COGNITIVE SKILLS OF HIGH SCHOOL STUDENTS BASED ON THEIR SUBJECT PREFERENCE



Abstract
 Research, discovery, and innovation in science are all built on a foundation of science education. For students, science education is crucial for a variety of reasons, including fostering critical thinking, inspiring creativity and curiosity, developing practical skills, fostering scientific research, and preparing for future vocations. The major objective of the study was to determine the Cognitive Skills of High School Students based on their subject preference. The Cognitive skills include Science Process skills and Critical thinking skills. Science Process skill is the set of skill used in the Science activities. Critical thinking skill is the process of analyzing a topic or a problem deeply based on relevant information. In the present study, the investigator made an attempt to study the high School student’s Science process skills and Critical thinking skills through the survey method in the Government high school at Tiruppur district, Tamil Nadu, India. The study also tries to find out whether there is any significant difference in the dimensions of science process skill and critical thinking skill based on the Subject preference. The sample consists of 75 students. Investigator used ANOVA statistical technique for the analysis of data. The results revealed that the students who do not like to learn science have better observation skill and the students not interested to learn social science have better measurement skill. Also, the students have no significant difference in the critical thinking skills based on the subject preference namely Tamil, English, Maths, Science and Social Science.

Introduction

Cognition refers to the mental processes involved in gaining knowledge and comprehension. The cognitive processes include thinking, knowing, remembering, judging, and problem-solving. The mental processes and skills that allow us to gather, analyse,
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organise, and use information are referred to as cognitive skills. These abilities are necessary for a variety of cognitive tasks, including learning, problem-solving, decision-making, memory, and attention reasoning skills, and critical thinking.

Science process skills (SPS) are the thinking skills that scientists use to construct knowledge in order to solve problems and formulate results. For this study, SPS has been separated into Basic Science Process Skills and Integrated Science Process Skills. Basic SPS consists of observation, measurement, classification, and prediction. Integrated SPS includes experimentation. Therefore, Science Process skills are cognitive skills essential for learning Science.
The term critical comes from the Greek word kritikos meaning “able to judge or discern”. John Dewey introduced the term 'critical thinking' as the name of an educational goal, which is identified with a scientific attitude of mind. The philosopher John Dewey, is considered as the father of modern day critical thinking. The origin of critical thinking can be traced to the teaching technique of Socrates. The first step in critical thinking and problem solving is to gather more relevant information,evidence, including facts, observations, ideas and opinions from multiple sources.
It is the intellectually disciplined process of actively and skillfully conceptualizing, applying, analyzing, synthesizing, and/or evaluating information gathered from, or generated by, observation, experience, reflection, reasoning, or communication. It is a metacognitive process, consisting of a number of skills and dispositions, through purposeful, self-regulatory reflective judgment, increases the chances of producing a logical solution to a problem or a valid conclusion to an argument. It is based on clarity, accuracy, consistency, relevance, depth, breadth, and fairness.
Dacumos (2021) aimed to investigate the impact of the Personality-based Approach (PBA) on the integrated science process skills (SPS). A two-grouped quasi-experimental design with pretest and posttest was used in this study. This method consists of two instructional groups (control group in conventional learning approach and experimental group in Personality-based Approach), and repeated testing (pretest and posttest) on student’s science process skill competency level. Results showed Grade 7 students of Baguio City National Science High School have an overall performance exceeding average achievement. When compared, the experimental group have better performance in the skills where students are to prepare research proposals than their counterpart in the control group. However, in

terms of the experimentation process to creating models, the two groups do not differ.
Inayah et.al (2020) proposed a study to analyze the science process skills possessed by high school students in Cilegon city. This research was conducted in February 2019, the sample was taken using the simple random sampling method with a total sample of 35 students. Data was collected by the science process skills test instrument. The results showed that the average score of science process skills possessed by students is still categorized as sufficient, because the average value of science process skills obtained from 35 students were 58.
Alkan (2016) determined the effects of experiential learning model on student teachers’ achievement in chemistry as well as their scientific process skills. The pre and post test research pattern with treatment and control groups was used throughout the study. While the treatment group received education through experiential learning model, the control group was taught within a traditional teacher-centered approach. The sampling consisted of 40 student teachers studying Chemistry Education at Hacettepe University. Data collections tools were the chemistry achievement test and the scientific process skill test. The study concluded that experiential learning is an effective approach on academic achievement and scientific process skills.
Ranggi et al. (2021) proposed that in   the 21st century learning, students are required to be able to face the world of work that requires the ability, one of them is critical thinking. The objective of this meta-analysis is to estimate the effectiveness of problem-based learning on critical thinking skills. This meta-analysis research method consists of steps such as research problem, data collection (study), data coding, data analysis, and interpretation. Based on the journal research, it is found 17 critical thinking skills journals, 17 articles that fulfill the criteria: an empirical study on problem-based learning in college and secondary education conducted in classrooms. This explanation revealed that there is a strong positive effect of Problem-based Learning on critical thinking skills.
Hidayati & Sinaga (2019) proposed that Critical thinking skills are an important and necessary skill to confront the challenges in the 21st century. This research was aimed to determine junior high school students' critical thinking skills in science learning and was a descriptive qualitative research using instruments developed based on aspects of critical thinking skills. The subjects in this research were 30 students in grade eight of a junior high school in Bandung which was chosen using purposive sampling technique. The results of the

study showed that the average percentage of the five aspects of critical skills received by students was 45 and falls into a very low category.
Lismayani et al.(2017) proposed the study about the correlation of critical thinking skill and problem-solving ability of students on Natural Sciences Subject within Junior High School in Ecosystem topic. The subject of this research consisted of 135 students of 8th Graders in Odd Semester SMPN 17 Kendari Academic Year 2016/2017. This research employed two instruments, namely, critical thinking skill test in the form of multiple choices and problem-solving ability test in the form of an essay. The data obtained were then analyzed by calculating the average and employing correlational statistics. This research proved that student’s critical thinking skill average is 35.74, the problem-solving ability is 48.18, and the correlation coefficient is 0.31. It further means that only 9.61% of problem- solving ability could be explained by critical thinking ability.
Objectives of the Study

The following objectives are considered for the present study.

· To compare the Science Process skills of high school students based on their subject preference.
· To compare the Critical thinking skills of high school students based on their subject preference.
Hypotheses of the Study:
· There is no significant difference in the Science Process skills based on their subject preference.
· There is no significant difference in the Critical thinking skills based on their subject preference.

Methodology

Based on the nature of the problem under investigation, it had been decided to adopt Survey method for the present study. The present study was conducted to find out the Cognitive Skills of High School Students based on their Subject Preference. Cognitive skills in the present study include Science Process Skills and Critical Thinking Skills. The investigator provides the Science process skill questionnaire and Critical thinking scale to the students of government school. The scores are compared using ANOVA to find out the

effectiveness of Science process skills and Critical thinking Skills. The present study was undertaken at Tiruppur in Tamil Nadu. The Schools selected for the study is Government High School, Pooluvappati, Tiruppur.
The Science Process skill questionnaire consists of 5 dimensions namely Observation, Measurement, Classification, Prediction and Experimentation. The questionnaire was constructed in the English language. Each dimension consists of 10 questions consisting of both positive and negative items. The scale was given to an expert in the field of education for validation. In their opinion, 3 statements were modified. Finally, The questionnaire consisted of 8 items in each dimension. The draft scale is used for a pilot study and was administered to 75 students studying in class IX. The self-constructed open ended questionnaire was administered to find out the existing status of Science Process Skill.
Critical thinking Scale consists of two categories namely, Process of thinking and Product of thinking. The Process of thinking consists of four situations where the student has to analyse the situation and write different merits and demerits. The Product of thinking consists of Decision-making part in-order to make final Conclusion. A respondent has to imagine that he is in that situation. For each situation, The respondent is also expected to write how they would conclude their opinion for every situation. They should also give reasons. The answer sheets were collected and scored as per the scoring key and the sum of the scores obtained for all the items was considered as the total score for the Critical Thinking Skills.
In-case of scoring, the number of merits and demerits one can write is an indication of one’s ability to think in different ways. Therefore more scored points needs to be counted as an indication on one’s thinking ability. Also, if one can conclude by giving justified reasons, they were given more marks. For every situation, the scores were provided and all the scores were added. A detailed description of the administration of the questionnaire is described below.

Table 1
Description of the Final Science Process skill Questionnaire

	S.NO
	Basic and Integrated Science Process Skills
	Total No. of items for the actual study

	1.
	Observation
	8

	2.
	Measurement
	8

	3.
	Classification
	8

	4.
	Prediction
	8

	5.
	Experimentation
	8

	
	Total
	40


Administration of Science Process Skills questionnaire for students
The self-constructed open ended questionnaire was administered to find out the existing status of Process Skills. A detailed description of the administration of each questionnaire is described below.
(i) Observation Skill
There are 8 items in this skill. For item numbers 1 – 8 pictures are shown in the questionnaire; students observed and responded.
Table 2
Scoring Procedure for Observation Skill

	Q.NO
	1
	2
	3
	4
	5
	6
	7
	8

	Score for each Item
	1
	1
	2
	2
	3
	3
	4
	6

	Min. &Max score
	0-1
	0-1
	0-2
	0-2
	0-3
	0-3
	0-4
	0-6


(ii) Measurement Skill
There are 8 items in this skill. For item numbers 1,4,7 and 8 have measurement oriented questions are given in the questionnaire. Item numbers 2,3, and 6 have objective type questions.
Table 3
Scoring Procedure for Measurement Skill

	Q.NO
	1
	2
	3
	4
	5
	6
	7
	8

	Score for each Item
	1
	1
	1
	1
	3
	3
	3
	4

	Min. &Max Score
	0-1
	0-1
	0-1
	0-1
	0-3
	0-3
	0-3
	0-4



Table 4
Process of Thinking

	Criteria
	Label
	Level

	Only on Merit and one demerit for each situation or less
	Poor thinker
	1

	Between 2 and 5 merits and demerits
	Average thinker
	2

	More than 5 merits and demerits
	Good thinker
	3




Table 5

Product of Thinking

	Criteria
	Label
	Level

	If the reasons given are illogical in nature
	Poor
	0

	If the reasons given are moderate in nature
	Average
	1

	If the reasons given are logical in nature
	Good
	2




Table 6

Process Norms- From all 4 situations

	Scoring
	Label

	96&above
	Good

	Between 32-95
	Average

	Below 32
	Poor




Table 7

Product Norms

	Scoring
	Label

	0-2
	Good

	3-5
	Average

	6-8
	Poor



Analysis & Discussion


Analysis of Science Process skill scores based on the Subject Preference
An attempt was made to find out if there is any significant difference in the Science Process skill scores of students based on the subject preference. ANOVA test was carried out to find out the significance based on the subjects namely Tamil, English, Maths, Science, Social Science and the results are given in Table 8.
Table 8

Comparison of Science Process skill scores based on the Subject Preference.

	Variables
	Sum of Squares
	df
	Mean Square
	F

	

Observation
	Between Groups
	84.754
	5
	16.951
	

4.499**

	
	Within Groups
	259.993
	69
	3.768
	

	
	Total
	344.747
	74
	
	

	

Measurement
	Between Groups
	22.349
	5
	4.470
	

3.052*

	
	Within Groups
	101.038
	69
	1.464
	

	
	Total
	123.387
	74
	
	

	

Classification
	Between Groups
	19.698
	5
	3.940
	

.375

	
	Within Groups
	725.469
	69
	10.514
	

	
	Total
	745.167
	74
	
	

	

Prediction
	Between Groups
	29.474
	5
	5.895
	

1.522

	
	Within Groups
	267.193
	69
	3.872
	

	
	Total
	296.667
	74
	
	

	

Experimentation
	Between Groups
	8.714
	5
	1.743
	

1.028

	
	Within Groups
	116.953
	69
	1.695
	

	
	Total
	125.667
	74
	
	


Note. **p< .0 1and*p< .05
From Table 8, it is evident that the calculated F value is found to be higher than the table value for the dimension of science process skill named

observation. It is significant at .01 level. Therefore, there is a significant difference in the Science Process skills of students towards the subject preference.
Similarly, it is evident that the calculated F value is found to be higher than the table value for the dimension of science process skill named measurement and overall-total. It is significant at .05 level. Therefore, there is a significant difference in the Science Process skills of students towards the subject preference.
Also, it is found that the calculated F value is found to be less than the table value for other dimensions of Science Process skills. As a result, the hypothesis, " There is no significant difference in the Science Process skills based on their subject preference” is rejected for the dimensions observation, measurement and accepted for other dimensions of science process skills.


Post hoc Analysis of Science process skill based on the dimension Observation and measurement

Post hoc analysis was carried out using Duncan’s test and the results are given in Tables 9 and 10.
Table 9

Post hoc comparison of Observation skill based on Subject Preference

	
Subject Liked Least
	
N
	Subset for alpha = 0.05

	
	
	1
	2

	1.00
	6
	12.8333
	

	2.00
	2
	13.0000
	

	4.00
	2
	13.0000
	

	3.00
	38
	14.4474
	14.4474

	.00
	10
	
	16.0000

	5.00
	17
	
	16.1176

	Sig.
	
	.266
	.232



From Table 9, it is evident that the students less interested to learn social science subject have better performance in the science process skill named observation than the students less interested in other subjects.
Figure 1:

Post hoc comparison of Observation skill based on Subject Preference
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Table 10

Post hoc comparison of Measurement skill based on Subject Preference

	
Subject Liked Least
	
N
	Subset for alpha = 0.05

	
	
	1
	2

	1.00
	6
	13.5000
	

	3.00
	38
	13.8947
	13.8947

	5.00
	17
	14.2353
	14.2353

	2.00
	2
	14.5000
	14.5000

	4.00
	2
	15.0000
	15.0000

	.00
	10
	
	15.4000

	Sig.
	
	.104
	.103




From Table 10, it is evident that the students less interested to learn science subject have better performance in the science process skill named measurement than the students less interested in other subjects.

Figure 2:

Post hoc comparison of Measurement skill based on Subject Preference
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Analysis of Critical Thinking skill scores based on the Subject Preference

An attempt was made to find out if there is any significant difference in the Critical Thinking skill scores of students based on the subject preference. ANOVA test was carried out to find out the significance based on the subjects namely Tamil, English, Maths, Science, Social Science and the results are given in Table 11.

Table 11

Comparison of Critical Thinking skill scores based on the Subject Preference

	

Variables
	

Sum of Squares
	

df
	

Mean Square
	

F

	

Process of Critical thinking
	Between Groups
	477.211
	5
	95.442
	

.893

	
	Within Groups
	7372.175
	69
	106.843
	

	
	Total
	7849.387
	74
	
	

	

Product of Critical thinking
	Between Groups
	22.257
	5
	4.451
	

1.440

	
	Within Groups
	213.289
	69
	3.091
	

	
	Total
	235.547
	74
	
	



From Table 11, it is found that the calculated F value is found to be less than the table value for Process and Product of Critical thinking skills. As a result, thehypothesis, " There is no significant difference in the Critical thinking skills based on their subject preference.” is rejected for the Process and Product of Critical thinking skills.


Summary & Conclusion

Major Findings:

· Analysis of Science Process skill scores based on the Subject Preference showed that there is a significant difference in the Science Process Skills namely Observation and Measurement based on the preferred subjects namely Tamil, English, Maths, Science and Social Science.
· Post hoc comparison of Observation skill based on Subject Preference revealed that the students less interested to learn social science subject have better performance in the science process skill named observation than the students less interested in other subjects.
· Post hoc comparison of Measurement skill based on Subject Preference revealed that the students less interested to learn science subject have better performance in the science process skill named measurement than the students less interested in other subjects.
· Analysis of Critical Thinking skill scores based on the Subject Preference showed that there is no significant difference in the both the process and product category of Critical thinking skills based on the preferred subjects namely Tamil, English, Maths, Science and Social Science.
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