. Gender 

2. Locale 

3. Type of management of the school 

Methodology 

 The present study was intended to find out the Influence of Certain Cognitive 

and Noncognitive variables on Achievement in Chemistry among Secondary School 

Students. Survey method was used for the present study. 
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 Sample Selected for the Study. For the present study, stratified random 

sampling technique was used for the selection of sample. As an Initial sample the 

investigator selected 1200 secondary school students from Malappuram, Kozhikode 

and Kannur revenue districts. After discarding the incomplete answer scripts, the 

investigator selected 1100 secondary school students as final sample for the study. 

 Tools Used for the Study. In order to measure the variables, the following 

tools were used for collecting the data. 

1. Verbal Group Test of Intelligence (VGTI) (Kumar et al., 1997) 

2. Scientific Reasoning Test in Chemistry (Chandran & Jaleel, P, 2017) 

3. Scale of Self-efficacy in Chemistry (Rani & Saleem, 2020) 

4. Scale of Attitude towards Chemistry (Rani & Saleem, 2020) 

5. Achievement Test in Chemistry (Rani & Saleem, 2020) 

 Statistical Techniques Used. The statistical techniques used for data analysis 

are as follows: 

1. Basic Descriptive Statistics 

2. Independent Sample t-test 

3. Two-way ANOVA (3 × 3 Factorial) 

4. Pearson’s Product Moment Correlation Coefficient 

5. Multiple Regression Analysis 
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Major Findings 

Findings Regarding the Mean Comparison of Cognitive Variables (Verbal 

Intelligence and Scientific Reasoning) based on Gender, Locale and Type of 

Management 

1. A Significant difference was observed in the scores of Cognitive variables, 

between Male and Female secondary school students. Female secondary 

school students scored significantly higher levels when compared to their male 

counterparts in Verbal Intelligence, t = 9.10, p < .01 and in Scientific 

Reasoning in Chemistry, t = 3.99, p < .01. 

2. There was no statistically significant difference in the mean scores of the 

Verbal Intelligence between Rural and Urban secondary school students, t = 

0.69, p > .05, nor in their Scientific Reasoning in Chemistry, t = 0.89, p > .05. 

3. A Significant difference was observed in the scores of Cognitive Variables, 

between government and aided secondary school students. Government 

secondary school students scored significantly higher score when compared to 

aided secondary school students in Verbal Intelligence, t = 5.33, p < .01, and 

in Scientific Reasoning in Chemistry, t = 6.28, p < .01. 

Findings Regarding the Mean Comparison of Noncognitive Variables (Attitude 

towards Chemistry and Self-efficacy in Chemistry) Based on Gender, Locale and 

Type of Management 

4. A significant difference was observed in the scores of Attitude toward 

Chemistry between female and male secondary school students, with female 



228  Summary 

students showing more positive attitudes, t = 4.12, p < .01. However no 

significant difference was found in respect to Self-efficacy in Chemistry 

between gender groups, t = 0.80, p > .05. 

5. There is no significant difference in the mean scores of the Attitude towards 

Chemistry between rural and urban secondary school students t = 0.85, p > 

.05. Similarly Self-efficacy in Chemistry did not differ significantly  between 

rural and urban secondary school students t = 0.72, p > .05. 

6. There exists a significant difference in the mean scores of Attitudes towards 

Chemistry between Government and Aided secondary school students with 

Government secondary school students demonstrating more positive attitude, 

t = 4.45, p < .01. However, no significant difference was observed in the 

variable, Self-efficacy in Chemistry between two types of management 

groups, t = 1.01, p > .05. 

Findings Regarding the Mean Comparison of Dependent Variable (Achievement 

in Chemistry) Based on Gender, Locale and Type of Management 

7. Female secondary school students exhibited significantly higher levels of 

Achievement in Chemistry compared to their male counterparts as evidenced 

by a clear difference in mean achievement scores, t = 7.29, p < .01. 

8. Rural secondary school students exhibited significantly higher levels of 

Achievement in Chemistry compared to their urban counterparts, t = 2.82, p < 

.01. 
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9. There exists significant difference in the mean scores of the Achievement in 

Chemistry between Government and Aided secondary school students. 

Government school students demonstrated significantly higher levels of 

Achievement in Chemistry compared to their Aided counterparts t = 5.33, p < 

.01. 

Findings Regarding the Main and Interaction Effect of Verbal Intelligence and 

Scientific Reasoning in Chemistry on Achievement in Chemistry for the Total 

Sample and Subsamples Based on Gender, Locale and Type of Management. 

10. There exists a significant main effect of Verbal Intelligence, F (2,1091) = 

88.75, p < .01 and Scientific Reasoning F (2,1091) = 51.99, p < .01 on 

Achievement in Chemistry for total sample. There exists a significant 

interaction effect, which indicates and combined influence between Verbal 

Intelligence and Scientific Reasoning in Chemistry on Achievement in 

Chemistry, F (4,1091) = 2.43, p < .05 for total sample. 

11. There exists a significant main effect of Verbal Intelligence F (2,1091) = 

29.15, p < .01 and Scientific Reasoning F (2,1091) = 24.86, p < .01 on 

Achievement in Chemistry for male sample. There is no significant interaction 

effect between Verbal Intelligence and Scientific Reasoning in Chemistry on 

the Achievement in Chemistry F (4,491) = 2.15, p > .05 for male sample. 

12. There exists a significant main effect of Verbal Intelligence F (2,1091) = 

55.33, p < .01 and Scientific Reasoning F (2,1091) = 25.37, p < .01 on 

Achievement in Chemistry for female sample. There is no significant 

interaction effect between Verbal Intelligence and Scientific Reasoning in 
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Chemistry on the Achievement in Chemistry F (4,591) = 1.44, p > .05) for 

female sample. 

13. There exists a significant main effect of Verbal Intelligence F (2,1091) = 

36.53, p < .01 and Scientific Reasoning F (2,1091) = 33.40, p < .01 on 

Achievement in Chemistry for rural sample. There is no significant interaction 

effect between Verbal Intelligence and Scientific Reasoning in Chemistry on 

the Achievement in Chemistry F (4,649) = 1.85, p > 0.05 for rural sample. 

14. There exists a significant main effect of Verbal Intelligence F (2,1091) = 

56.94, p < .01 and Scientific Reasoning F (2,1091) = 19.4, p < .01 on 

Achievement in Chemistry for urban sample. There is no significant 

interaction effect between Verbal Intelligence and Scientific Reasoning in 

Chemistry on the Achievement in Chemistry F (4,433) = 1.16, p > .05 for 

urban sample. 

15. There exists a significant main effect of Verbal Intelligence F (2,1091) = 

47.87, p < .01 and Scientific Reasoning F (2,1091) = 28.58, p < .01 on 

Achievement in Chemistry for government sample. There is no significant 

interaction effect between Verbal Intelligence and Scientific Reasoning in 

Chemistry on Achievement in Chemistry F (4,582) = 2.04, p > .05 for 

government sample. 

16. There exists a significant main effect of Verbal Intelligence F (2,1091) = 

27.98, p < .01) and Scientific Reasoning F (2,1091) = 19.80, p < .01 on 

Achievement in Chemistry for aided sample. There exists a significant 

interaction effect, which indicates a combined effect between Verbal 
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Intelligence and Scientific Reasoning in Chemistry on Achievement in 

Chemistry F (4,500) = 2.67, p < .05 for aided sample. 

Findings Regarding the Main and Interaction Effect of Self-efficacy and Attitude 

towards Chemistry on Achievement in Chemistry for the Total Sample and 

Subsamples Based on Gender, Locale and Type of Management. 

17. There exists a significant main effect of Attitude towards Chemistry F 

(2,1091) = 53.56, p < .01 and Self-efficacy in Chemistry F (2,1091) = 9.97, p 

< .01 on Achievement in Chemistry for total sample. There is no significant 

interaction effect between Attitude towards Chemistry and Self-efficacy in 

Chemistry on the Achievement in Chemistry F (4,1091) = 2.02, p > .05 for 

total sample. 

18. There exists a significant main effect of Attitude towards Chemistry F 

(2,1091) = 24.48, p < .01 and Self-efficacy in Chemistry F (2,1091) = 4.29, p 

< .05 on Achievement in Chemistry for male sample. There is a significant 

interaction effect between Attitude towards Chemistry and Self-efficacy in 

Chemistry on Achievement in Chemistry F (4,491) = 3.24, p < .05 for male 

sample. 

19. There exists a significant main effect of Attitude towards Chemistry F 

(2,1091) = 25.01, p < .01 and Self-efficacy in Chemistry F (2,1091) = 5.25, p 

< .01 on Achievement in Chemistry for female sample. There is no significant 

interaction effect between Attitude towards Chemistry and Self-efficacy in 

Chemistry on the Achievement in Chemistry F (4,591) = .496, p > .05 for 

female sample. 
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20. There exists a significant main effect of Attitude towards Chemistry F 

(2,1091) = 43.21, p < .01 and Self-efficacy in Chemistry F (2,1091) = 5.57, p 

< .01 on Achievement in Chemistry for rural sample. There is a significant 

interaction effect which indicates a combined influence between Attitude 

towards Chemistry and Self-efficacy in Chemistry on the Achievement in 

Chemistry F (4,649) = 3.19, p < .05 for rural sample. 

21. There is no significant main effect of Attitude towards Chemistry F (2,1091) 

= 9.02, p < .01 and Self-efficacy in Chemistry F (2,1091) = 2.93, p > .05 on 

Achievement in Chemistry for urban sample. There is no significant 

interaction effect between Attitude towards Chemistry and Self-efficacy in 

Chemistry on Achievement in Chemistry F (4,433) = 1.19, p > .05 for urban 

sample. 

22. There exists a significant main effect of Attitude towards Chemistry F 

(2,1091) = 38.56, p < .01) and Self-efficacy in Chemistry F (2,1091) = 6.63, p 

< .01) on Achievement in Chemistry for government sample. There is no 

significant interaction effect between Attitude towards Chemistry and Self-

efficacy in Chemistry on Achievement in Chemistry F (4,582) = 1.07, p > .05) 

for government sample. 

23. There exists a significant main effect of Attitude towards Chemistry F 

(2,1091) = 8.81, p < .01 and Self-efficacy in Chemistry F (2,1091) = 2.77, p 

>.05 on Achievement in Chemistry for aided sample. There is no significant 

interaction effect between Attitude towards Chemistry and Self-efficacy in 
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Chemistry on Achievement in Chemistry F (4,500) = 1.33, p > .05 for aided 

sample. 

Findings Regarding the Extent of Relationship Between Cognitive and 

Noncognitive Variables and Achievement in Chemistry.  

24. There exists a significant strong positive relationship between Verbal 

Intelligence and Achievement in Chemistry, r =0 .515, p < .01. 

25. There exists a significant moderate positive relationship between Scientific 

Reasoning in Chemistry and Achievement in Chemistry, r = 0.423, p < .01.    

26. There exists a significant moderate positive relationship between Attitude 

towards Chemistry and Achievement in Chemistry, r = 0.325, p < .01.    

27. There exists a significant weak positive relationship between Self-efficacy in 

Chemistry and Achievement in Chemistry, r = .135, p < .01.    

Findings Regarding the Multiple Regression Analysis  

28. Regression analysis revealed that Verbal Intelligence, Scientific Reasoning in 

Chemistry and Attitude towards Chemistry were the significant predictors of 

Achievement in Chemistry whereas Self-efficacy in Chemistry is not a 

significant predictor of Achievement in Chemistry. 

29. Approximately 35.4% of the variability in the Achievement in Chemistry was 

accounted by the combined predictors: Verbal Intelligence, Scientific 

Reasoning in Chemistry and Attitude towards Chemistry. 

30. The Regression Model for Predicting Achievement in Chemistry is: 
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Y1 = -13.82+0.246 X1+ 0.270 X2+ 0.417 X3 

Where, 

Y1 – predicted value of Achievement in Chemistry 

X1 – score on Attitude towards Chemistry 

X2 – score on Verbal Intelligence 

X3 – score on Scientific Reasoning in Chemistry 

Tenability of the Hypotheses 

 The tenability of the hypotheses were examined on the basis of analysis and 

its findings. 

Hypothesis 1: There exists significant difference in the mean scores of selected 

independent variables, namely Verbal Intelligence, Scientific Reasoning, Attitude 

towards Chemistry and Self-efficacy in Chemistry, and the dependent variable, 

Achievement in Chemistry among secondary school students based on subsamples, 

gender 

 The study found that there exists significant difference between the mean 

scores of the variables, namely Achievement in Chemistry, Attitude towards 

Chemistry, Verbal Intelligence and Scientific Reasoning in Chemistry between male 

and female secondary school students. Study also revealed that there is no significant 

difference between the mean scores of the variable Self-efficacy in Chemistry 

between male and female secondary school students. Hence, the hypothesis 1 is 

partially substantiated. 
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Hypothesis 2: There exists significant difference in the mean scores of selected 

independent variables, namely Verbal Intelligence, Scientific Reasoning, Attitude 

towards Chemistry and Self-efficacy in Chemistry, and the dependent variable, 

Achievement in Chemistry among secondary school students based on subsample, 

locale. 

 The study revealed that there exists significant difference between the mean 

scores of the variable Achievement in Chemistry between urban and rural secondary 

school students. The study also found that there is no significant difference between 

the mean scores of the variables Attitude towards Chemistry, Verbal Intelligence, 

Self-efficacy in Chemistry and Scientific Reasoning in Chemistry between urban and 

rural secondary school students. Hence, the hypothesis 2 is partially substantiated. 

Hypothesis 3: There exists significant difference in the mean scores of selected 

independent variables, namely Verbal Intelligence, Scientific Reasoning, Attitude 

towards Chemistry and Self-efficacy in Chemistry, and the dependent variable, 

Achievement in Chemistry among secondary school students based on subsample, 

type of management. 

 The study found that there exists significant difference between the mean 

scores of the variables Achievements in Chemistry, Attitude towards Chemistry, 

Verbal Intelligence and Scientific Reasoning in Chemistry between Government and 

Aided secondary school students. Study also revealed that there is no significant 

difference between the mean scores of the variable Self-efficacy in Chemistry 

between Government and Aided secondary school students. Hence, the hypothesis 3 

is partially substantiated. 
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Hypothesis 4: Select Cognitive variables have significant main effect on Achievement 

in Chemistry in the total sample and the relevant subsamples. 

 The study revealed that there exists a significant main effect of select 

Cognitive variables, namely Verbal Intelligence and Scientific Reasoning on 

Achievement in Chemistry among secondary school students in total sample and 

relevant subsamples. Hence the hypothesis 4 is substantiated. 

Hypothesis 5: Select Noncognitive variables have significant main effect on 

Achievement in Chemistry in the total sample and the relevant sub- samples. 

 The study revealed that there exists a significant main effect of select 

Noncognitive variables, namely, Self-efficacy in Chemistry and Attitude towards 

Chemistry on Achievement in Chemistry among secondary school students in total 

sample and relevant subsamples except main effect of Self-efficacy in Chemistry on 

Achievement in Chemistry for urban and Aided subsamples. Hence the hypothesis 5 

is partially substantiated. 

Hypothesis 6: There exists significant relationship between each of the select 

Cognitive variables and Achievement in Chemistry. 

 The study found that there exists strong positive relationship between Verbal 

Intelligence and Achievement in Chemistry and positive moderate relationship 

between Scientific Reasoning in Chemistry and Achievement in Chemistry.  Hence 

the hypothesis 6 is substantiated. 

Hypothesis 7: There exists significant relationship between each of the select 

Noncognitive Variables and Achievement in Chemistry. 
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 The study found that there exist a positive but moderate relationship between 

Attitude towards Chemistry and Achievement in Chemistry and a positive but 

relatively weak relationship between Self-efficacy in Chemistry and Achievement in 

Chemistry. Hence the hypothesis 7 is substantiated. 

Hypothesis 8: Achievement in Chemistry can be predicted from a combination of 

select Cognitive and Noncognitive variables. 

 The study revealed that Verbal Intelligence, Scientific Reasoning in Chemistry 

and Attitude towards Chemistry are significant predictors of Achievement in 

Chemistry among secondary school students. But Self-efficacy is found to be not 

significantly contributing to predict Achievement in Chemistry among secondary 

school students. Hence hypothesis 8 is partially substantiated. 

Conclusions 

 The findings of the study prompted the investigator to arrive at the following 

conclusions:  

 The present study gives substantial evidence that Achievement in Chemistry 

is influenced by a combination of Cognitive, Noncognitive and contextual factors 

such as gender, locale and type of management. Female students outperforming male 

students both in achievement and in demonstrating a more positive Attitude towards 

Chemistry. Students from rural backgrounds exhibited better performance compared 

to their urban counterparts. Government schools students shows better performance 

than students in aided schools. 
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 The study revealed that Verbal Intelligence, Scientific Reasoning, and Attitude 

towards Chemistry are significant predictors of Achievement in the subject. The 

presence of significant interaction effects – particularly between Verbal Intelligence 

and Scientific Reasoning, as well as between Self-efficacy and Attitude – indicates 

that these variables have combined influence on Achievement in Chemistry among 

secondary school students. 

 The study provides strong positive correlation between Verbal Intelligence 

and Achievement in Chemistry which shows the basic role of cognitive ability in 

mastering scientific content. The moderate relationship with Scientific Reasoning, 

along with the positive contributions of Self-efficacy and Attitude, is a clear indication 

to the importance of nurturing both cognitive skills and affective dispositions in 

students. 

 The Regression findings support a holistic educational model, where fostering 

Verbal and Scientific Reasoning abilities, building students’ confidence, and 

nurturing positive Attitudes are all integral to improving Achievement in Chemistry. 

These insights have meaningful implications for curriculum design, teacher training, 

and policy interventions aimed at enhancing science education at the secondary school 

level. 
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RECOMMENDATIONS AND SUGGESTIONS 

 

 The results and findings of the study have many implications in educational 

theory and practice at school level education. They are useful for curriculum experts, 

educational planners, teachers and researchers as well. 

Educational Implications and Recommendations 

 Some of the possible educational implications and recommendations of the 

study are presented below:  

1.  A significant gender difference was observed in Cognitive Variables, Verbal 

Intelligence and Scientific Reasoning which are crucial for success in 

Chemistry. This shows the importance of gender-sensitize curricular activities, 

especially in chemistry.  To encourage varied cognitive strengths and close the 

performance gap, gender-responsive teaching and learning methods may be 

adopted.  

Workshops for teachers on integrating cognitive skill-building strategies, 

modules to improve Verbal Intelligence and Scientific Reasoning in boys, 

such as debate, peer tutoring, or inquiry-based activities, inclusive classroom 

environments that promote confidence in both boys and girls and cooperative 

learning strategies where students benefit from each other's cognitive strengths 

are some of the strategies may plan and implement effectively in our schools. 
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2.  No statistically significant locale difference was observed in Cognitive 

variables. Hence geographic location (rural vs. urban) may not inherently 

affect students’ Verbal Intelligence or Scientific Reasoning. This is a  positive 

indicator of equity and reflects the equalising impact of educational access 

across Kerala’s school systems. 

3.  Government secondary school students scored significantly higher than aided 

school students in Cognitive variables. It shows government schools may be 

fostering better cognitive development in key academic areas with more 

effective teaching learning strategies. This reflect greater academic 

accountability and monitoring, suggesting the need to evaluate internal 

systems and practices in aided schools. Capacity-building programmes for 

teachers in aided schools to improve classroom strategies may be organised. 

Inter-school collaborations or "twinning programmes" between aided and 

government schools to share best practices also may be encouraged. 

4.  In Noncognitive variables, Female students showed significantly more 

positive Attitudes toward Chemistry than male students, whereas no 

significant gender difference was found in Self-efficacy in Chemistry. This is 

the indication of girl’s students in respect to their significant emotional 

attachment towards science learning especially the subject of chemistry. But 

genders perceive themselves equally capable in Self-efficacy, which shows the 

self-confidence of students irrespective of their gender in learning chemistry. 
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Gender-neutral encouragement programmes may be organised in schools, for 

both boys and girls to perform equally well in Chemistry and Utilize the  girls' 

positive attitudes by motivating them to take up leadership roles in science 

related co-curricular activities inside and outside the school. 

5.  No significant locale difference was found in Noncognitive variables, among 

secondary school students. This reflects Kerala’s inclusive educational 

ecosystem where the ICT-enabled uniform implementation of curriculum and 

its transaction.  

Measures to be taken to empower ongoing programmes like Little Kites, 

Science Clubs, and Lab Improvement Schemes equally to both urban and rural 

schools. State-wide competitions, collaborative projects, and mobile science 

labs that blend rural and urban student participation may also provided. 

6.  Government school students showed more positive attitudes than aided school 

students towards chemistry but, no significant difference was found in Self-

efficacy in Chemistry between the two groups. The result challenges the 

traditional assumptions that aided/private schools are better performers than 

Govt. School and it is a clear positive indication in respect to the Govt. 

Initiatives to strengthen the public education system of Kerala. 

Teacher empowerment programmes for aided school teachers should be 

organised with ensured participation, focusing on fostering student interest 

and building positive emotional engagement with science. 
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7.  The study reveals that Cognitive variables, particularly Verbal Intelligence 

and Scientific Reasoning, independently influence Achievement in Chemistry. 

Therefore, the science curriculum should incorporate a cross-disciplinary 

approach from the school level onwards, promoting the integration of 

language and science. Interdisciplinary modules that combine language and 

scientific skills should be developed, and teachers must be equipped for 

effective implementation through targeted faculty development programmes. 

8.  A positive attitude is strongly correlated with higher achievement across all 

student subgroups. The significant interaction observed among male and rural 

students suggests that the combined influence of Attitude and Self-efficacy 

substantially enhances academic performance. Therefore, the curriculum 

should include provisions for inquiry-based learning, contextualising 

Chemistry concepts within everyday experiences, and fostering curiosity in 

the subject. 

9.  Verbal Intelligence, Scientific Reasoning in Chemistry, and Attitude towards 

the subject collectively serve as significant predictors of Achievement in 

Chemistry. Accordingly, curriculum design and pedagogical strategies should 

aim to strengthen these dimensions by incorporating scientific communication 

exercises within Chemistry instruction, engaging students in inquiry-based 

laboratories, problem-solving tasks, and critical thinking activities. 

Furthermore, Chemistry should be made relevant and engaging through real-

world applications and student-centered learning approaches. 



Recommendations  243 

Suggestions for Further Research 

 The present research was undertaken to study the influence of certain 

Cognitive and Noncognitive Variables on Achievement in Chemistry among 

Secondary School Students. By considering the findings of the study and scope and 

limitations of the study the investigator suggests a few areas related to the study for 

further research. 

1. A Longitudinal study on how cognitive development in boys and girls 

influences long-term achievement in Science Subjects. 

2. A study can be conducted taking multiple intelligences as predictors of 

Achievement in Chemistry at secondary level.  

3. Study the impact of attitude differences on subject selection and career 

aspirations in science. 

4. The study can be extended by incorporating more suitable variables like 

Scientific Attitude, Scientific Literacy and Linguistic Creativity among 

Secondary School Students. 

5. A study may be conducted to explore the underlying causes of gender 

differences in Verbal Intelligence and Scientific Reasoning.  

6. Investigate how extra-curricular and co-curricular science activities contribute 

to student Attitudes towards Chemistry. 
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7. Explore how Cognitive and Noncognitive variables together predict 

Chemistry achievement. 

8. A study may be conducted selecting sociological determinants of Chemistry 

achievements among secondary school students.  
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VERBAL GROUP TEST OF INTELLIGENCE 

(Malayalam Version) 
 

Dr. P.K. Sudheesh Kumar 

Hameed. A & Prasanna.A 

 

hnZymÀ°n-I-fpsS am\-kn-I-amb Ign-hp-IÄ ]cn-tim-[n-¡p-¶-Xn-\p-th−n X¿m-dm-¡n-

bn-«p-f-f-XmWv Cu sSÌv.  hnhn[ Xc-¯n-ep-ff 5 sSÌp-IÄ CXnÂ DÄs¡m-Ån-¨n-cn-

¡p-¶p.  Hmtcm sSÌn-sâbpw Bcw-`-¯nÂ sImSp-̄ n-«p-ff \nÀt±-i-§Ä Fgp-Xn-¯p-S-

§p-¶-Xn-\p-ap¼v {i²n¨p hmbn-¡p-I.  D¯cw Fgp-tX− coXn DZm-l-cW klnXw 

hyà-am-¡n-bn-«p-−v.  \nÀ²njvS ka-b-¯n-\p-ÅnÂ D¯cw FgpXn¯oÀ¡m³ {i²n-

¡p-Ibpw, ]d-ª-Xn-\p-tijw am{Xw Fgp-Xn-¯p-S-§p-Ibpw, Gähpw thK-¯nÂ Fgp-

Xn-¯oÀ¡m³ {ian-¡p-Ibpw sNt¿-−-Xm-W-v.  X¶n-cn-¡p¶ Cu tNmZy-¡-S-em-ÊnÂ 

Fs -́¦nepw Fgp-Xp-I-tbm, AS-bm-f-s¸-Sp-¯p-Itbm sN¿-cp-Xv.  {]tXyIw X¶n-«p-ff 

D¯-c-¡-S-em-ÊnÂ am{Xta D¯cw Fgp-Xm-hq. 
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TEST - I VERBAL ANALOGY 

Cu hn`m-K-¯nÂ sImSp-̄ n-«p-ff tNmZy-§-fnÂ aq¶p hm¡p-IÄ hoXw X¶n-«p-−v.  
\mem-as¯ hm¡v \n§Ä Fgp-tX-−-Xm-Wv.  X¶n-cn-¡p¶ aq¶p hm¡p-I-fnÂ 
BZys¯ c−p hm¡p-IÄ X½n-ep-ff _Ôw a\-Ên-em¡n aq¶m-as¯ hm¡n-

t\mSv tbmPn-¡p¶ hm¡v A, B, C, D F¶o {Ia-¯nÂ sImSp-¯n-cn-¡p¶ \mep 
hm¡p-I-fnÂ \n¶pw sXc-sªSp v̄ D -̄c-¡-S-em-ÊnÂ AS-bm-f-s -̧Sp-̄ p-I. 

DZm-l-cWw: 

Zmlw: shÅw:: hni¸v: ... ... ...   

A. amwkw B. hn{iaw C. Blmcw D. £oWw 

 Zmlw hcp-t¼mÄ shÅw IpSnbv¡p¶p.  AXp-t]mse hni-¸p-h-cp-t¼mÄ 

Blmcw Ign-¡p-¶p.  AXp-sIm−v ‘C’ bmWv icn-bmb D¯cw 

    

 

1. Iuiew: Ipdp-¡³:: hnUvVn¯w: ... ... ...   

 A. Ipc-§³ B. IcSn C. am³ D. IgpX 

2. Zb : {IqcX:: \ni-_vZX: ... ... ...   

 A. \nÝew B. i_vZw C. im´X D. [ym\w 

3. \mSIw: kwhn-[m-b-I³:: \yqkvt]-¸À: ... ... ...   

 A. amt\-PÀ B. ]{Xm-[n-]À C. DS-a-Ø³ D. {]Êv 

4. I¸Â: Iym]vä³:: hnam\w: ... ... ...   

 A. ISÂ B. FbÀt]mÀ«v C. ss{UhÀ D. ss]eäv 

5. Ic¨nÂ: Nncn:: hnjaw: ... ... ...   

 A. kt´mjw B. Dt·jw:: C. im´n D. kam-[m\w 

6. jÀ«v: XpWn:: sNcp¸v: ... ... ...   

 A. Dfn B. XpIÂ C. sNcp-¸vIp¯n D. X¿Â¡m-c³ 

7. Im¡: Idp¸v:: lukw: ... ... ...   

 A. ]£n B. shÅw C. shfp¸v D. Xhn«v 

8. amknI: hmb-\-¡mc³:: tdUntbm: ... ... ...   

 A. ]c-ky¡mÀ B. Adn-bn-¸p-ImÀ C. ImgvN-¡mÀ D. tIÄhn-¡mÀ 

  

A. B. C. D. 
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9. hndIv: tImSmen:: XpWn: ... ... ...   

 A. sajo³ B. kqNn C. I{XnI D. \qev 

10. hnZymÀ°n: ¢mÊvdqw:: Ifn-¡m-c³: ... ... ...   

 A. tÌUnbw B. aÕcw C. tIm¨v D. Ifn 

11. hoSv: taÂ¡qc:: `qan: ... ... ...   

 A. hmbp B. BImiw C. A -́co£w D. {[ph-§Ä 

12. Ip«n: amXm-]n-Xm-¡Ä:: _p¡v: ... ... ...   

 A. A[ym-]-I³ B. {]km-[-I³ C. {]Êv D.{KÙ-IÀ¯mhv 

13. hÀjw: amkw:: BgvN: ... ... ...   

 A. aWn-¡qÀ B. an\näv C. c−mgvN D. Znhkw 

14. cm{Xn: ]IÂ:: tZjyw: ... ... ...   

 A. klmbw B. Zb C. CjvSw D. kt´mjw 

15. Ihn: IhnX:: kwKoXw: ... ... ...   

 A. cN-bn-Xmhv B. Fgp-¯p-Im-c³ C. \nÀ½m-Xmhv D. I−IvSÀ 

16. aªv: shfp¸v:: IÂ¡cn: ... ... ...   

 A. ]pI B. Nph¸v C. Idp¸v D. aª 

17. ]ip: arKw:: tImgn: ... ... ...   

 A. hoSv B. ]£n C. ap« D. IqSv 

18. \o´Â: shÅw:: kvtIänwKv: ... ... ...   

 A. aªv B. BImiw C. ]ÀÆXw D. iq\ym-Imiw 

19. a\p-jy³: Bß-IY:: cmjv{Sw: ... ... ...   

 A. P\-§Ä B. P\-kwJy C. `qan-imkv{Xw D. Ncn{Xw 

20. acp¶v: tcmKw:: ]pkvXIw: ... ... ...   

 A. Adnhv B. A[ym-]-I³ C. {KÙ-Im-c³ D. cN-bn-Xmhv 
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TEST - II VERBAL CLASSIFICATION 

Cu hn`mK¯n-ep-ff tNmZy-§-fnÂ Hmtcm-¶nepw A, B, C, D F¶n-§s\ \mep 
hm¡p-IÄ hoXw X¶n-«p-−v. AXnÂ Hsc®w aäp aq¶p hm¡p-I-tfmSpw  tbmPn-
¡msX \nÂ¡p¶p. AXv GsX¶v I−p-]n-Sn v̈ D -̄c-¡-S-em-knÂ AS-bm-f-s -̧Sp-
¯p-I. 

DZm-l-c-Ww: 

1. A. a[pcw B. apfIv C. Fcnhv D. Ibv]v 

CXnÂ A, C, D F¶nh hnhn[ cpNn-Isf ImWn-¡p¶p. B(ap-f-Iv) cpNn-I-fnÂ 

DÄs -̧Sp-¶-XÃ. AXp-sIm−v icn D¯cw ‘B’ BWv. 

 

 

1. A. A[ym-]-I³ B. {]n³kn-¸mÄ C. hnZymÀ°n D. s{]m^-kÀ 

2. A. _Êv B. hnam\w C. ssk¡nÄ D. temdn 

3. A. \S-¡pI B. Nn´n-¡pI C. \o´pI D. NmSpI 

4. A. hr¯w B. NXpcw C. {XntImWw D. jUv`pPw 

5. A. kuµcyw B. hmÀ²Iyw C. anSp-¡³ D. buÆ\w 

6. A. {Kmw B. Intem{Kmw C. aoäÀ D. IznâÂ 

7. A. kam-[m\w B. i_vZw C. [ym\w D. \nÝew 

8. A. kwhn-[m-b-I³ B. \S³ C. ]m«p-Im-c³ D. {]mkw-Kn-I³ 

9. A. Znhkw B. Ie-−À C. amkw D. BgvN 

10. A. IznâÂ B. C©v C. ssaÂ D. hmc 

11. A. \mhv B. I®v C. ]Ãv D. aq¡v 

12. A. tKmX¼v B. dmKn C. s\Ãv D. ]bdv 

13. A. ]m¼v B. Xnanw-Kew C. AcW D. Ba 

14. A. s]³knÂ B. IS C. s]bnânwKv D. Iym³hmkv 

15. A. amhv B. ¹mhv C. sX§v D. tX¡v 

16. A. am§ B. B¸nÄ C. X¡mfn D. Dcp-f-¡n-g§v 

17. A. sNhn B. hncÂ C. ssI D. ImÂ 

18. A. tImgn B. BSv C. ]ip D. Im¡ 

19. A. Hm^okv B. hoSv C. _w¥mhv D. IpSnÂ 

20. A. Adn-bn-¸p-ImÀ B. Imgv-N-¡mÀ C. cN-bn-Xmhv D. tIÄhn-¡mÀ 

A. B. C. D. 
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TEST - III NUMERICAL REASONING 

Xmsg sImSp-¯n-cn-¡p¶ 6 tNmZy-§-fnÂ Ipsd kwJy-IÄ Hmtcm {Ia-¯nÂ sImSp-

¯n-cn-¡p-¶p. H¶v Fgp-Xm-sXbpw hn«n-cn-¡p-¶p. Xmsg A, B, C, D F¶o {Ia-¯nÂ 
\mev D¯-c-§Ä sImSp-¯n-cn-¡p-¶p.  Ch-bnÂ icn-bp-¯cw Is−¯n AS-bm-f-s¸-Sp-
¯pI 

DZm-l-c-Ww: 

1. 2, 4, 6, __, 10 

 A. 5 B. 8 C. 7 D. 11 

 

 

1. 4, 9, 16, 25, 36,  __ 

 A. 39 B. 47 C. 49 D. 59 

2. 25, 24, 22, 19, __, 10 

 A. 15 B. 16 C. 17 D. 14 

3. 6, 8, __, 20, 36,  __ 

 A. 15 B. 14 C. 16 D. 12 

4. 2, 6, 12, 20, 30,  __ 

 A. 42 B. 46 C. 40 D. 36 

5. 3, 3, 6, 18,  __ 

 A. 68 B. 33 C. 72 D. 29 

6. 0, 2, 4, 6, __, 10 

 A. 7 B. 5 C. 8 D. 9 

7 apXÂ 10 hsc-bp-ff tNmZy-§-fnÂ Hmtcm-¶nepw A, B, C, D F¶n-§s\ \mep 
kwJy-IÄ X¶n-«p-−v.  AXnÂ Hcp kwJy aäp aq¶p kwJy-I-tfmSpw tbmPn-¡msX 
\nÂ¡p-¶p. AXv GsX¶v I−p-]n-Sn¨v D¯-c-¡-S-em-ÊnÂ AS-bm-f-s¸-Sp-̄ pI 

DZm-l-c-Ww: 

 A. 1 B. 3 C. 6 D. 7 

CXnÂ A, B, D F¶nh Hä kwJy-Isf kqNn-¸n-¡p-¶p.  F¶mÂ ‘C’ Hä-kw-Jy-bÃ 

AXp-sIm−v D¯cw ‘C’ bmIp¶p. 

7. A. 1 B. 5 C. 25 D. 75 

A. B. C. D. 
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8. A. 3 B. 4 C. 7 D. 9 

9. A. 12 B. 24 C. 35 D. 48 

10. A. 150 B. 36 C. 12 D. 4 

11.  apXÂ 20 hsc-bp-ff tNmZy-§-fnÂ aq¶p kwJy-IÄ hoXw X¶n-«p-−v. \mem-
as¯ kwJy \n§Ä Fgp-tX-−-Xm-Wv.  X¶n-cn-¡p¶ aq¶p-kw-Jy-I-fnÂ 
BZys¯ c−p kwJy-IÄ X½n-ep-ff _Ôw a\-Ên-em¡n aq¶m-as¯ kwJy-

tbmSv tbmPn-¡p¶ kwJy A, B, C, D F¶o{I-a-¯nÂ sImSp-¯n-cn-¡p¶ kwJy-
I-fnÂ- \n¶pw sXc-sª-Sp¯v D¯-c-¡-S-em-ÊnÂ AS-bm-f-s¸-Sp-¯pI. 

DZm-l-c-Ww: 

1. 1:2 :: 2: ___ 

 A. 1 B. 4 C. 6 D. 7 

H¶nsâ Cc-«n-bmWv c−v. AXp-t]mse c−nsâ Cc-«n-bmWv \mev AXvsIm−v D¯cw 

‘B’ BWv. 

11. 3:5 :: 11: ___ 

 A. 12 B. 13 C. 14 D. 15 

12. 5:25 :: 3: ___ 

 A. 6 B. 12 C. 15 D. 9 

13. 1:6 :: 7: ___ 

 A. 12 B. 13 C. 11 D. 14 

14. 10:20 :: 18: ___ 

 A. 26 B. 36 C. 46 D. 52 

15. 4:5 :: 8: ___ 

 A. 6 B. 7 C. 5 D. 9 

16. 12:72 :: 6: ___ 

 A. 58 B. 38 C. 46 D. 52 

17. 12:4 :: 24: ___ 

 A. 6 B. 10 C. 8 D. 12 

18. 28:22 :: 46: ___ 

 A. 40 B. 38 C. 42 D. 29 

19. 49:7 :: 4: ___ 

 A. 16 B. 8 C. 2 D. 12 

20. 48:8 :: 18: ___ 

 A. 8 B. 4 C. 2 D. 3 
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TEST - IV VERBAL REASONING 

Cu hn`m-K-¯n-ep-ff Hmtcm tNmZy-§Ä¡pw A, B, C, D F¶ {Ia-¯nÂ \mep-hoXw 
D¯-c-§Ä sImSp-¯n-«p-−v. tNmZyw icn-bmbn hmbn¨v a\-Ên-em¡n icn-bmb D¯cw 
D¯-c-¡-S-em-knÂ AS-bm-f-s¸-Sp-¯p-I. 

DZm-l-c-Ww: 

1. _nµp-hn\v knµp-hn-t\-¡mÄ h®w IqSp-X-em-Wv. a©p-hn\p _nµp-hn-t\-¡mÄ 
h®w Ipd-hmWv. a©p-hn\pw kÔybv¡pw Xpey h®-am-Wp-ffXv.  F¶mÂ Ch-
cn-emÀ¡mWv Gähpw h®w IqSp-XÂ? 

 A. a©p B. _nµp C. knÔp D. kÔy 

 

 

1. A¸p Nn¸p-hn-t\-¡mÄ \¶mbn ]mSpw.  tZh\v I®-t\-¡mfpw ]mSm³ Ign-bn-Ã.  
I®\v A¸p-hn-t\-¡mÄ ]mSm³ Ignbpw.  F¶mÂ Ch-cnÂ BcmWv \¶mbn 
]mSp-¶Xv? 

 A. A¸p B. I®³ C. Nn¸p D. tZh³ 

2. cma³ ca-tb-¡mÄ ]n¶n-emWv \S-¡p-¶-Xv.  caWn ca-tb-¡mÄ ]n¶nepw cma-
t\-¡mÄ ap¶n-ep-amWv \S-¡p-¶-Xv.  cmPp ca-Wn-tb-¡mÄ ap³]n-emWv \S-¡p-
¶Xv F¦nÂ Gähpw ]pd-InÂ \S-¡p-¶-Xmcv? 

 A. cma³ B. caWn C. ca D. cmPp 

3. APbv hnP-bvt\-¡mÄ tPmen sN¿pw.  AtimIpw APn¯pw tPmen sN¿p-¶-
XnÂ Xr]vX-cm-Wv.  hnPbv Atim-In-t\-¡mÄ \¶mbn tPmen sN¿pw.  Ch-cnÂ 
Gähpw IqSp-XÂ tPmen sN¿p-¶-Xmcv? 

 A. AtimIv B. APn¯v C. hnPbv D. APbv 

4. cay `hy-tbmfw \r¯w sN¿n-Ã.  Znhy `hy-tb-¡mÄ \¶mbn \r¯w sN¿pw. 
hnZy Znhy-tb-¡mÄ \r¯-¯nÂ anSp-¡n-bm-Wv F¦nÂ Ch-cn-em-cmWv \r -̄
¯nÂ anSp-an-Sp¡n? 

 A. Znhy B. `hy C. cay D. hnZy 

5. Zo]-Insâ AÑ-\mWv taml-\sâ aI³ F¦nÂ Zo]Ipw taml-\\pw X½n-ep-ff 
_Ô-sa v́? 

 A. aI³ B.ktlm-Z-c³ C. A\- -́c-h³ D. sIm¨p-a-I³ 

6. d^o-¡n\v ap\o-dn-t\-¡mÄ ImgvN-bp-−v.  jao-dn\v kp[o-dn-t\-¡mÄ ImgvN-Ip-d-
hm-Wv.  kp[o-dn\v d^o-¡n-t\mfw ImgvN-i-àn-bn-Ã.  Ch-cnÂ BÀ¡mWv ImgvN 
Gähpw IqSp-XÂ? 

 A. kp[o-dn\v B. jao-dn\v C. d^o-¡n\v D. ap\o-dn\v 

A. B. C. D. 
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7. c−p-t]À tNÀ¶v ]¯v Znhkw sIm−v Hcp tPmen sNbvXp-XoÀ¯p. F¦nÂ 
HcmÄ¡v Hcp Znhkw sIm−v F{X tPmen sN¿m³ Ignbpw? 

 A. 1/2 B. 1/5 C. 1/10 D. 1/20 

8. Hcp shSn-sbm¨ A F¶ Øe¯p \n¶pw B F¶ Øe-s¯-¯m³ FSp-¡p¶ 

kabw 2 an\n-äv.  F¶mÂ 5 shSn-sbm-¨-IÄ A F¶ Øe¯p \n¶pw B F¶ 
Øe-s¯-¯m³ F{X ka-b-sa-Sp¡pw?  

 A. 10 ao B. 2 ao C. 4 ao D. 5 ao 

9. jÀan-fbv¡v ame-tb-¡mÄ {]mbw Ipd-hm-Wv.  Ip©\pw \µbv¡pw Xpey-{]m-b-
am-Wp-f-f-Xv.  kp[o-jn\v \µ-tb-¡mÄ {]mbw Ipd-hm-Wv. kp[o-jn\v jÀan-f-tb-
¡mÄ {]mbw IqSp-X-em-Wv.  amebv¡v kp[o-jn-t\mfw {]mbw CÃ.  F¶mÂ 
Gähpw IqSp-XÂ {]mb-amÀ¡v?  

 A. kp[ojv B. 2 ame C. 4 jÀanf D. Ip©³ 

10. Hcp tImtf-Pnse ^ok-S-bv¡m³ ‘Iyq’ hnse Ip«n-I-fpsS F®w 70 BIp-¶p.  
AXnÂ taml-\sâ Øew P\-ensâ ASp-¯p-\n¶pw 54-þ-a-t¯-Xm-sW-¦nÂ 
Ahsâ ]pd-InÂ F{X t]cpImWpw?  

 A. 15 B. 16 C. 17 D. 18 

11. sX¡p-]-Sn-ªmdv hS-¡m-sW-¦nÂ hS-¡p-In-g¡v F´m-bn-cn¡pw? 

 A. ]Sn-ªmdv B. sX¡p-]-Sn-ªmdv  C. Ing-¡p-]-Sn-ªmdv D. sX¡v 

12. A, B bpsS aI-\mWv B bpw C bpw ktlm-Z-cn-I-fmWv D, C bpsS A½bpw E, 
D bpsS aI-\p-amWv F¶mÂ Xmsg ]d-bp-¶-h-bnÂ GXmWv icn? 

 A. A bpsS A½-bpsS ktlm-Z-cn-bmWv E  

 B. C bpw E bpw ktlm-Z-cn-k-tlm-Z-c-·m-cm-Wv.  

 C. C, A bpsS A½q-½-bm-Wv.  

 D. A bpw E bpw -k-tlm-Z-c-·m-cm-Wv. 

13. Hcp I¼-\n-bnse sXmgn-em-fn-I-fpsS F®w 60 BIp-¶p.  AXnÂ 1/4 t]À¡v 
Imdpw 1/2 t]À¡v kvIq«dpw 1/10 t]À¡v Imdpw kvIq«-dp-ap-−v.  F¶mÂ F{X 
t]À¡mWv Imtdm, kvIq«tdm CÃm-¯Xv?  

 A. 12 B. 32 C. 30 D. 28 

14. 51 t]cp-ff Hcp ¢mÊnÂ AJn-en\v 21-þ-as¯ dm¦m-Wv.  Gähpw HSp-hn-es¯ 
dm¦p-ff Ip«n-bnÂ \n¶pw IW-¡m-¡p-t¼mÄ AJn-en\v F{Xm-as¯ dm¦m-bn-
cp¡pw D−m-hpI?  

 A. 12 B. 37 C. 31 D. 35 
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15. HcmÄ ‘X ’ F¶ Øe¯p \n¶pw 4 ssaÂ Ing-t¡m«p \S¶v CSt¯m«v 
Xncnªv ho−pw 5 ssaÂ \S¶v ho−pw CS-t¯m«v Xncn-ªv 2 ssaÂ \S-¶p.  
F¦nÂ AbmÄ Ct¸mÄ \S-¡p¶ Zni-tbXv?  

 A. hS¡v B. ]Sn-ªmdv C. Ing¡v D. sX¡v 

12. F, A bpsS ktlm-Zc-\mWv C, A bpsS aI-fmWv K, F sâ ktlm-Z-cn-bm-Wv. G, 
C bpsS ktlm-Z-c\mWv.  CXnÂ BcmWv G bpsS A½m-h³? 

 A. F B. C  C. K D. A  

17. hn\p-hn-t\-¡mÄ c−p-h-b-Êp-ff Pn\p-hn\v an\p-hn-t\-¡mÄ aq¶p-a-S§v {]mb-ap-
−v.  aq¶p-t]-cp-sSbpw hb-Êp-Iq-«n-bmÂ 19 In«pw F¦nÂ Pn\p-hnsâ hbÊv 
F{X?  

 A. 5 B. 3 C. 9 D. 10 

18. Hcp amth-en-tÌm-dnsâ ap¶n-ep-ff IyqhnÂ \nÂ¡p¶ X F¶-bm-fnsâ Øm\w 
ap¶nÂ \n¶pw 22-þ-a-t¯bpw ]n¶nÂ \n¶pw 28-þ-a-t¯-Xp-am-sW-¦nÂ BsI 
Iyqhn-ep-ff Bfp-I-fpsS F®-sa{X?  

 A. 49 B. 52 C. 50 D. 54 

19. A bv¡v Y tb¡mÄ \ofw IqSp-X-emWv B bv¡v X t\¡mÄ \ofw Ipd-hmWv X 

\pw Y bv¡pw Xpey \of-am-Wp-f-fXv. Z \v A tb¡mÄ \ofw IqSp-X-ep−v F¦nÂ 
Gähpw \ofw Ipd-hmÀ¡v? 

 A. X B. Y  C. A D. B 

20. iymansâ AÑ-\m-Wv kRvP-bnsâ aI-s\-¦nÂ iymapw kRvPbpw X½n-ep-ff 
_Ôw F v́?  

 A. aI³ B. sIm¨p-a-I³  C. ktlm-Z-c³ D. A\- -́c-h³ 

  



Appendix 

TEST - V COMPREHENSION 

Cu hn`m-K-¯n-ep-ff tNmZy-§-fnÂ Hmtcm-¶nepw GXm\pw Nne {]kvXm-h-\-IÄ 
sImSp-¯n-«p-−v.  Ch {i²m-]qÀÆw hmbn¨v AXn-\p-Xmsg sImSp-¯n-cn-¡p¶ tNmZy-

§Ä¡v D¯cw Is−-¯p-I. A, B, C, D F¶o {Ia-¯nÂ \mep- D¯-c-§Ä sImSp-
¯n-cn¡p¶p. icn- D¯cw Is−¯n D¯-c-¡-S-em-knÂ AS-bm-f-s¸-Sp-¯p-I. 

DZm-l-c-Ww: 

 kXo-jnsâ ]p{X-·m-cmWv A bpw B bpw, ]p{Xn-am-cmWv C bpw D bpw iyma-

bpsS a¡-fmWv X Dw Y bpw at\m-Pnsâ a¡-fmb E bpw F Dw Hcp I¼-\n-bnÂ tPmen-

bp-f-f-h-cm-Wv. A bpw D bpw hnhm-ln-X-cm-Wv. X hnhmlw sNbvXn-cn-¡p-¶Xv C sbbpw 

F hnhmlw sNbvXn-cn-¡p-¶Xv A sbbpw BWv. at\m-Pn\pw iymabv¡pw X½nÂ 
ktlm-Z-cn-k-tlm-Zc _Ô-am-Wv. 

tNmZy-§Ä 

1. X Dw Y bpw X½n-ep-ff _Ô-sa v́? 

 A. aI\pw AÑ\pw  B. ktlm-Z-cn-k-tlm-Z-c-·mÀ  

 C. ktlmZ-cn-k-tlm-Z-c-·m-cpsS a¡Ä D. aIfpw AÑ\pw 

 

 

 (1) Hcp ho«nse \mev AwK-§-fmWv W, X, Y, Z Ch-cnÂ W, X, Y hnZym-`ym-k-ap-

f-f-h-cmWv W, Y, Z kXy-k-Ôcpw Y, Z F¶n-hÀ tPmen-bp-f-f-h-cp-am-Ip-¶p. W, X, Z 
F¶n-hÀ¡v hn\-b-hp-ap-−v. 

1. BÀ¡mWv hnZym-`ym-kw, kXy-k-ÔX F¶o KpW-§-fp-f-fXpw F¶mÂ tPmen-
bn-Ãm-¯Xpw? 

 A. W B. X  C. Y D. Z 

2. tPmenbpw, hnZym-`ym-khpw kXy-k-Ôbpw Df-f-XmÀ¡mWv? 

 A. W B. X  C. Y D. Z 

3. BÀ¡mWv tPmenbpw kXy-k-Ô-bp-apf-fXpw F¶mÂ hnZym-`ym-k-an-Ãm-¯Xpw? 

 A. W B. X  C. Y D. Z 

4. hnZym-`ym-khpw hn\-bhpw Ds−-¦nepw kXy-k-Ôbpw tPmenbpw CÃm- -̄
XmÀ¡v? 

 A. W B. X  C. Y D. Z 

5. kXy-k-Ôbpw, tPmen-bpw, hn\-bhpw D−m-bn«pw hnZym-`ym-k-an-Ãm-¯-
XmÀ¡mWv? 

 A. W B. X  C. Y D. Z 

A. B. C. D. 
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 (2) Znt\-in\v A F¶ ]p{Xnbpw B, C F¶ ]p{X-·m-cp-ap−v. iyman\v P,Q F¶ 

]p{X-·mcpw R F¶ ]p{Xn-bp-ap−v. P bpw C bpw hnhm-ln-X-cm-Wv. M Dw N Dw 

Ah-cpsS ]p{X-·m-cpw. tcmln-Xnsâ ]p{X³ S, ]p{Xn T bpam-Wv. T hnhmlw Ign-

¨n-cn-¡p-¶Xv B sb, Ah-cpsS ]p{Xn-am-cmWv D bpw E bpw ]p{X³ G. 

6. Q hn\v N ambp-ff _Ô-sa v́?  

 A. AÑ³ B. ap¯Ñ³  C. A½m-h³  D. ]p{X³ 

7. Znt\in\v E bpam-bp-ff _Ô-sa v́?  

 A. ap¯-Ñ³ B. A½m-h³  C. AÑ³  D. ]p{X³ 

8. M \v R t\mSp-ff _Ô-sa v́?  

 A. A½ B. aIÄ C. A\´n-c-hÄ D. A½mbn 

9. B bv¡vv G tbmSp-ff _Ô-sa v́?  

 A. aI³ B. A½   C. A½m-bn  D. A\-´n-c-hÄ 

10. E bv¡vv S t\mSp-ff _Ô-sa v́?  

 A. t]c-¡n-Smhv B. A½mh³   C. ktlm-Z-cn-]p{Xn D. AÑ³ 

 (3) 5 PQ 8 = 52 + 8 = 25 + 8 = 33  BbmÂ?  

11. 4 PQ 4 = ? 

 A. 16 B. 20   C. 24 D. 12 

12. 4 PQ 1 = ? 

 A. 17 B. 12   C. 8 D. 9 

13. 5 PQ 5 = ? 

 A. 20 B. 30   C. 15 D. 25 

14. 6 PQ  ? = 108 

 A. 72 B. 82   C. 52 D. 42 

15. ? PQ 9 = 109 

 A. 50 B. 25   C. 20 D. 10 

(5) Hcp ho«nse Bdv AwK-§-fmWv U, V,W, X, Y, Z Ch-cnÂ HcmÄ ^pUvt_mÄ 
Ifn-¡m-c\pw asäm-cmÄ sNÊv Ifn-¡m-c\pw, C\n-bp-sam-cmÄ {In¡-äp-I-fn-¡m-c-\p-am-Wv. 

Ahn-hm-ln-X-I-fmb U Dw X Dw Hcp Ifn-bnepw ]s¦-Sp-¡p-¶n-Ã. Hä kv{Xo-Ifpw 
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^pUvt_mÄ Ifn-bntem {In¡äv Ifn-bntem GÀs¸Sp-¶n-Ã.  Ch-cnÂ Hcp hnhml 

tPmSn-bnse `À¯m-hmWv Z. W sâ ktlm-Z-c-\mb  V Hcp sNÊv Ifn-¡m-ct\m {In¡-

äp-I-fn-¡m-ct\m AÃ. Y, V bpsS Iq«p-Im-c\pw {In¡-äp-I-fn-¡m-c-\p-am-Wv. 

16. BcmWv ^pUvt_mÄ Ifn-¡m-c³? 

 A. X B. U  C. Y D. Z 

17. BcmWv sNÊv Ifn-¡mcn? 

 A. U B. V  C. W D. X 

18. BcmWv ‘Z’ sâ `mcy? 

 A. W B. V  C. U D. Y 

19. BscÃmamWv kv{XoIÄ? 

 A. UXV B. VYX  C. XZY D. UXW 

20. Bsc-Ãm-amWv ]pcp-j-·mÀ? 

 A. XUY B. UXV  C. VYZ D. WXZ 
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Appendix II 

UNIVERSITY OF CALICUT 

DEPARTMENT OF EDUCATION 

 
VERBAL GROUP TEST OF INTELLIGENCE 

(English Version) 

 

Dr. P.K. Sudheesh Kumar 

Hameed. A & Prasanna.A 

 

 This test is prepared to test the mental abilities of children.  The test includes 

5 sub tests.  Before writing the answer, read the instructions carefully given in the 

beginning of each sub test.  The mode of answering is explained with example.  You 

should start answering only after the instruction is given, and try to complete within 

the stipulated time.  Don’t write or mark anything on this question booklet.  Mark 

your response only in the Response sheet provided. 
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TEST- 1 VERBAL ANALOGY 

 In this section, for each question, three words are given.  You have to write 
the fourth word.  By understanding the relationship between the first word and second 
word from the given three words; select the fourth word from the alternatives A, B, C 
and D and mark it on the response sheet provided.  

Example: 

 Thirst : Water:: Hunger: ........................ 

 A. Meat B. Leisure C. Food D. Weariness 

 We drink water when we have thirst.  Likewise we take food when we are 
hungry.  Hence the correct answer is “C” 

  

 

1. Clever : Fox :: Foolishness: ................... 
 A. Monkey B. Bear C. Deer D. Ass 

2. Mercy : Cruelty:: Silence: ................... 
 A. Serene B. Noise C. Calmness D. Meditation  

3. Drama : Director:: Newspaper: ................... 
 A. Manager B. Editor C. Owner D. Press 

4. Ship : Captain:: Aero plane: ................... 
 A. Sea B. Airport C. Driver D. Pilot 

5. Cry : Laugh:: Sadness: ................... 
 A. Happiness B. Energetic C. Harmony D. Peace 

6. Shirt : Cloth::  Chappals: ................... 
 A. Chissel B. Leather C. Cobbler D. Tailor 

7. Crow : Black::  Swan: ................... 
 A. Bird B. Water C. White D. Grey 

8. Magazine : Reader:: Radio: ................... 
 A. Advertisers   B. Announcers  C. Spectators  D. Listeners 

9. Firewood : Axe:: Cloth: ................... 
 A. Machine B. Needle C. Scissors D. Thread 

10. Student : Classroom:: Player: ................... 
 A. Stadium B. Competition  C. Coach D. Game 

  

A. B. C. D. 
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11. House : Roof :: Earth: ................... 
 A. Air B. Sky C. Atmosphere D. Poles 

12. Child : Parents :: Book: ................... 
 A. Teacher B. Publisher C. Press D. Author 

13. Year : Month :: Week: ................... 
 A. Hour B. Minute C. Two weeks D. Day 

14. Night : Day :: Hatred: ................... 
 A. Help B. Mercy C. Love D. Failure 

15. Poet : Poem :: Music: ................... 
 A. Composer B. Writer C. Producer D. Conductor  

16. Snow : White :: Coal: ................... 
 A. Smoke B. Red C. Black D. Yellow 

17. Cow : Animal:: Hen: ................... 
 A. House B. Bird C. Egg D. Nest 

18. Swimming : Water :: Skating: ................... 
 A. Ice B. Sky C. Mountain D. Space 

19. Man : Autobiography :: Nation: ................... 
 A. People B. Population  C. Geography D. History 

20. Medicine : Disease :: Book: ................... 
 A. Knowledge B. Teacher C. Author  D. Publisher 

  



Appendix 

TEST - II VERBAL CLASSIFICATION 

In this section, for each question, for words are given, of which, three can be grouped 
together find out the fourth word, and mark it on the response sheet.  

Example: 

1. A. Sweetness B. Chilly C. Hotness D. Bitterness 

Among these words, A, C and D denote different tastes.  B (chilly) is not included in 
this category.  so the right answer is ‘B’. 

 

 

1. A. Teacher B. Principal C. Student D. Professor 

2. A. Bus B. Aero plane C. Bicycle D. Lorry 

3. A. Walking B. Thinking C. Swimming D. Jumping 

4. A. Circle B. Square C. Triangle D. Hexagon 

5. A. Beauty B. Senility C. Chap D. Youth 

6. A. Gram B. Kilogram C. Metre D. Quintal 

7. A. Peace B. Sound C. Medication  D. Stillness 

8. A. Director B. Actor C. Singer D. Orator 

9. A. Day B. Calender C. Month D. Week 

10. A. Quintal B. Inch C. Mile D. Feet 

11. A. Tongue B. Eye C. Teeth D. Nose 

12. A. Wheat B. Raggy C. Paddy D. Pie 

13. A. Snake B. Whale C. Chameleon D. Tortoise 

14. A. Pencil B. Umbrella C. Paint D. Canvas 

15. A. Mango tree B. Jack fruit tree C. Coconut tree D. Teak 

16. A. Mango B. Apple C. Tomato D. Potato 

17. A. Ear B.Finger C. Hand D. Leg 

18. A. Hen B. Goat C. Cow D. Crow 

19. A. Office B. House C. Bungalow D. Hut 

20. A. Announcers B. Spectators  C. Lyricist  D. Listeners  

  

A. B. C. D. 
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TEST - III NUMERICAL REASONING 

For the 6 items given below, certain numbers are given in particular orders.  For each 
item four alternatives are given as a, B, C and D.  Find out the right answer and mark 
it on the answer sheet.  

Example: 

1. 2, 4, 6, __, 10 

 A. 5 B. 8 C. 7 D. 11 

 

 

1. 4, 9, 16, 25, 36,  __ 

 A. 39 B. 47 C. 49 D. 59 

2. 25, 24, 22, 19, __, 10 

 A. 15 B. 16 C. 17 D. 14 

3. 6, 8, __, 20, 36 

 A. 15 B. 14 C. 16 D. 12 

4. 2, 6, 12, 20, 30,  __ 

 A. 42 B. 46 C. 40 D. 36 

5. 3, 3, 6, 18,  __ 

 A. 68 B. 33 C. 72 D. 29 

6. 0, 2, 4, 6, __, 10 

 A. 7 B. 5 C. 8 D. 9 

For the questions 7 to 10, four numerals are given.  Find out the numeral that is not 
related to the other three and mark it on the response sheet provided.  

Example: 

 A. 1 B. 3 C. 6 D. 7 

A, B and D  are the odd numbers whereas C is not an odd number.  Therefore the 
answer is ‘C’. 

  

 

7. A. 1 B. 5 C. 25 D. 75 

8. A. 3 B. 4 C. 7 D. 9 

9. A. 12 B. 24 C. 35 D. 48 

A. B. C. D. 

A. B. C. D. 
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10. A. 150 B. 36 C. 12 D. 4 

For the questions 11 to 20 three numbers are given.  You have to find out the fourth 
number from the given three numerals.  There is a relationship between the first two.   
Select the most appropriate numeral to the third one from the numerals A, B, C and 
D. 

Example: 

1. 1:2 :: 2: ___ 

 A. 1 B. 4 C. 6 D. 7 

One id multiple of two.  Similarly two is the multiple of four.  Therefore the answer 
is ‘B’. 

  

 

11. 3:5 :: 11: ___ 

 A. 12 B. 13 C. 14 D. 15 

12. 5:25 :: 3: ___ 

 A. 6 B. 12 C. 15 D. 9 

13. 1:6 :: 7: ___ 

 A. 12 B. 13 C. 11 D. 14 

14. 10:20 :: 18: ___ 

 A. 26 B. 36 C. 46 D. 52 

15. 4:5 :: 8: ___ 

 A. 6 B. 7 C. 5 D. 9 

16. 12:72 :: 6: ___ 

 A. 58 B. 38 C. 46 D. 52 

17. 12:4 :: 24: ___ 

 A. 6 B. 10 C. 8 D. 12 

18. 28:22 :: 46: ___ 

 A. 40 B. 38 C. 42 D. 29 

19. 49:7 :: 4: ___ 

 A. 16 B. 8 C. 2 D. 12 

20. 48:8 :: 18: ___ 

 A. 8 B. 4 C. 2 D. 3 

  

A. B. C. D. 
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TEST - IV VERBAL REASONING 

 For each question in this section four alternatives are given as A, B, C and D.  

Read the questions carefully and mark the answers on the response sheet provided. 

Example: 

1. Bindu is fatter than Sindhu.  Manju is not so fatter than Bindu.  Manju and 
Sandhya are equally fat.  Then who among them is the fattest? 

 A. Manju B. Bindu C. Sindu D. Sandhya 

 

 

1. Appu sings better than Chippu.  Devan can’t sing as good as Kannan.  Kannan 
can sing better than Appu.  Who is the singer among them? 

 A. Appu B. Kannan C. Chippu D. Devan 

2. Raman is walking behind Rama.  Ramani is walking behind Rama but infront 
of Raman.  Raju is walking in front of Ramani.  Then who is walking behind 
everybody? 

 A. Raman B. Ramani C. Rama D. Raju 

3. Ajay works more than Vijay.  Asok and Ajith has the same capacity to work.  
Vijay works better than Asok. Who is the hard worker? 

 A. Asok B. Ajith C. Vijay D. Ajay 

4. Ramya cannot dance as Bhavya.  Divya can dance, better than Bhavya.  
Vindhya’s performance in dance is better than Divya.  Then who is the top 
dancer? 

 A. Divya B. Bhavya C. Ramya D. Vidya 

5. If son of Mohanan is the father of Deepak.  What is the relationship between 
Deepak and Mohanan? 

 A. Son B. Brother C. Nephew D. Grandson 

6. Rafeeq has better sight power than Muneer.  Shameer have less sight to that of 
Sudheer.  Sudheer doesn’t have sight as that of Rafeeq.  Who among these have 
more power of sight? 

 A. Sudheer B. Shameer C. Rafeeq D. Muneer 

A. B. C. D. 
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7. If two persons have completed a job within 10 days. What amount of job one 
can do in one day? 

 A. 1/2 B. 1/5 C. 1/10 D. 1/20 

8. If the sound of a gunfire takes 2 minutes to reach from place A to place B, how 
much time the sounds of five gunfire will take to reach from place A to B? 

 A. 10 minutes B. 2 minutes C. 4 minutes D. 5 minutes 

9. Sharmila is younger than Mala.  Kunjan and Nanda are of the same age.  
Sudheesh is younger than Nanda and elder than Sharmila.  Mala is not as old as 
Sudheesh.   Then who is the eldest one? 

 A. Sudheesh B. Mala C. Sharmila D. Kunjan 

10. There are 70 students in a quene for remitting the fees.  If the place of Mohan is 
54th from the window how many students are there behind Mohanan? 

 A. 15 B. 16 C. 17 D. 18 

11. If South-West is North, What will be the North-East? 

 A. West B. South west C. East west D. South 

12. A is the son of B.  B and C are sisters.  D is the mother of C and E is the son of 
D.  Then, which is right among the following? 

 A. E is the uncle of A B. C and E are brother and sister  

 C. C is the grandmother of A D. A and E are brothers. 

13. There are 80 employees in a company in which 1/4 of them have a car 1/2 of 
them have scooter and 1/10 of them have both car and scooter.  Then  how many 
of them are there without a car or scooter? 

 A. 12 B. 32 C. 30 D. 28 

14. In a class having a strength of 51 students, the rank of Akhil is 21st.  When count 
from the least ranked student, which will be the rank of Akhil? 

 A. 12 B. 30 C. 31 D. 35 

15. A person started his journey from the place, X.  After walking 4 miles towards 
east he turned left and again walked 5 miles.  Then he turned left and walked 
two miles.  Then, to which direction now he is walking? 

 A. North B. West C. East D. South 

16. F is the brother of A and C is the daughter of A.  K is the sister of F and G is the 
brother of C.  Among them who is uncle of ‘G’? 

 A. F B. C C. K D. A 
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17. Jinu is two years elder than Vinu and have three times the age of Minu? If, the; 
sum of the age of 3 persons is 27, what is the age of Jinu? 

 A. 5 B. 3 C. 9 D. 10 

18. If the place of x, who is standing in a quene in front of a Maveli store, from the 
front is 22 and from the back is 28.  How many persons are there in the quene? 

 A. 49 B. 52 C. 50 D. 54 

19. A is longer than B and B is shorter than X.  X and Y are of the same length.  If 
Z is longer than A, who is the shortest one? 

 A. X B. Y C. A D. B 

20. If father of Syam is the son of Sajjay, what is the relationship; between Syam 
and Sajjay.? 

 A. Son B. Grandson C. Brother D. Nephew 
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TEST - V COMPREHENSION 

In this section, for every question, some statements are given.  Four alternatives are 
given for every question as A, B, C and D.  Read the statements carefully and find out 
the answers and mark it on the answer sheet  provided. 

Example: 

 Satheesh have two sons.  A and B and two daughters C and D. Shyama have 
two children X and Y.  Manoj have two children namely E and F and they are 
employed in a company.  A and D are married.  X married C and F married A.  Manoj 
is the brother of Shyama.  

Question: 

1. What is the relationship between X and E? 

 A. Father and Son  B. Brother and Sister 

 C. Cousins   D. Father and daughter 

 

 

 (1) W,X,Y and Z are the members of a home.  Among them W, X and Y are 
educated and W,Y and Z are honest.  Y and Z are employed and W, X and Z have 
humility. 

1. Who have education and honesty, but is not employmed? 

 A. W B. X  C. Y D. Z 

2. Who is honest, educated and employed? 

 A. W B. X  C. Y D. Z 

3. Who is honest and employed but does not have education? 

 A. W B. X  C. Y D. Z 

4. Who have education and humility, yet not with honesty and employment? 

 A. W B. X  C. Y D. Z 

5. Who doesn’t have education, even if he is humble, honest and employed? 

 A. W B. X  C. Y D. Z 

(2) Dinesh have a daughter namely A and two sons namely B and C.  Shyam have two 
sons namely P and Q and a daughter R.  P and C are married and they have two sons, 
M and N.  Rohit is the father of both S and T.  T and B are married and they have two 
daughters D and E and a son G  

6. What is the relationship between Q and N?  

 A. Father B. Grand father C. Uncle D. Son 

A. B. C. D. 
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7. What is the relationship between Dinesh and E?  

 A. Grandfather B. Uncle C. Father  D. Son 

8. What is the relationship between M and R?  

 A. Mother B. Daughter C. Niece D. Aunt 

9. What is the relationship between B and G ?  

 A. Daughter  B. Mother C. Aunt D. Niece 

10. What is the relationship between E and S?  

 A. Grandson B. Uncle   C. Niece D. Father 

(3) If 5 PQ 8 = 52 + 8 = 25 + 8 = 33   

11. 4 PQ 4 = ? 

 A. 16 B. 20   C. 24 D. 12 

12. 4 PQ 1 = ? 

 A. 17 B. 12   C. 8 D. 9 

13. 5 PQ 5 = ? 

 A. 20 B. 30   C. 15 D. 25 

14. 6 PQ  ? = 108 

 A. 72 B. 82   C. 52 D. 42 

15. ? PQ 9 = 109 

 A. 50 B. 25   C. 20 D. 10 

(5) U, V,W, X, Y and Z are the members of a home.  One among them is a foot ball 
player and another one, a chess player.  The third person is a cricket player.  U and X 
are unmarried women and they do not participate in any game.  No women are 
engaged in playing football or in cricket.  Z is the husband of a married couple.  V, 
the brother of W is not a chess player or a cricket player.  Y, is the friend of ‘V’ and 
a cricket player.  

16. Who is the football player? 

 A. X B. U  C. Y D. Z 

17. Who is the chess player? 

 A. U B. V  C. W D. X 

18. Who is the wife of ‘Z’? 

 A. W B. V  C. U D. Y 

19. Who are the ladies? 

 A. UXV B. VYX  C. XZY D. UXW 

20. Who are the gents? 

 A. XUY B. UXV  C. VYZ D. WXZ 
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DEPARTMENT OF EDUCATION 

VERBAL GROUP OF INTELLIGENCE 

RESPOSE SHEET 

 

Name: Class:   Age: 

School: 

Boy/Girl: 

S
l.

N
o

 

Answers 

S
l.

N
o

 

Answers 

S
l.

N
o

 

Answers 
S

l.
N

o
 

Answers 

S
l.

N
o

 

Answers 

1 A B C D 1 A B C D 1 A B C D 1 A B C D 1 A B C D 

2 A B C D 2 A B C D 2 A B C D 2 A B C D 2 A B C D 

3 A B C D 3 A B C D 3 A B C D 3 A B C D 3 A B C D 

4 A B C D 4 A B C D 4 A B C D 4 A B C D 4 A B C D 

5 A B C D 5 A B C D 5 A B C D 5 A B C D 5 A B C D 

6 A B C D 6 A B C D 6 A B C D 6 A B C D 6 A B C D 

7 A B C D 7 A B C D 7 A B C D 7 A B C D 7 A B C D 

8 A B C D 8 A B C D 8 A B C D 8 A B C D 8 A B C D 

9 A B C D 9 A B C D 9 A B C D 9 A B C D 9 A B C D 

10 A B C D 10 A B C D 10 A B C D 10 A B C D 10 A B C D 

11 A B C D 11 A B C D 11 A B C D 11 A B C D 11 A B C D 

12 A B C D 12 A B C D 12 A B C D 12 A B C D 12 A B C D 

13 A B C D 13 A B C D 13 A B C D 13 A B C D 13 A B C D 

14 A B C D 14 A B C D 14 A B C D 14 A B C D 14 A B C D 

15 A B C D 15 A B C D 15 A B C D 15 A B C D 15 A B C D 

16 A B C D 16 A B C D 16 A B C D 16 A B C D 16 A B C D 

17 A B C D 17 A B C D 17 A B C D 17 A B C D 17 A B C D 

18 A B C D 18 A B C D 18 A B C D 18 A B C D 18 A B C D 

19 A B C D 19 A B C D 19 A B C D 19 A B C D 19 A B C D 

20 A B C D 20 A B C D 20 A B C D 20 A B C D 20 A B C D 
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Appendix IV 

UNIVERSITY OF CALICUT 

DEPARTMENT OF EDUCATION 
 

VERBAL GROUP TEST OF INTELLIGENCE 
 

SCORING KERY 

TEST 1 TEST 2 TEST 3 TEST 4 TEST 5 

Sl.No Answers Sl.No Answers Sl.No Answers Sl.No Answers Sl.No Answers 

1 D 1 C 1 C 1 B 1 A 

2 B 2 B 2 A 2 A 2 C 

3 B 3 B 3 D 3 D 3 D 

4 D 4 A 4 A 4 B 4 B 

5 A 5 C 5 C 5 D 5 D 

6 B 6 C 6 C 6 C 6 C 

7 C 7 B 7 A 7 D 7 A 

8 D 8 A 8 B 8 B 8 D 

9 C 9 B 9 C 9 D 9 A 

10 A 10 A 10 A 10 B 10 B 

11 B 11 C 11 B 11 D 11 B 

12 D 12 D 12 D 12 B 12 A 

13 D 13 B 13 A 13 A 13 B 

14 C 14 B 14 B 14 C 14 A 

15 A 15 D 15 D 15 B 15 D 

16 C 16 D 16 B 16 A 16 D 

17 B 17 A 17 C 17 C 17 C 

18 A 18 D 18 A 18 A 18 A 

19 D 19 A 19 C 19 D 19 D 

20 A 20 C 20 D 20 B 20 C 
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Appendix V 

SCIENTIFIC REASONING TEST IN CHEMISTRY  

(Malayalam Version) 

School of Pedagogical Sciences  

Mahatma Gandhi University Kottayam 

 

Standard: IX (Time: 45 minutes) Maximum Marks: 45  
 

 
Premachandran P. Dr.Sajna Jaleel 
UGC-Senior Research Fellow  Assistant Professor 
School of Pedagogical Sciences School of Pedagogical Sciences 
Mahatma Gandhi University Mahatma Gandhi University 
Kottayam Kottayam 
 
s]mXp- \nÀt±-i-§Ä 

• FÃm tNmZy-§fpw {i²m-]qÀÆw hmbn-¡pI 

• FÃm tNmZy-§Ä¡pw D¯-c-sa-gp-XpI 

• D¯-c-I-S-em-knÂ X¶n-cn-¡p¶ \nÀt±-i-§Ä¡v A\p-kr-X-ambn D¯cw AS-
bm-f-s¸Sp-¯pI 

1. sskt¢m-sl-Ivsk-bv\nse ssl{U-P³ Bä-§-fpsS F®w F{X? 

 a)6 b) 10 c) 12 d)8 

Q. X¶n-cn-¡p¶ ]«n-Isb Bkv]-Z-am¡n tNmZy-§Ä¡v (2 þ 3) D¯-c-sa-gp-XpI 

aqeIw Pe-hp-am-bp-ff 
{]hÀ¯\w 

t\À¸n¨ Bkn-Up-am-
bp-ff {]hÀ¯\w {Zh-Wm¦w km{µX 

Na 
Xo{h-amb 

{]hÀ¯\w 

Xo{h-amb 
{]hÀ¯\w  

kmh-[m-\-¯n-ep-ff 
{]hÀ¯\w 

98oC 0.97 

Fe {]hÀ¯-\-anÃ 

Xo{h- 
{]hÀ¯\¯neqsS 
ssl{U-P³ D−m-Ip-

¶p. 

1537oC 7.87 

K 

Xo{h-{]-hÀ¯-\-
¯n-eqsS ssl{U-
P³ hmXIw D−m-

Ip-¶p. 

Xo{h-{]-hÀ¯-\-¯n-
eqsS ssl{U-P³ 

D−m-Ip-¶p. 
64oC 0.86 

Zn {]hÀ¯-\-anÃ ssl{U-P³ hmXIw 
D−m-Ip-¶p. 419oC 7.1 

Ag {]hÀ¯-\-anÃ {]hÀ¯-\-anÃ 962oC 10.5 
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2. Pe-hp-ambpw t\À¸n¨ Bkn-Up-ambpw {Inbm-tijn IqSp-XÂ ImWn-¡p¶ aqe-I-
§Ä Gh? 

 a) Fe & K b) Na & K c) K & Zn d) Na & Zn 

3. B`cW \nÀ½m-W-¯n\v A\p-tbm-Py-amb aqeIw GXv? 

 a) Na b) Fe c) Ag d) Zn 

4. s]m«mkyw s]Àamw-K-t\äv NqSm-¡p-t¼mÄ e`n-¡p¶ hmXIw? 

 a) MnO2 b) O2 c) N2 d) O3 

5. Np#p-hsS X¶n-cn-¡p¶ ]«nI ]qÀ¯o-I-cn-¡p-I. 

Atäm-anI 
\¼À cmk-kq{Xw \maw {Kq¸v ]ncn-bUv 

4 ---- ImÀ_¬ ----- 2 

8 O -------- 16 ----- 

18 ---- BÀK¬ --- 3 

20 Ca ImÂkyw --- ---- 

13 ----- ---------- 13 3 
 
6. ImÀ_¬ssU HmIvssk-Unsâ GXv cq]-amWv ioXn-Im-cn-bmbn D]-tbm-Kn-¡p-

¶Xv? 

 a) {Kmss^äv  b) ImÀs_m-d−w c) ss{U sFkv d) NmÀt¡mÄ  

7. X¶n-cn-¡p¶ Nn{Xo-I-c-W-¯nÂ \n¶pw Ch-bpsS Ønc-X-bpsS icn-bmb Btcm-
l-W-{Iaw Is−-¯pI? 

:N N: , :O::O: , :Cl..Cl:&& && && &&MM
&& &&

 

 a) Cl2<O2<N2 b) Cl2< N2<O2 c) O2< N2<Cl2 d) N2<O2<Cl2 

8. X¶n-cn-¡p¶ aqe-I-§-fpsS Ce-Ivt{Sm-s\-K-än-hn-än-bpsS Ah-tcm-l-W-{Iaw GXv? 

 

 a) X>Y>Z b) Z>Y>X c)Y>Z>X d)X>Z>Y 

9. C8H14  F¶ ImÀ_-WnI kwbp-à-¯nsâ s]mXp X·m-{Xm-hmIyw? 

 a) CnH2n b) CnH2n+2 c)CnH2n-1 d) CnH2n-2 
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10. NphsS X¶n-cn-¡p¶ cmk-k-a-hm-Iy-¯nse hn«p-t]mb `mKw ]qcn-¸n-¡p-I. 

 2224 ......822216 ClOHMnClKClKMnOHCl +++→+  

 a)1 b)5 c) 4 d 3 

11. IpSn-shÅw ip²o-I-cn-¡m³ t¢mdn³ D]-tbm-Kn-¡p-¶-Xn-\p-ff ImcWw: 

 a) t¢mdnsâ HmIvko-I-cW KpWw b) t¢mdnsâ \ntcm-Ivko-I-cW KpWw  

 c) t¢mdnsâ DbÀ¶ km{µX d) t¢mdnsâ \nÀÖ-eo-I-c-W-KpWw 

12. t¢mdnsâ Ce-Ivt{Sm¬ hn\ymkw 2, 8, 7 BWv t¢mdn³ ØncX t\Sp-¶-Xn-\p-
th−n ssIh-cn-t¡− NmÀÖv Xmsg X¶n-cn-¡p-¶-h-bnÂ GXmWv? 

 a) -2 b) - 1 c) +1 d) +2 

13.  

  

 apI-fnÂ X¶n-cn-¡p¶ {Iao-I-c-W-¯nÂ Db-c-ap-ff sagp-Ip-Xncn Ah-km\w AW-
bp¶p CXn\p ImcWw?  

 a) CO2 Pze-\-k-lm-bn-bÃ b) CO2 sâ DbÀ¶ Xnf-\ne 

 c) CO2 hnsâ DbÀ¶ km{µX d) CO2 sâ Xmgv¶ km{µX 

14. {Kq¸nÂ DÄs¸-Sm-¯Xv sXc-sª-Sp-¡pI? 

 a) C3H8 b) C4H8 c) C5H12 d) C4H10 

15.  

  

 X¶n-cn-¡p¶ kwbp-à-̄ nsâ t]cv F v́? 

 a) _yq«o³ b) slIvskbv³     c) s]âo³ d) s]ssâ³ 

16. ssl{U-P³ hmXIw knen-−-dp-I-fn-em¡n Xd-bn-eqsS Dcp-«n-sIm-−p-t]m-Ip-¶Xv 
{]tbm-Kn-I-aÃ F¶v ]d-bp-¶p.  CXn\p ImcWw F v́? 
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 a) ssl{U-P³ hmX-I-¯n\v `mcw IqSp-X-emWv  

 b) ssl{U-Ps\ {ZmhIam-¡m³ km[n-¡nÃ 

 c) ssl{U-P\v km{µX Ipd-hmWv d) ssl{U-P\v kvt]mS-\-tijn D−v. 

17. sl]vssä-\nsâ LS-\m-hmIyw Xmsg-X-¶n-cn-¡p-¶-h-bnÂ GXmWv? 

  

Q. Nne aqe-I-§fpw Ah-bpsS Ce-Ivt{Sm¬ hn¶ym-khpw X¶n-cn-¡p-¶p.  ]«n-Isb 

Bkv]-Z-am-¡n-bp-ff tNmZy-¯n\v (18) D¯-c-sa-gp-XpI 

aqeIw CeIvt{Sm¬ hn\ymkw 

Li 2, 1 

Be 2, 2 

B 2, 3 

C 2, 4 

N 2, 5 

O 2, 6 

F 2, 7 
18. X¶n-cn-¡p¶ ]«n-I-bnÂ \n¶pw hyà-am-Ip¶ Bibw F v́? 

 a) aqe-I-§Ä kam-\-kz-`mhw ImWn-¡p¶p  

 b) aqe-I-§Ä Htc {Kq¸nÂ DÄs¸Sp¶p 

 c) aqe-I§Ä Htc ]ocn-b-UnÂ ImW-s¸-Sp-¶p.   

 d) aqe-I-§Ä FÃmw teml-§-fmWv 

Q. NphsS X¶n-cn-¡p¶ hnh-cWw {i²m-]qÀÆw hmbn-¨-Xn-\p-tijw X¶n-cn-¡p¶ 
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tNmZy-§Ä¡v (19þ20) D¯-c-sa-gp-Xp-I. 

 A -́co-£-hm-bp-hnsâ GI-tZiw 70% ss\{S-P³ hmX-I-am-Wv.  CSnbpw an¶epw 
D−m-Ip-t¼mÄ A -́co-£-¯nÂ Ce-Iv{SnIv UnkvNmÀPp-IÄ {]h-ln-¡-s¸-Sp-
Ibpw A -́co-£-hm-bp-hnse kzX{´ ss\{S-P³ HmIvkn-P-\pambn tNÀ¶v 

ss\{SnIv HmIvsskUv hmX-Iw, (NO) D−m-hp-Ibpw sN¿p-¶p.  Cu ss\{SnIv 
HmIvsskUv hmXIw IqSp-XÂ HmIvkn-P-\p-ambn  tNÀ¶v ss\{S-P³ ssUHm-

IvsskUv (NO2) Bbn amdp-¶p.  ss\{SP³ ssUHm-IvsskUv ag-ta-J-§-fnÂ 
ebn¨v ss\{SnIv Bkn-Umbn `qan-bn-se-¯p-¶p.  Ch a®nse eh-W-§-fp-ambn 
tNÀ¶v ss\t{S-äp-IÄ cq]-s¸-Sp-¯p-Ibpw thcp-IÄ hen-s¨-dn-bpI hgn kky-§-
fnÂ F¯n-t¨-cp-Ibpw sN¿p-¶p.  Ch kky-§Ä¡p-ÅnÂ h¨v Aant\m Akn-
Up-I-fmbn amdn IqSn-tNÀ¶v t{]m«o-\p-IÄ cq]w sImÅp-¶p. A -́co-£-¯nse 
ss\{S-P³ C{]-Imcw XpSÀ¨-bmbn D]-tbm-Kn-¡-s¸-Sp-¶p-sh-¦nepw  Ah-bpsS Af-
hn\v hyXymkw kw`-hn-¡p-¶n-Ã.  CXn\p ImcWw kky-§-fp-sSbpw P´p-¡-fp-
sSbpw ac-W-tijw Ah-bpsS Ah-in-jvS-§Ä hnL-Sn-¡-s¸-Sp-¶-Xnsâ ^e-ambn 
kwbp-àm-h-Ø-bn-ep-ff ss\{S-P³ kzX-{´m-h-Ø-bn-te¡p amdp¶p F¶p-f-f-
XmW.v 

19. ss\{SnIv HmIvsskUv cq]w sImÅp-¶-Xnsâ cmk-k-a-hmIyw GXv? 

 a) N + O →NO  b) 2N + O2 →2NO 

 c) 2N2 + O2 →2NO  d) N2 + O2 → 2NO 

20. t{]m«o\p-IÄ \nÀ½n-¡-s¸-«n-cn-¡p-¶Xv F v́ LS-I-§Ä tNÀ¶mWv? 

 a) \yq¢nIv BknUv  b) ss\t{S-äp-IÄ  

 c) Aant\m BknUv  d) ss\{SnIv BknUv  

Q. X¶n-cn-¡p¶ ssl{U-Psâ hnhn[ Bäw LS-\-Isf Bkv]-Z-am¡n tNmZy-¯n\v 
(21) D¯-c-sa-gp-XpI 

 

21. X¶n-cn-¡p-¶-h-bnÂ \yqt{Sm-Wn-Ãm¯ sFtkm-tSm-¸nsâ t]sc v́? 

 a) Uyq«o-cnbw b) t{]m«nbw c) {Snjnbw  d) sslt{Um-Wnbw 

22. NphsS X¶n-cn-¡p-¶-h-bnÂ hn«p-t]mb `mKw icn-bmb _Ôw Is−¯n ]qcn-¸n-
¡pI 

 h{Pw :B`-c-W-§Ä \nÀ½n-¡m³ D]-tbm-Kn-¡p¶p 

 ........... : \mt\m kmt¦-XnI hnZy-bnÂ D]-tbm-Kn-¡p-¶p. 

 {Kmss^äv : kvt\l-I-ambn D]-tbm-Kn-¡p¶p 
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22. tNcpw-]Sn tNÀ¡p-I. 

  

  

24. BtKm-f-Xm-]-\s¯ Akv]-Z-am-¡n-bpff \mev {]kvXm-h-\-IÄ NphsS X¶n-cn-¡p-
¶p.  Ch-bnÂ sXämb {]kvXm-h\ GXv? 

 a) BtKm-f-Xm-]\w {[ph-§-fnse aªp-cp-Ip-¶-Xn\v Imc-W-am-Ip-¶p. 

 b) BtKm-f-Xm-]\w Imem-hØ amdp-¶-Xn\v Imc-W-am-Ip-¶p.  

 c) BtKm-f-Xm-]\w lcn-X-k-ky-§-fpsS hfÀ¨sb Xzcn-X-s¸-Sp-¯p¶p. 

 d) BtKm-f-Xm-]\w Bhmk hyh-Ø--bpsS \mi-¯n\v Imc-W-am-Ip¶p.  

25. ]ocn-tbm-UnIv tS_n-fnsâ A]qÀ®-cq]w Xmsg \ÂIn-bn-cn-¡p-¶p.  skÃp-I-fnÂ 
\ÂIn-bn-cn-¡p-¶Xv aqe-I-§-fpsS bXmÀ° {]Xo-I-§-f-Ã. tS_n-fns\ Bkv]-Z-
am¡n \ÂIn-bn-cp-¡p¶ tNmZy-§Ä¡v (65-þ70) D¯cw Fgp-XpI.  

  

 a) c−mw ]ocn-b-Unse Gähpw sNdnb aqeIw GXv? 

 b) CeIvt{Sm t]mkn-än-hnän Gähpw IqSnb aqeIw GXv? 

 c) kw{I-aW ape-I-§Ä GsX-Ãm-amWv? 

 d) CeIvt{Sm s\K-än-hnän IqSnb aqeIw GXv? 

 e) DbÀ¶ teml-KpWw {]ZÀin-¸n-¡p¶ aqeIw GXv? 

 f) 5 kwtbm-PI Ce-Ivt{Sm-Wp-IÄ Dff aqeIw GXv? 
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26. Xmsg¸d-bp-¶-h-bnÂ t¢mdnsâ D]-tbm-K-§-fnÂ DÄs¸-Sm-¯Xv GXv? 

 a) »o¨n§v ]uU-dnsâ \nÀ½mWw  

 b) t]mfn-hn-ss\Â t¢mssd-Unsâ \nÀ½mWw 

 c) kÄ^yq-dn-¡m-kn-Unsâ \nÀ½mWw   d) IpSn-shÅ ip²o-I-cWw 
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Appendix VI 

SCIENTIFIC REASONING TEST IN CHEMISTRY  

(English Version) 

School of Pedagogical Sciences  

Mahatma Gandhi University Kottayam 

 

Standard: IX (Time: 45 minutes) Maximum Marks: 45  
 
 
Premachandran P. Dr.Sajna Jaleel 
UGC-Senior Research Fellow  Assistant Professor 
School of Pedagogical Sciences School of Pedagogical Sciences 
Mahatma Gandhi University Mahatma Gandhi University 
Kottayam Kottayam 
 
 
General Instruction  

• Read all the questions carefully 

• Answer all the questions 

• Answer as per the Instructions given in the answer sheet  

1. What is the total number of hydrogen atoms in Cyclohexane? 

 a)6 b) 10 c) 12 d)8 

Q:Answer the questions (2-3) based on the following table. 

Element 
Reaction with 

water 

Reaction with 

Dilute Acid 
Melting Point Density 

Na 
Vigorous 

Reaction 

Vigorous 

Reaction 
98oC 0.97 

Fe No Reaction Slow Reaction 1537oC 7.87 

K 

Produces 

Hydrogen 

through 

Vigorous 

reaction 

Produces 

Hydrogen 

through 

Vigorous 

reaction 

64oC 0.86 

Zn No Reaction 
Produces 

Hydrogen Gas 
419oC 7.1 

Ag No Reaction No Reaction 962oC 10.5 
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2. Which are the elements giving high reactivity towards acid and water? 

 a) Fe & K b) Na & K c) K & Zn d) Na & Zn 

3. Which is the element most suitable for making ornaments? 

 a) Na b) Fe c) Ag d) Zn 

4. Which is the gas produced on heating Potassium Permanganate? 

 a) MnO2 b) O2 c) N2 d) O3 

5. Complete the following Table. 

Atomic 

Number 
Symbol Name Group Period 

4 ---- Carbon ----- 2 

8 O ---- 16 ----- 

18 ---- Argon --- 3 

20 Ca Calcium --- ---- 

13 ----- ------ 13 3 

6. Which form of carbon dioxide is using as freezing agent? 

 a) Graphite  b) Carborandum c) Dry Ice d) Charcoal  

7. Find out the correct ascending order of the stability of the following 

representations? 

:N N: , :O::O: , :Cl..Cl:&& && && &&MM
&& &&

 

 a) Cl2<O2<N2 b) Cl2< N2<O2 c) O2< N2<Cl2 d) N2<O2<Cl2 

8. Which is the descending order of electro negativity of the given elements? 

 

 a) X>Y>Z b) Z>Y>X c)Y>Z>X d)X>Z>Y 

9. What is the general equation for the hydrocarbon C8H14? 

 a) CnH2n b) CnH2n+2 c)CnH2n-1 d) CnH2n-2 
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10. Fill the following blank of the given chemical equation: 

 2224 ......822216 ClOHMnClKClKMnOHCl +++→+  

 a)1 b)5 c) 4 d 3 

 
11. The reason behind the use of chlorine for drinking water purification: 

 a) The oxidizing property of chlorine b) The reducing property of chlorine 

 c) High density of chlorine d) The dehydrating nature of chlorine 

12. The electronic configuration of chlorine is 2, 8, 7.  Which of the following 

charges should be acquired by chlorine in order to get stability? 

 a) -2 b) - 1 c) +1 d) +2 

13.  

  

 In the above shown arrangement the tallest candle flame extinguishes lastly. 

The reason is;  

 a) CO2 is not favoring combustion b) High Boiling Point of CO2 

 c) High Density of CO2 d) Low Density of CO2 

14. Find out the odd one? 

 a) C3H8 b) C4H8 c) C5H12 d) C4H10 

15.  

  

 What is the name of the above shown compound? 

 a) Butene b) Hexane c) Pentene d) Pentyne 
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16. It is said that is not practical to roll hydrogen contained cylinders through the 

ground.  What is the reason? 

 a) Hydrogen gas has high weight b) Hydrogen cannot be liquefied 

 c) Hydrogen has low density d) Hydrogen has Exploding Nature 

Q. Some elements and their electronic configuration are given in the following table. 

Answer the questions (17) based on the table.  

  

Element Electronic Configuration 

Li 2, 1 

Be 2, 2 

B 2, 3 

C 2, 4 

N 2, 5 

O 2, 6 

F 2, 7 

17. What is the idea getting clear from the above Table? 

 a) Elements show similar properties b) Elements belong to same group 

 c) Elements lie in the same period  d) Elements are all metals 

Q. Read carefully the following passage and answer the following questions (18). 

 70% of atmosphere is Nitrogen gas.  When lightning occurs, electric discharges 

are generated in the atmosphere and free Nitrogen present in the atmosphere 

combines with oxygen to form Nitric Oxide (NO).  This Nitric oxide combines 

with more oxygen to form Nitrogen dioxide (NO2).  Nitrogen dioxide dissolves in 

rainy clouds to form Nitric Acid and reaches earth.  They combines with minerals 

present in soil to form Nitrates and through the absorption by roots, they reaches 

the plant body.  They form amino acids inside the plants and get combined to form 

proteins.  Even though nitrogen is getting consumed continuously through these 

processes, no change occurs to the amount of nitrogen.  This is because by the 

decomposition of dead remains of plants and animals, Free Nitrogen gets liberated 

into the atmosphere from its compounds.  

18. Which is the chemical equation for the formation of Nitric oxide? 

 a) N + O →NO  b) 2N + O2 →2NO 

 c) 2N2 + O2 →2NO  d) N2 + O2 → 2NO 
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19. From which components, proteins are made up of? 

 a) Nucleic acid b) Nitrates c) Amino Acids d) Nitric Acid  

Q. Answer the following questions (20) based on the various Hydrogen atom models 

 

20. Which of the above is the isotope without neutrons? 

 a) Deuterium b) Protium c) Tritium   d) Hydronium  

21. Fill in the blank given below by finding out the appropriate relation. 

 Diamond: Used to make ornaments 

 ..............: Used in Nano technology 

 Graphite: Used as solid lubricant  

22. Match the following. 

  

23. Four statements regarding global warming is given below.  Which one of them is 

wrong? 

 a) Global warming is responsible for the melting of polar ice caps 

 b) Global warming is responsible for the weather changes  

 c) Global warming promotes the growth of green plants. 
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 d) Global warming is responsible for the destruction of eco system.  

24. An incomplete form of periodic table is given below.  The symbols which are 

given in cells are not real.  Answer the following questions (a-f) based on the table.  

  

 a) Which is the smallest element of second period? 

 b) Which is the element having highest electro positivity? 

 c) Which are the transition elements? 

 d) Which is the element having higher electro negativity? 

 e) Which is the element showing high metallic character? 

 f) Which is the element having 5 valence electrons? 

25. Which of the following is not a use of chlorine? 

 a) Preparation of bleaching powder b) Preparation of poly vinyl chloride 

 c) Preparation of sulphuric acid  d) Drinking water purification  
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Appendix VII 

SCIENTIFIC REASONING TEST IN CHEMISTRY  

School of Pedagogical Sciences  

Mahatma Gandhi University Kottayam 

 

RESPONSE SHEET 

Name of student: Class: 

Division:  Name of school: 

No. A B C D No. A B C D 
1     3     
2     4     

5 

Atomic 
Number 

Symbol Name Group Period 

4 --- �✂�8� --- 2 
8 O ------- 16 --- 

18 ---- K�Q� --- 3 
20 Ca �✂>©�� --- --- 
13 ----- ------- 13 3 

 

 
No. A B C D No. A B C D 
6     14     
7     15     
8     16     
9     17     

10     18     
11     19     
12     20     
13     21     

22     .......................................: !✂"!✂ �✂"���� ������> t�"�✂Q�;<. 
 
23 
 

A B C 
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No. A B C D No. A B C D 
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25 a  
b  
c  
d  
e  
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No. A B C D No. A B C D 
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Appendix VIII 

SCIENTIFIC REASONING TEST IN CHEMISTRY  

School of Pedagogical Sciences  

Mahatma Gandhi University Kottayam 

 

ANSWER KEY 

Qn.No Answer Marks 

1 12 1 

2 Na &K 1 

3 Ag 1 

4 O2 1 

5  10 
Btäm-anI 

\¼À 
cmk-kq{Xw \maw {Kq¸v ]ncoUv 

4 C ImÀ_¬ 14 2 

8 O HmIvkn-P³ 16 2 

18 Ar BÀK¬ 18 3 

20 Ca ImÂkyw 2 4 

13 Al Aeq-an-\nbw 13 3 

6 ss{U sFkv 1 

7 Cl2<O2<N2 1 

8 X<Z<Y 1 

9 CnH2n-2 1 

10 5 1 

11 t¢mdnsâ HmIvko-I-cW KpWw 1 

12 -1 1 

13 CO2 hnsâ DbÀ¶ km{µX 1 

14 C4H8 1 

15 s]âo³ 1 

16 ssl{U-P\v kvt^mS-\-tijn D−v  1 

17 

 

1 

18 aqe-I-§Ä Hmtc ]ncn-b-UnÂ ImWs¸Sp¶p 1 

19 N2+O2 →2NO 1 

20 Aant\m BknUv 1 

21 t{]m«nbw 1 

22 ^vfqdn³ 1 

23   

A B C  
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24 BtKm-f-Xm-]\w lcn-X-k-ky-§-fpsS hfÀ¨sb 
Xzcn-X-s¸-Sp-¯p¶p 

1 

25a J  

b D  

c J  

d E,F  

e D  

f I  

26 kÄ^yq-dn-¡m-kn-Unsâ \nÀ½mWw  1 

 Total Marks 45 
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Appendix IX 

FAROOK TRAINING COLLEGE, KOZHIKODE 
Research Centre in Education, University of Calicut 

 
SCALE OF ATTITUDE TOWARDS CHEMISTRY  

(Malayalam Version) 
 

Prof. (Dr.) T. Mohamed Saleem Sukanya Rani P 
Principal & Professor Research Scholar 
Farook Training College 

\nÀt±-i§Ä  

ck-X-{ -́hn-j-b-¯nÂ \n§-fpsS ]T-\-hp-ambn _Ô-s¸« GXm\pw {]kvXm-h-

\-I-fmWv Xmsg sIm-Sp-¯n-«p-Å-Xv. Hmtcm {]kvXm-h-\-tbmSpw aq¶v coXn-bnÂ {]Xn-I-

cn-¡mw. 1) tbmPn-¡p¶p  2) A`n-{]m-b-anÃ  3) hntbm-Pn-¡p-¶p. Hmtcm {]kvXm-h-\bpw 

{i²m-]qÀÆw hmbn-¡p-Ibpw \n§sf kw_-Ôn¨v F{X-am{Xw icn-bm-sW¶v Xocp-am-

\n-¡p-Ibpw sNbvX- tijw {]tXyIw X¶n-cn-¡p¶ D¯-c-¡-S-em-ÊnÂ AXmXv 

{]kvXm-h-\-bpsS \¼-dn\v t\sc A\p-tbm-Py-amb tImf-¯nÂ icn (�) NnÓw 

sIm−v tcJ-s¸-Sp-¯p-I.  

 
1) im-kv-{X hn-j-b-§Ä ]Tn-¡m³ F-\n-¡p Iq-Sp-XÂ C-ã-am-Wv. 

2) c-k-X-{ -́]T-\w F-\n-¡p hf-sc k-t´m-jw \Â-Im-dp−v. 

3) am-\-h-cm-in-bp-sS hnIm-k ]-cn-Wm-a-§-fnÂ c-k-X-{ -́¯n-\v ap-Jyam-b ]-¦m-Wp-
ÅXv. 

4)  im-kv-{X hn-j-b-§-fnÂ G-ähpw _p-²n-ap-«p-Å hn-j-b-am-Wv c-k-X-{´w. 

5)  c-kX-{´ kn-²m- -́§Ä \-¶m-bn ]Tn-¡-W-sa-¶p F-\n-¡v B-{K-l-ap−v. 

6)  c-k-X{´w F-¶ hnj-bw ]e-t¸mgpw hf-sc k-¦oÀ-®ambn tXm¶m-dp-−v.   

7)  c-k-X{´w F-¶ hn-j-b-t¯m-SpX-s¶ s]m-Xp-sh XmÂ-]-cy-Ip-d-hmWv. 

8)  im-kv-{X-ta-f-I-fnÂ c-k-X-{ -́hp-am-bn _-Ô-s¸-« ]-cn-]m-Sn-IÄ A-h-X-cn-¸n-¡m-dp-
−v.  

9)  c-k-X-{ -́s¯ kw-_-Ôn-̈ v Izn-kv ]-cn-]m-Sn-I-fnÂ ]-s¦-Sp-¡m-dp−v. 

10)  B-tKm-f Xm]-\w t]m-se-bp-Å {]-Xn-`m-k-§-fnÂ c-k-X-{ -́¯n-\v Iq-Sp-XÂ kw-
`m-h-\-IÄ sN-¿m³ I-gn-bpw.  

11)  ]-¨-¡-dn-I-fnepw a-äp \n-tXym-]-tbm-K km-[-\-§-fnÂ am-bw tNÀ-¡p¶-Xv  k-aq-l-
¯n-\v lm-\n-I-c-am-sW-¶-Xn-\mÂ A-h-bv-s¡-Xn-sc {]-Xn-I-cn-¡m³ tXm-¶m-dp−v. 

12)  c-k-X-{ -́ hnj-bw A-Xn-th-Kw hn-I-kn-¡p-¶ ]-Ým-¯-e-¯nÂ \-½p-sS ]mT-]p-kv-
X-I-§fpw A-Xn-\-\p-tbm-Py-am-bn ]-cn-jv-I-cn-t¡-−-Xp-−v.  

13)  c-k-X-{ -́¯n-se kn-²m- -́§Ä sh-dp-sX Im-Wm-sX ]Tn-¡p-¶-XnÂ F-\n-¡v Xm-
ev-]-cy-anÃ.  
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14) Po-hn-X-hp-am-bn Iq-Sp-XÂ _-Ô-ap-Å- hnjbw F¶ \ne-bnÂ F\n¡v c-k-X-{ -́
hn-j-bt¯mSp Iq-Sp-XÂ Xm-Xv-]-cyw tXm¶m-dp-−v.  

15)  Po-hn-X-¯n-sâ kÀ-Æ-ta-J-e-I-fpw c-k-X-{ -́hp-am-bn _Ôn-¸n-¡m³ Ign-bpw.  

16)  c-k-X-{ -́¯n-se ]-e kn-²m- -́§fpw ]Tn-¡m³ F-\n-¡p _p-²n-ap-«mWv. 

17) ]-co-£-W-im-em {]-hÀ-̄ -\ ]-cn-]m-Sn-IÄ Ir-Xy-am-bpw Nn-«-bmbpw      Rm³ sN-
bv-Xp XoÀ-¡m-dp−v. 

18)  c-k-X-{ -́em-_nÂ t]m-Im³ X-s¶ F-\n-¡v `-b-amWv. 

19)  c-k-X-{ -́em-_n-se ]-co-£-W-§Ä sN-¿m³ hf-sc _p-²n-ap-«-\p-`-hn-¡p¶p. 

20)  sse-{_-dn-bnÂ \n¶pw c-k-X-{ -́hp-am-bn _-Ô-s¸-« ]p-kv-X-I-§Ä hm-bn-¡m³ F-
Sp-¡m-dp-−v.  

21)  c-k-X-{´m-[y-]I-sâ ¢m-kp-IÄ h-f-sc-b-[n-Iw A-dn-hp-IÄ \Â-Ip-¶-Xm-bn- A\p-
`-h-s¸-Sm-dp-−v.   

22)  c-k-X-{ -́hp-am-bn _-Ô-s¸-«p-Å s{]m-P-Îp-IÄ sN-¿m³ hf-sc Xm-Xv-]-cy-aWv. 

23)  c-k-X-{ -́s¯-¡p-dn-¨v Iq-Sp-XÂ A-dn-bm³ CâÀ-s\-äv DÄs¸-sS-bpÅ ]pXnb 
kt¦-X-§Ä DÄs¸-Sp-¯m-dp-−v.  

24)  c-k-X-{ -́¯n-se \q-X-\am-b I-s−-¯-ep-I-sf-¡p-dn-¨v A-dn-bm³ F-\n-¡p AXn-
bmb Xmev]-cy-am-Wv.  

25)  c-k-X-{ -́s¯-¡p-dn-¨p Iq-Sp-XÂ A-dn-bm³ k-b³-kv am-K-kn-\p-Ifpw      ]p-kv-X-
I-§fpw hm-§n-¡m-dp−v. 

26)  k-aq-l-¯n-\v D-]-Im-c-{]-Z-am-Ip-¶ c-kX-{´ s{]m-P-Îp-IÄ G-sä-Sp-¡-W-sa-¶v F-
\n-¡m-{K-l-ap-−v. 

27)  c-k-X-{ -́¯nÂ ]n-t¶m-¡w \nÂ-¡p-¶ Ip-«nI-sf A-h-cp-sS ]-T\-¯nÂ   k-lm-
bn-¡m-dp-−v.  

28)  sSIv-t\m-f-Pn-bp-sS D-]-tbm-Kw h-gn c-k-X-{ -́¢m-kp-IÄ B-kzm-Zy-I-c-am-¡m³ I-gn-
bpw.  

29)  sS-en-hn-j³ Nm-\-ep-I-fn-se c-k-X-{´]T-\ ¢m-kp-IÄ ]-c-amh-[n D-]-tbm-K-s¸-Sp-
¯m-dp−v. 

30)  c-k-X-{ -́]T-\-hp-am-bn _-Ô-s¸-«p-−m-Ip-¶ G-Xp kw-i-b-§fpw c-k-X-{´m-[y-]-
I-\p-am-bn NÀ-¨-sN-¿m-dp−v. 

31)  ]-cn-Øn-Xn kwc-£-W ]-cn-]m-Sn-I-fnÂ c-k-X-{ -́ hn-ZymÀ-°n-IÄ-¡p       Iq-Sp-
XÂ kw-̀ m-h-\ sN-¿m³ I-gn-bpw F¶v F\n-¡p-d-̧ p-−v.  

32)  Im-em-h-Ø hy-Xn-bm-\-§Ä t]m-ep-Å Im-cy-§-fnÂ C-S-s]-«p c-k-X-{´   -hn-ZymÀ-
°n-IÄ-¡p k-aq-l-t¯m-Sv kw-h-Zn-¡m³ I-gn-bpw.   

33)  c-kX-{´ ]-co-£-bnÂ amÀ-¡p Ip-d-bp-t¼mÄ F-\n-¡v A-Xnbm-b Zpx-Jw tXm-¶m-
dp−v. 

34) cmk-h-kvXp-¡-sf-¡p-dn-s¨m¶pw ]Tn-¨n«v Pohn-X-¯nÂ bmsXmcp {]tbm-P-\-hp-an-
Ã.  

35) sF³Ìo³ t]mse-bpÅ imkv{X-Ú-·m-cpsS Bß-I-Y-IÄ Fs¶ hf-sc-b-
[nIw kzm[o-\n-¨n-«p-−v.  

36)  sslkvIqÄ Xe-¯nÂ ck-X{´w Hcp \nÀ_-ÔnX hnj-b-am-¡n-b-Xp-sIm−v 
{]tXy-In¨v Hcp KpW-hp-an-Ã.  
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37) ck-X{´ ¢mÊnÂ asä-s -́¦nepw hmbn-¡mt\m Fgp-Xmt\m BWv F\n¡v IqSp-
XÂ CjvSw. 

38) ck-X{´ hnj-bs¯ kw_-Ôn-¨pÅ Iznkv aÕ-c§fnÂ ]s¦-Sp-¡p-¶-Xp-
sIm−v {]tXy-In-s¨m¶pw t\Sm-\n-Ã.  

39) ck-X-X-{ -́hp-ambn _Ô-s¸-«pÅ Zn\m-N-c-W-§Ä \nXy-Po-hn-X-¯n\v {]tXy-In-
s¨mcp KpW-hp-an-Ãm-¯-Xm-Wv. 

40) bqdn¡ t]mse-bpÅ hnÚm-t\m-Õh ]cn-]m-Sn-I-fnÂ ]s¦-Sp-¡m³ F\n¡v 
Xmev]-cy-an-Ã. 

41) ck-X-{ -́¯nse HmÀKm-\nIv sIankv{Sn t]mse-bpÅ `mK-§Ä ]Tn¨v amÀ¡v 
t\SpI F¶Xv hfsc _p²n-ap-«pÅ Imcy-am-Wv.  

42) hnIvtSgvkv Nm\-enÂ ck-X-{ -́hp-ambn _Ô-s¸-«pÅ ¢mkp-IÄ Im-Wm³ 
F\n¡v Gsd Xmev]-cy-am-Wv.  

 

 

  



Appendix 

Appendix X 

FAROOK TRAINING COLLEGE, KOZHIKODE 
Research Centre in Education, University of Calicut 

 
SCALE OF ATTITUDE TOWARDS CHEMISTRY  

(English Version) 
 

Prof. (Dr.) T. Mohamed Saleem Sukanya Rani P 
Principal & Professor Research Scholar 
Farook Training College 

Instructions: 

Below are 42 statements related to your study in Chemistry. Each statement can be 

responded to in there ways. 1) Agree 2) No Comments 3) Disagree. After reading each 

statement carefully and deciding how many are true to you, mark Yes (�) in the 

appropriate column against the number of the respective statement in the separate 

answer sheet provided. 

1. I like to study Science subjects more. 

2. I enjoy studying Chemistry very much.  

3. Chemistry has played a major role in the progress of mankind. 

4. Chemistry is one of the most difficult subjects in Science. 

5. I want to study Chemistry theories well. 

6. Chemistry as a subject often seems very complicated.  

7. There is generally little interest in the subject of Chemistry. 

8. Programmes related to Chemistry are presented in Science fairs. 

9. I used to participate in quiz programmes related to Chemistry. 

10. Chemistry can contribute more to phenomena such as global warming. 

11. Adulteration of vegetables and other daily commodities is considered to be 
harmful to the society. 

12. As the subject of Chemistry evolves rapidly, our text books also need to be 
revised accordingly. 

13. I am not interested in just learning the theories of Chemistry.  

14. I tend to be more interested in Chemistry as it is more related to life. 

15. All areas of life can be connected to Chemistry. 

16. I find it difficult to learn many theories in Chemistry. 
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17. I carry out laboratory work programmes in a precise and orderly manner.  

18. I am afraid to go to Chemistry lab. 

19. Experiments in the Chemistry lab are very difficult to do.  

20. I used to take books related to Chemistry from the library. 

21. Chemistry classes often sounds very informative. 

22. I am very much interested in doing Chemistry related projects. 

23. New techniques along with internet should be adopted to learn more 
Chemistry.  

24. I am very interested in learning about the latest discoveries in Chemistry. 

25. Science magazines and books are bought to learn more about Chemistry. 

26. I want to take up Chemistry projects that will benefit the society. 

27. I used to help the children who are backward in Chemistry. 

28. Chemistry classes can be made more enjoyable through the use of technology.  

29. Chemistry classes on television channels are utilized to the maximum extent.  

30. Any doubts regarding the study of Chemistry are discussed with the  Chemistry 
teacher. 

31. I am sure that Chemistry students can contribute more in environmental 
protection programmes.  

32. Chemistry students can interact with society by intervening on issues such as 
climate change.  

33. I feel very sad when I fail in Chemistry exams.  

34. Learning about chemicals is of no use is life. 

35. Autobiographies of scientists like Einstein have influenced me greatly. 

36. Making Chemistry a compulsory subject at the high school level does not do 
much good.  

37. I prefer to read or write something else in Chemistry class. 

38. There is nothing special to be gained by participating in Chemistry quiz 
competitions.  

39. Chemistry related day celebrations are of no particular use in everyday life.  

40. I am not interested in participating science fairs like Eureka.  

41. It is very difficult to get marks in the areas like Organic Chemistry. 

42. I am very interested to watch Chemistry classes on Victors channel. 
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Appendix XI 

FAROOK TRAINING COLLEGE, KOZHIKODE 
Research Centre in Education, University of Calicut 

SCALE OF ATTITUDE TOWARDS CHEMISTRY  
 

RESPONSE SHEET 

Name of student: Class: 

Division:  Name of school: 

Type of School: Aided/Govt. Gender:   
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1     16     31    

2     17     32    

3     18     33    

4     19     34    

5     20     35    

6     21     36    

7     22     37    

8     23     38    

9     24     39    

10     25     40    

11     26     41    

12     27     42    

13     28         

14     29         

15     30         
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Appendix XII 

FAROOK TRAINING COLLEGE, KOZHIKODE 
Research Centre in Education, University of Calicut 

 
SCALE OF SELF-EFFICACY IN CHEMISTRY  

(Malayalam Version) 
 

Prof. (Dr.) T. Mohamed Saleem Sukanya Rani P 
Principal & Professor Research Scholar 
Farook Training College 

\nÀt±-i§Ä  

ck-X-{ -́hn-j-b-¯nÂ \n§-fpsS ]T-\-hp-ambn _Ô-s¸« GXm\pw {]kvXm-h-

\-I-fmWv Xmsg sIm-Sp-¯n-«p-Å-Xv. Hmtcm {]kvXm-h-\-tbmSpw aq¶v coXn-bnÂ {]Xn-I-

cn-¡mw. 1) FÃm-bvt¸m-gpw  2) Nne-t¸m-sgms¡  3) Hcn¡-ep-anÃ. Hmtcm {]kvXm-h-\bpw 

{i²m-]qÀÆw hmbn-¡p-Ibpw \n§sf kw_-Ôn¨v F{X-am{Xw icn-bm-sW¶v Xocp-am-

\n-¡p-Ibpw sNbvX- tijw {]tXyIw X¶n-cn-¡p¶ D¯-c-¡-S-em-ÊnÂ AXmXv 

{]kvXm-h-\-bpsS \¼-dn\v t\sc A\p-tbm-Py-amb tImf-¯nÂ icn (�) NnÓw 

sIm−v tcJ-s¸-Sp-¯p-I.  

 
1) c-k-X-{ -́hp-am-bn _-Ô-s¸-«n-«p-Å hn-j-b-§-Ä ¢m-knÂ A-h-X-cn-̧ n-¡p-hm³ Ign-

bp-sa¶ hnizmkw F\n-¡p-−v.  

2)  c-k-X-{ -́hp-am-bn _-Ô-s¸-«p sk-an-\m-dp-I-fnÂ t]-¸-dp-IÄ A-h-X-cn-̧ n-¡m³ F-
\n-¡v Ignbpw.  

3)  c-k-X-{ -́]mT-§-fp-am-bn _-Ô-s¸-«n-«p-Å kw-i-b-§Ä Rm³ kp-lr-¯p-¡-fp-am-
bn NÀ-¨-sN-¿m-dp−v. 

4)  c-k-X-{´m-[ym]-I-t\m-Sv kw-i-b-§Ä tNm-Zn-¡m³ Rm³ a-Sn Im-Wn-¡m-dnÃ. 

5)  c-k-X-{ -́¯n-sâ hnI-k-\ N-cn{Xw ]Tn-¡m³ F-\n-¡p h-f-sc-b-[n-Iw XmÂ-]-cy-
amWv. 

6)  ssK-Up-I-fpsS-tbm, kp-lr-¯p-¡-fpsStbm k-lm-b-t¯m-sS am-{X-ta Kr-l-]mT-
§Ä sN-¿m³ F-\n-¡v I-gn-bm-dpÅp. 

7)  Kr-lm-h-iy-¯n-\m-bn I-S-I-fnÂ \n-¶v tkm-¸v, Un-äÀPâv Xp-S§n-b km-[-\-§Ä 
hm-§p-t¼mÄ c-k-X-{ -́̄ n-eq-sS t\Sn-b A-dn-hv Rm³ D-]-tbm-K-s¸-Sp-¯m-dp−v. 

8)  H-cp c-k-X-{ -́Ú³ B-hm³ th-−p¶ ssh-Z-Kv-[y-s¯ Ip-dn-t¨mÀ-¡p-t¼mÄ F-
\n-¡v A-Xnbm-b {]Xo-£-bmWv A\p-`-h-s¸-Sp-¶-Xv.  

9)  c-kX-{´ ]mT-§Ä kz-bw hm-bn-¨p a-\-Ên-em-¡m³ F-\n-¡p _p-²n-ap-«mWv. 

10)  c-k-X-{ -́¯n-se ]-e B-i-b-§-fpw h-kv-Xp-X-Ifpw ]qÀ-®-am-bn DÄ-s¡m-Åm³ F-
\n-¡v {]-bm-k-amWv. 

11)  c-k-X-{ -́hp-am-bn _-Ô-s¸-«p-Å em-_v ]-co-£-W-§Ä sN-¿m³ F-\n-¡p km[n-
¡m-dp-−v.   
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12)  c-k-X-{ -́]T-\-hp-am-bn _-Ô-s¸-«v k-l-]mTn-IÄ-¡p-−m-Ip-¶ _p-²n-ap-«p-IÄ 
ZqcoI-cn-¡m³ Rm³ {i-an-¡m-dp-−v.  

13)  c-kX-{´ ]T-\-hp-am-bn _-Ô-s¸-«p-Å G-Xp Im-cy-§Ä sN-¿p-t¼mgpw A-Xn-sâ 
B-i-bhpw B-h-iy-I-Xbpw DÄ-s¡m-Åm-\m-bn Rm³ Iq-Sp-XÂ {i-² ]p-eÀ-̄ m-
dp−v. 

14)  ]-co-£^-ew h-cp-¶-Xn-\v ap³-]p-X-s¶ D-bÀ-¶ hnP-bw t\-Sm-\m-hp-sa-¶ hn-izm-
kw F-\n-¡p-−m-Im-dp−v. 

15)  c-kX-{´ ]-co-£-bp-am-bn _-Ô-s¸-«p-−m-Ip-¶ {]-bm-k-§Ä ]-e-t¸mgpw  F-s¶ 
Iq-Sp-XÂ A-tem-k-c-s¸-Sp-̄ m-dp-−v.  

16)  c-kX-{´ ]mT-§-fn-se B-i-b-§Ä hy-à-am-bn DÄ-s¡m-Åm³ ]-e-t¸mgpw F-\n-
¡p I-gn-bm-dnÃ. 

17)  c-kX-{´ A-[ym]-I-tcm-Sv F-\n-¡p am-\-kn-I-am-bn A-Sp-¸w Ip-d-hmWv. 

18)  c-k-X-{ -́¯n-se A-ssk³-saâp-IÄ F-gp-Xm³ F-\n-¡v s]m-Xp-sh a-Sp-¸mWv. 

19)  c-k-X{´w F-¶ hnj-bw kz-bw ]Tn-¡m-\p-Å I-gn-hv F-\n-¡p−v. 

20)  c-k-X-{´ em-_n-se hnhn-[ cm-k-h-kv-Xp-¡Ä G-sXÃm-am-sW-¶v Ir-Xy-am-bn Xn-cn-
¨-dn-bm³ F-\n-¡p-I-gn-bpw. 

21)  c-k-X-{ -́hp-am-bn _-Ô-s¸-«p-Å s{]m-P-Îp-IÄ G-sä-Sp-¯v \-S-¯m\pÅ {]m]vXn 
F\n-¡p-−v.  

22)  c-kX-{´ ]mT-§-fp-am-bn _-Ô-s¸-« B-i-b-§Ä ]qÀ-®-ambpw DÄ-s¡m-Åm³ 
F\n¡v Ign-bm-dp-−v.  

23)  c-k-X-{ -́hp-am-bn _-Ô-s¸-«p-Å Im-cy-§Ä XmÂ-]-cy-ap-Å-hÀ-¡v ]-d-ªp-sIm-Sp-
¡p-¶-XnÂ F-\n-¡v A-Xnbm-b k-t´m-j-a-Wp-Å-Xv.  

24)  c-k-X-{ -́em-_nÂ \-S-¯p-¶ \n-co-£-W ]-co-£-W {]-hÀ-¯-\-§-fnÂ k-l-
]mTnI-sf k-lm-bn-¡m³ F\n¡v Ign-bm-dp-−v.   

25)  c-kX-{´ ]-co-£-I-fpw, ¢m-kp-I-fn-se a-äp {]-hÀ-̄ -\ ]-cn-]m-Sn-Ifpw A-`n-ap-Jo-I-
cn-t¡-−n-h-cp-t¼mÄ F-\n-¡p `-bw tXm-¶m-dnÃ.  

26)  c-k-X-{ -́hp-am-bn _-Ô-s¸-«p-Å G-Xp A-dn-hp-Ifpw ]-c-amh-[n ti-J-cn-¡m³ 
Rm³ {i-an-¡m-dp-−v.  

27)  c-k-X-{ -́¯n-se ]pXn-b km-[y-X-I-sf-¡p-dn-¨v Rm³ t_m-[-hm-\mWv. 

28)  c-k-X-{ -́]mT-]p-kv-X-I-̄ n-se Im-cy-§Ä F-sâ k-l-]mTn-I-sf-¡q-Sn ]Tn-̧ n-¡m³ 
am{Xw I-gn-sh-\n-¡p-−v. 

29)  c-k-X-{ -́]T-\-hp-am-bn _-Ô-s¸-« em-_nÂ G-Xp cm-k-h-kv-Xp-¡Ä ssI-Imcyw 
sN-¿m\pw F-\n-¡p I-gn-bp-sa-¶ hn-izm-k-sa-\n-¡p−v. 

30)  c-k-X-{ -́¯n-se {]-bm-k-tadn-b em-_v {]-hÀ-¯-\-§Ä-t]mepw ]qÀ-¯n-bm-¡m³ 
F-\n-¡v km-[n-¡m-dp-−v.  

31)  D-Nn-Xam-b co-Xn-bnÂ ]T-\-{]-hÀ-¯-\-§Ä sN-bv-Xp-XoÀ-¡m³ F-\n-¡p I-gn-bm-
dp−v. 

32)  c-k-X-{´ kw-_-Ôam-b NÀ-¨-I-fnÂ kp-lr-¯p-¡-tfm-sSm-¸w B-ß-hn-izm-k-
t¯m-sS Rm\pw ]-s¦-Sp-¡m-dp−v. 
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33)  a-äp- Ip-«n-IÄ-¡v c-kX-{´ Kr-l-]mT-§Ä sN-t¿-− co-Xn-IÄ Rm³ ]-d-ªp-sIm-
Sp-¡m-dp−v. 

34)  c-k-X-{ -́¯n-se em-_n-se hnhn-[ D-]-I-c-W§-sf F-\n-¡p Xn-cn-¨-dn-bm³ I-gn-
bm-dp−v. 

35)  c-kX-{´hpambn _Ô-apÅ GXvXcw tPmenbpw sN¿m³ F\n¡v Ign-bpw.  

36)  c-k-X-{ -́¯nÂ Rm³ sN-¿p-¶ s{]m-P-Îp-IÄ-¡v \Ã A-`n-{]m-bw In-«m-dp−v. 

37)  ]-co-£m-k-ab-¯v c-kX-{´ k-a-hm-Iy§Ä HmÀ-s¯-Sp-¡m³ F\n-¡p    km-
[n¡mdp-−v.   
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Appendix XIII 

FAROOK TRAINING COLLEGE, KOZHIKODE 
Research Centre in Education, University of Calicut 

 
SCALE OF SELF-EFFICACY IN CHEMISTRY  

(English Version) 
 

Prof. (Dr.) T. Mohamed Saleem Sukanya Rani P 
Principal & Professor Research Scholar 
Farook Training College 

Instructions: 

Below are 37 statements related to your study in Chemistry. Each statement can be 

responded to in there ways. 1) Always 2) Sometimes 3) Never. After reading each 

statement carefully and deciding how many are true to you, mark Yes (�) in the 

appropriate column against the number of the respective statement in the separate 

answer sheet provided. 

1. I believe that topics related to Chemistry can be presented in class. 

2. I can present papers in Chemistry related seminars. 

3. I used to discuss doubts related to Chemistry lessons with my friends.  

4. I don't hesitate to ask questions to Chemistry teacher. 

5. I am very interested in studying the history of the development of Chemistry. 

6. I can do homework only with the help of guides or friends. 

7. I use the knowledge gained through Chemistry when I buy things like soap, 
detergent, etc. from the shops for household purposes. 

8. I feel a sense of hope when I think about the skills it takes to become a chemist. 

9. I find it difficult to read and understand Chemistry. 

10. I find it difficult to fully grasp many concepts and facts in Chemistry. 

11. I can do lab experiments related to Chemistry. 

12. I try to remove the difficulties faced by my classmates regarding the study of 
Chemistry. 

13. Whenever I do anything related to the study of Chemistry, I take extra care to 
understand its concept and requirements. 
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14. I have the belief that I can achieve high success even before the exam result 
comes. 

15. Difficulties associated with Chemistry exams often annoy me more. 

16. Often I am not able to grasp concepts clearly in Chemistry lessons. 

17. I have little emotional attachment to Chemistry teachers. 

18. I am generally tired of writing assignments in Chemistry.  

19. I have the ability to study Chemistry on my own. 

20. I can identify each and every chemicals in a Chemistry lab. 

21. I have the ability to undertake and carry out Chemistry related projects. 

22. I can fully grasp the concepts related to Chemistry. 

23. I am very happy to share Chemistry related topics with those who are interested.  

24. I am able to help my classmates in observational experiments in Chemistry Lab. 

25. I don't feel scared when I have to face Chemistry tests and other activities in 
class. 

26. I try to gather as much knowledge as I can in Chemistry. 

27. I am aware of new possibilities or opportunities in Chemistry.  

28. I have the ability to teach my classmates what is in the Chemistry text book. 

29. I am confident that I can handle any chemical in the Chemistry lab. 

30. I am able to complete even the most difficult lab activities in Chemistry. 

31. I am able to complete learning activities appropriately. 

32. I confidently participate in the discussions related to Chemistry with my friends. 

33. I help other children to study Chemistry lessons. 

34. I can identify different equipments in the Chemistry lab. 

35. I can do any type of work related to Chemistry.  

36. My projects in Chemistry get good feedback from my teachers and friends. 

37. I can memorize Chemistry equations during examinations. 
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Appendix XIV 

FAROOK TRAINING COLLEGE, KOZHIKODE 
Research Centre in Education, University of Calicut 

SCALE OF SELF-EFFICACY IN CHEMISTRY 
 

RESPONSE SHEET 

Name of student: Class: 

Division:  Name of school: 

Type of School: Aided/Govt. Gender:   
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1     16     31    

2     17     32    

3     18     33    

4     19     34    

5     20     35    

6     21     36    

7     22     37    

8     23         

9     24         

10     25         

11     26         

12     27         

13     28         

14     29         

15     30         
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Appendix XV 

FAROOK TRAINING COLLEGE, KOZHIKODE 
Research Centre in Education, University of Calicut 

 
ACHIEVEMENT TEST IN CHEMISTRY FOR  

IX STANDARD PUPILS OF KERALA  

(Malayalam Version) 
 

Prof. (Dr.) T. Mohamed Saleem Sukanya Rani P 
Principal & Professor Research Scholar 
Farook Training College 
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1. �!$✂ A�
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�!C✂ O&�5��� 1@5: ��!�✂B
>✂,� 9$✂P%��. 

A.   ��8R5: B.   1@5:  C.   O&�5:  D.   �V✂ �: 

2. 1@�
�X ��H@L	� 4✂
Y� �,�� �Z8% !���[✂,�? 

A.   !]✂!^✂_ B. �`!a✂_ C.   -& !b✂_ D. �`�
��� 
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7. C�L��� !�✂!Z✂k
�X C✂�� � ?�✂�
�
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A.   MgCl2  B. MgCL    C.   Mg2Cl2  D. MnCl2 
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Appendix XVI 

FAROOK TRAINING COLLEGE, KOZHIKODE 
Research Centre in Education, University of Calicut 

ACHIEVEMENT TEST IN CHEMISTRY FOR  

IX STANDARD PUPILS OF KERALA  

(English Version) 

Prof. (Dr.) T. Mohamed Saleem Sukanya Rani P 

Principal & Professor Research Scholar 
Farook Training College 

Instructions: 

It is a test to assess the knowledge level of 9th standard students in the subject 
Chemistry. There are 60 questions in this test. Four options are given to each question. 
Read each question and mark the most appropriate answer of these four options with 
a tick mark (�). You will get one mark for each correct answer. 

1. is formed by the combination of  two or more atoms. 

A. Compound B. Atom C. Element D. Molecule 

2. What is called a negatively charged Particle of an Atom? 

A. Proton B. Neutron C. Electron D. Nucleus 

3. Who introduced the solar system model of the Atom? 

A.  Ernest Rutherford    B. James Chadwick  

C. J.J. Thomson  D. William Crookes 

4. The total number of protons in an atom indicates its ................... 

A. Atomic Number B. Mass Number  

C. Atomic Mass  D. Molecular Mass 

5. What is the maximum number of electrons that can be contained in the 
outermost shell of any Atom? 

A. 6   B.8  C. 10  D. 14 

6. What is the Covalent bond by two pairs of electrons? 

A. Binary Bonding B. Tertiary Bonding  

C. Chemical Bonding  D. Ionic Bonding 

7. What would be the Chemical Formula of Magnesium Chloride? 

A. MgCl2 B.MgCL C.Mg2Cl2 D. MnCl2 

8. Substances that change the chemical reaction quickly without 
undergoing self- permanent chemical change are ............ 

A. Catalysts B. Chemical Bonds C. Covalent Bonds D. Ionic Bonds 
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9. What is the law that has been brought regarding to the Saptaswaras in 
music? 

A. Periodic Law  B. Octetrule  

C. Modern Periodic Law D. Triangles 

10. Metals are known as …………. because they release the electron and 
become a positive ion? 

A. Electro Positive B.  Transition Element  
B. C.Electro Negative D. Noble Gases 

11. Releases when acid react with carbonates. 

A. Carbon Dioxide B. Chlorine C. Oxygen D. Hydrogen 

12. Write the chemical name of salt. 

A. NaC1 B. NaOH C. NaCo3 D. Na2CO3 

13. Which element is known as burning gas? 

A. Hydrogen B. Oxygen C. Carbon D. Chlorine 

14. What is name of the element found in nature in the elemental state and 
in compound form? 

A. Carbon B. Oxygen C. Chlorine D. Nitrogen 

15. Coke, coal, charcoal etc. are variants of …………. 

A. Carbon B.Nitrogen C.Oxygen D.Hydrogen 

16. is used as fuel in nuclear plants. 

A. Uranium 235 B. Iodine131  

C.  Cobalt 60  D. Hydrogen 

17. Who is known as the father of electricity? 

A. Michael Faraday  B. Sir Humphry Devy  

C. Heinrich Geibler  D. Julius Plucker 

18. The electrons in each shell have a fixed energy. What's the name of 
those shells? 

A. Energy Levels  B. Atomic Number  

C. Mass Number   D. Nucleus 

19. Maximum number of electrons contained in the K-shell? 

A. 2   B. 6  C. 8  D. 10 

  



Appendix 

 

20. Find out which is the Bohr model of the beryllium element 

    

A. B. C. D. 
 
21. Carbonic isotope,.....................used to determine the chronology of 

fossils and historical objects. 

A. Deuterium B. Carbon-14  C. Tritium D. Proteome 

22. The arrangement of 8 electrons in the outermost shell is known as …… 

A. Ionic Compounds  C. Covalent Bonding 

B. Octet electron alignment D. Ionic Bonding 

23. The covalent bond shared by three pairs of electrons is known 
as............... 

A. Binary Bonding  B. Tri-bonding 

C. Polygamy     D. Chemical Bonding 

24. What is a catalyst that speeds up a chemical reaction? 

A. Positive Catalyst  B. Negative Catalyst  

C. Reactants   D. Catalyst 

25. What is the name of the elements belonging to groups 3 to 12 in the 
periodic table? 

A. Transition Elements  B. Noble Elements  

C. Lanthanides   D. Actinides 

26. What is the chemical name of Caustic Soda? 

A. NAOH  B. NaCO3 C. NaHCO3  D. Na2CO3 

27. ……………… is the hardest form of carbon. 

A. Diamond  B. Graphite C. Carbon  D. CO₂ 

28. Which of the following is NOT a characteristic of diamond? 

A. Hardness is very high. B. Transparent 

C. Low thermal conductivity D. Does not conduct electricity. 

29. The compounds containing only carbon and hydrogen are known 
as……………… 

A. Hydro Carbon B. Methane C. Ethane D. Propane 

  



Appendix 

30. The process of converting liquid substances into their constituents by 
passing electricity is …………….. 

A. Electrolysis B. Electroplating C. Chemical bonding  D. Bonding 

31. What is the maximum number of electrons occupied in the L shell? 

A. 2   B.6  C. 8  D. 10 

32. What is the name given to different atoms of an element with same 
atomic number and different mass number? 

A. Isobars B. Isotones C. Isotopes D. Chemical bonding 

33. The compounds formed by ionic bonding are known as…………… 

A. Ionic compounds  B. Ionic bonding  

C. Chemical bonding   D. Bonding 

34. Compounds formed by bonding are ………….. 

A. Ionic compounds  B.  Covalent compounds 

C.  Covalent bonding  D. Chemical bonding 

35. ……………. is an electron accepting activity. 

A. Oxidation B. Deoxidation C. Bonding D. Chemical bonding 

36. According to the modern periodic law, the chemical and physical 
characteristics of the elements are a product of their periodicity. 

A. Atomic number B. Atomicmass C. Octet rule D. Mass number 

37. By which name Lanthanoids are known? 

A. Rare earths B. Transition elements     C. Noble gases D. triangles 

38. …………… are elements that exhibit the characteristics of metals and 
nonmetals. 

A. Sub-metals B. Transition elements     C. Noble gases D. Triangles 

39. If base is it is called mono basic acid 

A. 1            B.2  C. 3  D. 4 

40. Which is the most abundant gas in the atmosphere? 

A. Nitrogen B. Oxygen C. Hydrogen D. Carbon 

41. is a triatomic molecule composed of three oxygen atoms 

A. Ozone  B. Neon C. Helium D.Oxygen 

42. …………refers to the ability of atoms of the same element to combine 
with each other. 

A. Catination B.Redoxreaction C. Decomposition D. Electroplating 
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43. Atoms of any element are made up mainly of particles called Electron, 
and Neutron. 

A. Proton  B. Hydrogen C. Nucleus D. Nitrogen 

44. Protium, deuterium and tritium are isotopes of ……………. 

A. Hydrogen B. Nitrogen C. Oxygen D. Carbon 

45. The teacher suggests preparing a fire extinguisher to be used in case of 
fire in the house. What components will you use for this? 

A. Sodium Carbonate and soda water  B.Sodium Carbonate and water 

 C. Baking Soda and Vinegar D.  Baking soda and diluted hydrochloric acid 

46. Atoms are stabilized in outer shell gaining electron by chemical 
bonding. 

A. 2   B. 6  C. 8  D. 10 

47. nature is the basis for the different characteristics of water. 

A. Polar  B.Ionic character C. Bonding D.Octate configuration 

48. Who is the scientist who classified elements as metals and non-metals? 

A. Antoine Lavoisier  B. Johann Wolfgang Dobereiner 

B. John Newlands  D. Dmitri Mendeleev 

49. ………….of elements increases when the number of shells increases as 
you move from top to bottom in a group in the periodic table. 

A. size B. Atomic number C. Atomic mass D. Mass number 

50. Which of the following is not a remedy for air pollution? 

A. Planting of trees   

B. Reduce excessive use of vehicles 

C. Use natural fuels like charcoal or firewood  

D.  Control the number of industries. 

51. Damu told Amma that Pulissery should not be cooked in an aluminum 
pot. What would be the reason for Damu to say this? 

A. The taste of Pulissery will decrease when cooked in aluminum pot 

B. A toxin is produced by reacting with acid and metal 

C. Because copper pot is better than aluminum pot. 

D. Because it costs more fuel. 

52. In which of the following ways do you dispose the residues of 
vegetable and meat after cooking in your home? 

E. Residues will be bagged and deposited in public places. 

F. Residues shall be deposited in waste storage boxes established by 
Panchayats 
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G. Residues are processed into natural fertilizers and used for home 
vegetable and plant cultivation. 

H. Residues will be deposited in the empty space in the house plot. 

53. …………….. gas is formed when acids react with reactive metals. 

A. Hydrogen  B. Oxygen  C. Nitrogen D. Carbon 

54. What are the constituents of PVC? 

A. Carbon, Hydrogen and Oxygen B.Carbon, nitrogen and oxygen 

C.  Carbon, Oxygen and Boron D. Carbon, Nitrogen and Boron 

55. Which compound is used in refrigerator, AC, etc.? 

A. Chloro Fluoro Carbon B. Carbon Dioxide 

C.  Nitrousoxide  D. Carbon tetrachloride 

56. The process of rise in temperature because of an increase in the amount 
of CO2 in the atmosphere is called as ………………….. 

A. Greenhouse effect B. Catination C. Oxidation   D. Redoxreaction 

57. Write the ionization equation for phosphoric acid (H3PO4). 

A. H3PO4 → 3H++PO4
2- B.H3PO4 → H+ +PO4

2- 

C.  H3PO4 → 2H++PO4
2- D. H3PO4 → 4H++PO4

2- 

58. Find the chemical equation for the neutralization reaction between 
sodium hydroxide and diluted hydrochloric acid. 

B. NaOH+HCl → NaCl+H2O  B. NaOH+ HCl → NaCl + H2Cl 

C. NaOH+ HCl  → NaH +HOCl D.NaOH+HCl → NaH2+ClO 

59. Which is the main element in sun and stars? 

A. Hydrogen B. Oxygen C. Carbon D. Nitrogen 

60. What is the cause of black smoke when things burn? 

A. Carbon B. Oxygen C. Hydrogen D. Chlorine 
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Appendix XVII 

FAROOK TRAINING COLLEGE, KOZHIKODE 
Research Centre in Education, University of Calicut 

ACHIEVEMENT TEST IN CHEMISTRY  
 

RESPONSE SHEET 

Name of student: Class: 

Division:  Name of school: 

Type of School: Aided/Govt. Gender:   

Qn.No.      Qn.No.      Qn.No.     

1 A B C D  21 A B C D  41 A B C D 

2 A B C D  22 A B C D  42 A B C D 

3 A B C D  23 A B C D  43 A B C D 

4 A B C D  24 A B C D  44 A B C D 

5 A B C D  25 A B C D  45 A B C D 

6 A B C D  26 A B C D  46 A B C D 

7 A B C D  27 A B C D  47 A B C D 

8 A B C D  28 A B C D  48 A B C D 

9 A B C D  29 A B C D  49 A B C D 

10 A B C D  30 A B C D  50 A B C D 

11 A B C D  31 A B C D  51 A B C D 

12 A B C D  32 A B C D  52 A B C D 

13 A B C D  33 A B C D  53 A B C D 

14 A B C D  34 A B C D  54 A B C D 

15 A B C D  35 A B C D  55 A B C D 

16 A B C D  36 A B C D  56 A B C D 

17 A B C D  37 A B C D  57 A B C D 

18 A B C D  38 A B C D  58 A B C D 

19 A B C D  39 A B C D  59 A B C D 

20 A B C D  40 A B C D  60 A B C D 
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Appendix XVIII 

FAROOK TRAINING COLLEGE, KOZHIKODE 
Research Centre in Education, University of Calicut 

ACHIEVEMENT TEST IN CHEMISTRY  
 

ANSWER KEY 

 

Qn.No. Answer Marks 

1 A Compound 1 

2 C Electron 1 

3 A Ernest Rutherford 1 

4 A Atomic Number 1 

5 B 8 1 

6 A Binary Bonding 1 

7 A MgCl2 1 

8 A Catalysts 1 

9 B Octetrule 1 

10 A Electro Positive 1 

11 A Carbon Dioxide 1 

12 A NaCl 1 

13 A Hydrogen 1 

14 A Carbon 1 

15 A Carbon 1 

16 A Uranium 235 1 

17 A Michael Faraday 1 

18 A Energy Levels 1 

19 A 2 1 

20 

A  

1 

21 B Carbon-14 1 

22 C Octet electron alignment 1 
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Qn.No. Answer Marks 

23 B Tri-bonding 1 

24 A Positive Catalyst 1 

25 A Transition Elements 1 

26 A NAOH 1 

27 A Diamond 1 

28 C Low thermal conductivity  1 

29 A Hydro Carbon 1 

30 A Electrolysis 1 

31 C 8 1 

32 C Isotopes 1 

33 A Ionic compounds 1 

34 B Covalent compounds 1 

35 B Deoxidation 1 

36 A Atomic number 1 

37 A Rare earths 1 

38 A Sub-metals 1 

39 A 1 1 

40 A Nitrogen 1 

41 A Ozone 1 

42 A Catination 1 

43 A Proton 1 

44 A Hydrogen 1 

45 C Baking Soda and Vinegar 1 

46 C 8 1 

47 A Polar 1 

48 A Antoine Lavoisier 1 

49 A size 1 

50 C Use natural fuels like charcoal or firewood 1 

51 B A toxin is produced by reacting with acid and metal 1 

52 
C Residues are processed into natural fertilizers and used for 
home vegetable and plant cultivation. 

1 
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Qn.No. Answer Marks 

53 A Hydrogen 1 

54 A Carbon, Hydrogen and Oxygen 1 

55 A Chloro Fluoro Carbon 1 

56 A Greenhouse effect 1 

57 A H3PO4 3H++PO4
2- 1 

58 A NaOH+HCl NaCl+H2O 1 

59 A Hydrogen 1 

60 A Carbon 1 

 


