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Abstract 
The research was on formal reasoning: a predictor of academic 

achievement among chemistry students in secondary schools within 

kafanchan metropolis. The study employed co-relational survey design. The 

population of the study consisted of 411 students in 11 public and private 

senior secondary schools within Kafanchan metropolis, Kaduna state. The 

sample size consisted of five schools with a total of 149 SSII Chemistry 

students. The five schools were selected by simple random sampling 

technique using draw-from-the-hat method. Two research instruments were 

used for the study; Group Assessment of Logical Thinking (GALT) and 

Chemistry Achievement Score (CAS). There was positive correlation in 

formal reasoning ability and achievement in chemistry among SS II 

chemistry students. Formal reasoning ability proves to be strong predictor 

of achievement in chemistry. Therefore, it was recommended that the 

Science teachers should encourage students to develop strong reasoning 

ability towards science so as to perform better in natural sciences, since 

formal reasoning ability correlated well with achievement in chemistry. As 

teachers plan chemistry lessons, tests and examinations reasoning ability, 

skills and capabilities of the students should be put into consideration. 
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Introduction 
The major function of education 

system is to provide programs that 

will help learners to grow holistically. 

This will ensure that students are 

provided with adequate knowledge 

and skills that will enable them handle 

classroom and real-world tasks and 

problems. According to United 

Nations Educational, Scientific, and 

Cultural Organization (UNESCO), 

the 21st century is an age of booming 

educational diversification and 

market-based education where 

students need to be capacitated with 

world class skills and knowledge.    

On the other hand, there is an 

apprehension that the current century 

made the students faced tremendous 

bulk of information due to 

information explosion. Toulmin 

(2000) argue that the knowledge 

explosion requires caution and careful 

information sorting with regards to 

relevant and fake news. Hence, he 

suggested that learners of this century 

must have reasoning skills that will 

allow them to sort relevant 

information to irrelevant ones. 

However, gaining reasoning skills is 

labor-intensive to students. It requires 

that students have attained the formal 

stage of development advocated by 

Piaget.  

Furthermore, expectations of the 

outcomes of education in the 21st 

century increasingly focus on higher 

order thinking of synthesis, analysis 

and evaluation (Osborne, 2013), yet 

school science education is still 

dominated by lower level cognitive 

demands-in particular recall. Failure 

to transform science education for the 

needs of the 21st century is a 

consequence of a lack of a good model 

of scientific reasoning, scientific 

literacy and a body of expertise about 

how to asses such higher order 

cognitive competencies (Osborne, 

2013). 

Chemistry as one of the most 

important disciplines in the school 

curriculum has gained world-wide 

recognition in general education 

(Ejidike and Oyelana, 2015). 

Chemistry as a branch of science is a 

basic requirement for economic, 

scientific and technological 

development of any nation, especially 

in the manufacturing sector where 

materials, colored and attractive 
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clothing, chemicals, plastic material and other useful household equipment are 

made available to man. Also chemical products such as fertilizers and 

herbicides, also products of chemistry, help to scale up farming activities, 

achieve suitable food production and reduce food importation (Bamikole, & 

Abiodun, 2013). Chemistry occupies a unique position in the sciences as a result 

of its requirement and pre-requisite to the study of courses such as pharmacy, 

medicine, biochemistry, agricultural science, engineering among others.  

Chemistry is a branch of pure science that deals with the composition, 

properties and uses of matter. Chemistry has always been viewed as an abstract 

course which is very difficult to understand by learners. For example concepts 

like mole, volumetric analysis, quantitative analysis and qualitative analysis 

among others if not properly taught and understood by the learner may lead to 

various misconceptions. Special attention is required to ensure a lot of concrete 

examples which are used to teach students who have low formal reasoning (low 

reasoning ability). This is because researchers tends to show that abstract 

concepts can only be learnt meaningfully by students who have acquired formal 

reasoning ability (Sirajo, Mari and Olorukooba, 2013). This could be an 

indication that learning could be related to reasoning ability. 

The ability to reason logically is critical for decision makers and people in 

everyday life and involves the way we use given knowledge and facts to reach 

a conclusion. Its application is of crucial importance for advances in the 

sciences and mathematics, as the scientific method relies heavily on deductive 

reasoning (a type of logical reasoning in which a conclusion is derived from a 

premise) and reasoning plays a strong role in a person‘s ability to make 

informed, educated and accurate decisions (Lavins, 2011).  

Daily functioning and the ability to make important life decisions depend on 

the person‘s ability to accurately understand a situation, acknowledge their 

subjective interpretation of the situation, and reach a logical conclusion based 

on this supporting knowledge. However, research has consistently shown that 

people fail to reason logically, and they do so in systematic ways (Lavins, 

2011). Logical reasoning is commonly assessed by evaluating a person‘s ability 

to employ deductive reasoning. Deductive reasoning is defined as a closed 

system in which an individual derives conclusions from preexisting premises 

and judges truthfulness of a statement though normative logic (e.g., All dogs 

are black. Tucker is a dog. Therefore, Tucker is black) (Blanchette, 2006).        
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This differs from inductive reasoning, in which an individual generalizes from 

a specific assumption (e.g., All the birds I have seen can fly, so all birds can 

fly).  

Students who have acquired formal reasoning ability have deep working 

memory that enable them solve abstract problems in logical fashion. They are 

also able to apply scientific thinking in solving problems such as stating and 

testing hypotheses, isolation-of-variables, analyzing data, and ability to keep 

concepts and their interrelationships in the mind while considering answers. 

According to developmental theory, descriptive and theoretical concepts 

constructions are linked to intellectual development because the process 

depends on reasoning patterns and also reasoning ability relies on not only 

maturation but also individual self- regulatory mechanisms that are known to 

enhance purposive and meaningful learning. This tends to suggest that concept 

acquisition is dependent on students’ reasoning ability. Empirical study in 

support of this was provided by Lawson – Mari (2012) who reported that 

reasoning ability highly correlated with performance on concepts acquisition 

tasks for school Biology and Chemistry students. Bitner – Mari (2012) also 

showed that reasoning ability explained 62% of the variance in high school 

science grades.  

The purpose of the present study is to investigate the formal reasoning abilities 

of secondary school class two (SSSII) science students in six forms of formal 

reasoning ability (conservation, control of variables, proportional, probabilistic, 

co-relational, and combinatorial reasoning) and to determine whether formal 

reasoning ability of students’ contribute to the prediction of their achievement 

in Chemistry. 

  

Statement of the problem 

Researches show that some concepts are formal or abstract in nature and can be 

learned meaningfully by only learners that acquired high formal reasoning 

ability. This tends to suggest that advancement in reasoning ability could 

enhance the learning of chemistry concepts. It can also be inferred that 

achievement in chemistry may have relationship with reasoning ability (Furio, 

Ascona, Guisola & Raclifte, 2000). Researches in science education have 

revealed that students generally perform poorly in all science subject 

(Olorundare; Adeyegbe, and Usman, - Sirajo, Mari and Olorukooba 2013). 



155  africascholarpublications@gmail.com                                                                               

 2022 
 

Researches in science education have also shown that there is a relationship 

between formal reasoning ability and achievement in science (Mari, 2001).  

Researchers have also shown that academic achievement in science is affected 

by formal reasoning ability. Numerous studies support a connection between 

formal reasoning ability and academic achievement. Previous researches 

revealed formal reasoning ability as a success factor in predicting performance 

of students. There is no study that seems to investigate the success of reasoning 

ability in predicting performance of students in chemistry in kafanchan 

metropolis. It is in line with this that the present study sought to investigate 

formal scientific reasoning ability as variable in predicting the performance of 

students in chemistry in kafanchan metropolis. From the literature reviewed, 

most of the studies carried out used different study areas that are not from 

kafanchan metropolis. This study will therefore use different study area for a 

better understanding of the relationships among formal reasoning ability and 

achievement in chemistry among secondary school class two (SS II) science 

students in Kafanchan metropolis, Kaduna State-Nigeria. 

 

Objectives of the Study  

The study sought to:  

1. Examine the relationship among SSII students’ formal reasoning ability 

and academic achievement in chemistry.  

2. Determine the difference among SSII male and female students’ formal 

reasoning ability and academic achievement in chemistry.  

 

Research Questions  

The study addressed the following questions:  

1. Is there any relationship among SSII chemistry students’ formal 

reasoning ability and academic achievement in chemistry?  

2. Is there any difference between SSII male and female chemistry 

students’ formal reasoning ability and academic achievement in 

chemistry?  

 

Null Hypotheses  

To guide the study the following null hypotheses were tested at 0.05 level of 

significance:  
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H01: There is no significant relationship among SSII chemistry students’ 

formal reasoning ability and academic achievement in chemistry.  

H02: There is no significant difference between SSII male and female 

chemistry students’ formal reasoning ability and academic achievement in 

chemistry.  

 

Methodology 

The study employed co-relational survey design. Co-relational research 

involved the collection of data in order to determine whether and to what degree 

a relationship exist between two or more quantifiable variables. This research 

design is chosen because the study is interested in finding the relationship 

among the variables and in observing what has happened to the sample subjects 

without any attempt to control or manipulate them. The population of the study 

consisted of 411 students in 11 public and private senior secondary schools 

within Kafanchan metropolis, Kaduna state. The sample size consisted of five 

schools with a total of 149 SSII Chemistry students. The five schools were 

selected by simple random sampling technique using draw-from-the-hat 

method. Two research instruments were used for the study; Group Assessment 

of Logical Thinking (GALT) and Chemistry Achievement Score (CAS). 

 

Group Assessment of Logical Thinking (GALT)  

To measure Reasoning Ability of the students the Group Assessment of Logical 

Thinking (GALT), developed by Road-Rangka, Yeang and Padilla (1982), 

adopted from Mari, (2001) with a reported reliability coefficient of 0.85, was 

adopted. The instrument consists of twelve questions testing six reasoning 

ability of schemata namely;  

A. Conservation B. Proportional reasoning C. Controlling variables D. 

Probabilistic reasoning E. Correlation reasoning F. Combinational reasoning.  

Items 1 and 2 deal with conservational ability, 3 and 4 proportional reasoning, 

5 and 6 controlling variables, 7 and 8 probabilistic reasoning, 9 and 10 

correlation reasoning and lastly 11 and 12 test combinational reasoning.  

 

Chemistry Achievement Score (CAS) 

Academic achievement score used in this study, measured by the students’ 

MOCK result as their chemistry achievement assessment. The Joint Mock 

School Examination jointly conducted by all schools within Kafanchan zone 
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was used for the study. The Joint Mock School Examination questions were 

normally taken through the basic processes of validation and reliability before 

they were administered. The Mock question has reliability co-efficient of 0.82. 

Hence, the examination questions were deemed valid and reliable. 

 

Result 

Research Question 

1. Is there any relationship among SSII chemistry students’ formal reasoning 

ability and academic achievement in chemistry?  

 

Table 1: Mean and Standard Deviation of Students in Chemistry 

                          N                                                     Mean                           Std. 

Deviation 

FRA                 149                                                  4.53                                            1.675 

CAS                  149                                                 47.95                                           8.432 

Table 4.1 shows the mean formal reasoning ability and academic achievement 

scores of SS II students in chemistry. The mean achievement scores for formal 

reasoning ability and Chemistry Achievement Test were (M=4.53, SD=1.675) 

and (M=47.95, SD=8.432) respectively. The SSII chemistry students had a 

higher mean in chemistry achievement score and the least mean in reasoning 

ability. 

 

2. Is there any difference between SSII male and female chemistry students’ 

formal reasoning ability and academic achievement in chemistry?  

 

Table 2: mean and standard deviation of male and female students in 

chemistry 

 N Sex Mean Std. Deviation 

CAS 

 

99 

50 

1male 

2female 

47.49 

48.60 

8.301 

8.637 

RA 99 

50 

1male 

Female 

4.45 

4.63 

1.752 

1.569 
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Table 4 shows the means and standard deviations on chemistry academic 

achievement and formal reasoning ability for male and female SS II students. 

The mean academic achievement score on Chemistry for male was (M=47.49, 

SD=8.301) and that of female was (M48.60, SD=8.637). The mean difference 

was -1.109 in favor of the female students.. The mean formal reasoning ability 

score on Chemistry for male was (M=4.45, SD=1.752) and that of female was 

(M4.63, SD=1.569). The mean difference was -0.18 in favor of the female 

students. This shows that there was a difference between the mean academic 

achievement scores and formal reasoning ability of male and female SS II 

students’ in chemistry in favor of female students. The female students have 

shown a better result in academic achievement scores and formal reasoning 

ability than their male counterparts. 

 

Hypotheses   

The variables of formal reasoning ability was analyzed using non-parametric 

test of Mann-Whitney U test, and academic achievement scores was analyzed 

using parametric test of independent sample t-test. The two null hypotheses 

formulated were tested at p≤0.05.  

  

H01: There is no significant relationship among SSII chemistry students’ 

formal reasoning ability and academic achievement in chemistry.  

 

Table 3: Summary of Pearson Correlation on Reasoning Ability and 

Academic Achievement of Students’ in Chemistry 

Variable N RA CAS MEAN SD 

RA 149 .. .797** 4.53 1.675 

CAS 149 .. .. 47.95 8.432 

**. Correlation is significant at the 0.05 level (2-tailed).  

 

Table 3 shows the Pearson Product Moment on formal reasoning ability and 

academic achievement of students in chemistry, the pairs of variables were 

significantly correlated. There was a strong positive correlation between formal 

reasoning ability and Chemistry Achievement Test scores, r=0.797, p<0.05. 

This means that students who had relatively high scores in formal reasoning 

ability were likely to have high scores in Chemistry Achievement Test. There 

was significant relationship between the formal reasoning ability and academic 
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achievement scores of SS II students in chemistry. Therefore, the null 

hypothesis that stated no significant relationship was rejected.  

 

HO2: There is no significant difference between SSII male and female 

chemistry students’ formal reasoning ability and academic achievement in 

chemistry.  

 

Table 4: Summary of MANOVA of Academic Achievement in Chemistry 

by Gender 

Statistics Value F Hypothesis 

df 

Error df P 

Pillai’s 

Trace 

.010 0.380a 4.000 147.000 0.822 

Wilks’ 

lambda 

.990 0.380a 4.000 147.000 0.822 

Hotelling’s 

Trace 

.010. 0.380a 4.000 147.000 0.822 

Roy’s 

Largest 

Root 

.010 0.380a 4.000 147.000 0.822 

a. Exact statistics 

b. Design: Intercept sex. 

 

Table 4 shows one-way MANOVA was calculated examining the effect of 

gender on formal reasoning ability and academic achievement scores. No 

significant effect was found ((Lambda (4,147) = .380, p> .05), the null 

hypothesis which stated no significant difference was retained. Formal 

reasoning ability and academic achievement was influenced by gender. 

Therefore, there is no significant difference in the mean score of male and 

female students in formal reasoning ability and academic achievement.  

 

Discussion of Results   

From the results in Table 3, it was found that there was significant relationship 

in between formal reasoning ability and achievement in chemistry. A strong 

positive correlation between formal reasoning ability and Chemistry 

Achievement Test scores was observed among SSII Chemistry students. This 
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findings agrees with that of Sungur (2001), Tekkaya and Yenilmez, (2006), 

Nasir and Mansur (2010), Oloyede (2012), Sirajo, Mari and Olorukooba (2013), 

Nnorom (2013) and Bhat (2016) who also found a positive significant 

relationship between formal reasoning ability and academic achievement. This 

shows that formal reasoning ability is a strong predictor of achievement in 

chemistry. Many chemistry problems required application of chemical 

principles and functional relationship among concepts. This implication 

requires the ability to apply formal reasoning and critical thinking in order to 

be successful in them.  

Heron (1975) had suggested that chemistry courses were generally taught at a 

level of abstraction requiring a formal thought and critical thinking before it can 

be comprehended.  

From Table 4, it was found that there was no significant difference between the 

mean academic achievement and formal reasoning ability of male and female 

SS II students in chemistry.  

This findings agrees with that of Omoniyi (2006), Amelink (2009), Afuwape 

(2011) and Oludipe‘s (2012) who reported that there was no significant 

difference in science performances between male and female students. The 

findings disagrees with that of Amunga, Amadato and Musera (2011), Obrentz 

(2012), Ezeudo and Obi – Theresa (2013) whose findings showed that male 

students are better performers than female in chemistry; Cumberbatch (1993), 

Cheeseman, Simpson and Wint (2006) and Fayombo (2012) found out that 

there was significant gender difference in academic achievement in favour of 

the female. This shows that there are gender differences and similarities in 

academic achievement at different levels of education around the globe.  

Also this study agrees with Shemesh in Mari (2001), Mani (2006) Sadket 

(2012), who revealed that there was no significant difference in the performance 

of the male and female student. It disagrees with Graybill (1975), Ajagun 

(1998) who revealed the superiority of girls over boys. Also Graybill (1975), 

Good (1977) and Howe and Shayer (1981) who demonstrated that boys are 

superior to girls in their level of performing piagetian-like formal reasoning 

tasks. Also this study agrees with Wigfield, Eccles, Maclver, Reuman and 

Midgley (1991), Britner (2002), who observed that in the area of mathematics, 

boys and girls reported equal confidence during the elementary year. 
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Conclusion and Recommendations 

Conclusions 

Based on the findings from the analysis of the data collected for this study, the 

following conclusions are made: 

i. There was positive correlation in formal reasoning ability and 

achievement in chemistry among SS II chemistry students. A strong 

positive correlation between formal reasoning ability and Chemistry 

Achievement Test scores was observed among the students.  

ii.  Formal reasoning ability proves to be strong predictor of achievement 

in chemistry. That is students with high scores in formal reasoning 

ability performed better than those with low formal reasoning ability.  

iii. Formal reasoning ability is a strong predictor of achievement in 

chemistry among SSII Chemistry students. That male and female 

student’s with high scores in formal reasoning performed better than 

those with low formal reasoning. 

iv. There was no difference in male and female achievement in chemistry 

and formal reasoning ability. That is both male and female students 

performed equally.  

 

Finally, the overall result of this study revealed that there exist a positive 

relationship among students, formal reasoning ability and achievement in 

chemistry and hence, formal reasoning ability can be used to predict student’s 

academic achievement in chemistry for both male and female. The study also 

revealed that, there is no significant difference between male and female 

students’ achievement in chemistry and formal reasoning ability.  

 

Recommendations  

Based on the findings of this study the following recommendations are made;  

i. Science teachers should encourage their students to develop strong 

reasoning ability towards science so as to perform better in natural 

science, since formal reasoning ability correlated well with 

achievement in chemistry.  

ii.  As teachers plan chemistry lessons, tests and examinations reasoning 

ability, skills and capabilities of the students should be put into 

consideration. 
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