
 
 

Journal of Science Research (2013) Vol. 12: 167-178     
 

ISSN 11179333 

 
 

A Study on the Interplay of Cognition in Computer Programming and 
Code Inspection Skills in an Academic Environment 
 
 
*Olalekan S. Akinola and Oyedeji Oluwatosin 

 
 
Abstract 
This study examined the interplay of cognition in code inspection and programming skills among software 
developers.  It has been observed that the style of programming employed differs from one programmer to another 
even when solving the same problem. Also, large variations in individual performance in software development 
have been observed. Some form of innate programming ability might account for some of the differences. The 
cognitive styles of the participants were determined using Myers-Briggs Type Indicator (MBTI) tool, their 
programming skills were assessed by giving them programming task to do and the code inspection skill was also 
assessed by giving them a programming code seeded with logical errors for them to debug. The performances of the 
participants were mapped against their cognitive styles to see if there is any form of relationship among the three 
variables. It was obtained from the experiment that the participants with the cognitive style ESFJ have a strong 
positive correlation between programming and code inspection skills compared with other cognitive styles though 
statistical tests result showed that all the cognitive styles performed at the same level. 
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Introduction 
Cognition is a sub discipline of psychology 
exploring internal, mental processes. It 
studies how people perceive, remember, 
think, speak and solve problems. Cognition 
can be defined as the processes an organism 
uses to organize information. This includes 
acquiring information (perception), selecting 
(attention), representing (understanding) and 
retaining (memory) information, and using it 
to guide behaviour (reasoning and coordina-
tion of motor outputs) [1]. In science, 
cognition refers to mental processes. These 
processes include attention, remembering, 
producing and understanding language, 
solving problems and making decisions. 

Cognitive style is defined as the different 
ways people receive, organize and process 
information. It acts as a mechanism 
controlling attention, thought, and actions and  
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represents the person’s internal preference for 
using a unique type of thinking [2, 3]. Each 
individual has different cognitive styles 
which are related to mental behaviours, 
which individuals apply habitually when they 
are solving problems. Cognitive style is an 
immutable characteristic of personality [4].  

Cognition is studied in various disciplines 
such as psychology, philosophy, linguistics, 
science and computer science. This study 
experimentally examined the role of cogni-
tion in software inspection and programming 
skills among software developers using Java 
programming language as the software 
developers’ programming language. In 
essence, the study examined how the unique-
ness of a software professional is related to 
the programming and software inspection 
skills.  

An inspection is one of the most common 
sorts of review practices found in software 
projects. The goal of the inspection is to 
identify defects. In an inspection, a defect is 
any part of the work product that will keep an 
inspector from approving it. For example, if 
the team is inspecting a software require-
ments specification, each defect will be a text 
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in the document which an inspector disagrees 
with. 

A software developer also known as a 
computer programmer or coder, is a person 
who writes computer software. The term 
computer programmer can refer to a specialist 
in one area of computer programming or to a 
generalist who writes code for many kinds of 
software. A programmer's primary computer 
language (C, C++, Java, Lisp, Python etc.) is 
often prefixed to the above titles, and those 
who work in a web environment often prefix 
their titles with web [5]. Computer 
programmers write, test, debug, and maintain 
the detailed instructions, called computer 
programs that computers must follow to 
perform their functions.  

Programming style is a set of rules or 
guidelines used when writing the source code 
for a computer program [6]. It is often 
claimed that following a particular 
programming style, will help programmers to 
read and understand source code conforming 
to the style, and help to avoid introducing 
errors. Programming style used in a particular 
program may be derived from the Coding 
Conventions of a company or other com-
puting organization, as well as the 
preferences of the author of the code. 

This paper addresses the question of 
whether or not, it is possible that cognition 
style determines the individuals that are good 
in programming and code inspection skills? 
Also, which cognitive style has the best 
software developing and code inspection 
skills and what is the role of cognition in 
programming and code inspection? 
Specifically it investigates if there is a 
specific cognitive (Personality) type that 
members who perform better at computer 
programming and code inspection displays. 
The research was motivated by the fact that 
students who are taught under the same 
classroom and laboratory conditions perform 
differently at programming. 
 
Related Works 
The fields of cognition and programming are 
related in three main ways. First, cognitive 
psychology is based on a “computational 
metaphor”, in which the human mind is seen 

as a kind of information processor similar to a 
computer. Secondly, cognitive psychology 
offers methods of examining the processes 
underlying performance in computing task. 
Thirdly, programming is a well- defined task, 
and there are an increasing number of 
programmers, which make it an ideal task in 
which to study cognitive processes in a real-
world domain [7]. 

Rebecca, et al. [8] carried out a research 
work on “Aspects of Cognitive Style and 
programming”. Their work describes the 
results of an experiment to test two cognitive 
characteristics that have been shown to be 
important in other conceptual areas: working 
memory space and field dependency. The 
results show that whilst working, memory 
space appears to have only a marginal 
influence on levels of achievement on the 
course, field dependency is an important 
factor in determining success. 

Garry [9] carried out a study work on 
“Visual Basic programming Impact on 
Cognitive Style of College Students: Need for 
Prerequisites”. This research investigated the 
impact, learning a visual programming 
language, visual basic, has on hemispheric 
cognitive style, as measured by the 
Hemispheric Mode Indicator (HMI). The 
study determines if a computer programming 
course helps students to improve their 
cognitive abilities in order to perform well. 
The study found that the hemispheric 
cognitive style remained the same after a 
semester course in Visual Basic. College age 
students’ cognitive style was not impacted. 

Akinola et al. [10] carried out a study on 
the effect of cognition on programming. This 
paper describes the performances of the 
students which were mapped against their 
cognitive styles to check for any form of 
relationship between the two variables 
(cognitive styles and programming skill) 
using MBTI. A critical qualitative examina-
tion of the results obtained showed that 
MBTI Cognitive style ISTJ seems to have 
better programming skill than the participants 
with other cognitive styles. Statistical test 
performed on the data show that all the 
different cognitive styles obtained in this 

http://en.wikipedia.org/wiki/Computer_software
http://en.wikipedia.org/wiki/Computer_programming
http://en.wikipedia.org/wiki/C_%28programming_language%29
http://en.wikipedia.org/wiki/C%2B%2B
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http://en.wikipedia.org/wiki/Lisp_%28programming_language%29
http://en.wikipedia.org/wiki/Python_programming_language
http://en.wikipedia.org/wiki/Source_code
http://en.wikipedia.org/wiki/Computer_program
http://en.wikipedia.org/wiki/Programmer
http://en.wikipedia.org/wiki/Coding_conventions
http://en.wikipedia.org/wiki/Coding_conventions
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work with the participants have the same 
programming skill level.  

Garry et al. [11] study on “A Theory of 
the Relationships between Cognitive 
Requirements of Computer Programming 
Languages and Programmers Cognitive 
Characteristics”, formulates a theory that 
investigates the possible effects of two human 
cognitive characteristics on the difficulties of 
learning specific programming languages. 
They conclude that,  
 

(i) If the cognitive requirements for a 
programming language are beyond the 
cognitive characteristics of a program-
ming student, the student may burn 
out.  

(ii) If the cognitive requirements are below 
the student’s cognitive characteristics 
the student may be bored.  

(iii) If they are similar to them, the student 
is able to meet the challenges.  

 
James et al. [12] study on “A Cognitive-

Based Mechanism for Constructing Software 
Inspection Teams” describes software 
inspection as a well-known and effective 
means of defect detection. It is also a cost-
effective way of verifying documents. An 
inspection can only be as effective as the 
individuals contributing to its overall success; 
hence, an improved selection mechanism 
promises a significant return in terms of the 
overall effectiveness of the process. This 
paper presents an alternative process based 
upon an individual’s cognitive style 
mechanism and argues that a team with 
diverse information processing strategies, as 
defined by the selection mechanism, will 
maximize the number of different defects 
discovered. 

Using Bloom’s cognition taxonomy, Mc 
Meekin et al. [13] found that software 
developers who performed a code inspection 
prior to modification tend to modification 
tend to operate at higher cognition levels; and 
vice-versa. They also went further to find out 
that, inspection techniques that utilize a more 
structured reading process are associated with 
higher cognition levels [14]. According to 

Jung’s theory [12, 15], people may be 
categorized as either thinking or feeling in 
terms of their judgment tendencies. People in 
the “thinking” category focus on substantial 
research results. In making their decisions, 
they rely on firm, objective and analytic 
research. In the decision process, they depend 
on cognition over cause and effect. In 
contrast, “feeling” people focus on their 
feelings and consider the relative values of an 
issue. They attach importance to the 
understanding of personal values and group 
values before decision-making. In the 
decision process, they depend on effect over 
cognition and tend to use logic to support 
feelings.  

Jung’s theories also extend to how people 
prefer to process the information they are 
gathering. He divides this characteristic into 
the categories: extraversion and introversion. 
Extraverted people process information 
through social interaction. That is they 
develop their ideas through interaction with 
others. They verbalize ideas in order to 
emphasize them, and they prefer face-to-face 
meetings rather than memos and written 
communication. On the other hand, intro-
verted people process information internally. 
They prefer to develop ideas and make 
decisions individually in an isolated 
environment. They seldom verbalize ideas or 
opinions, and they prefer written forms of 
communication to presentations and 
meetings.  

Myers [16] extended Jung’s theory by 
proposing an additional dimension, 
describing a person’s preference between 
gathering and evaluating information. 
“Perceptive” people would like to gather 
information rather than evaluate information; 
therefore, they have difficulty in stopping this 
process. They keep on looking for new 
information before making a decision and 
often move from one project to another. They 
prefer to remain flexible and do not like fixed 
plans. They tend to be spontaneous, curious, 
adaptable, and open to new events and 
changes. “Judging” people prefer evaluating 
information to gathering information. They 
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prefer to produce order and develop 
“blueprints,” and they tend to create environ-
ments that are regulated and controlled. They 
develop cognitive schemas as a basis of 
perceiving, in order to shorten information 
gathering processes in the future. They tend 
to finish one task before starting another and 
plan activities entirely before commencing. 

Although no single definite classification 
of these ideas is ideal, many of the 
classification systems have a great deal in 
common. The Myers-Briggs Type Indicator 
(MBTI) has great popularity within the 
personality psychology community; its 
simplicity of implementation and its 
explicitness that a person must fall into one or 
the other of the ordered pair makes it a good 
classification tool for this research. 

This personality characterization test has 
been successfully administered via 
questionnaires with automatic analysis [17], 
successfully applied to managerial practice 
[18] and extensively validated [16]. It is 
important to note that the MBTI does not 
intend to measure intelligence, aptitude, or 
achievement. Rather, it reflects what an 
individual prefers [19]. 
 
Research Methodology 
This study determines if the cognitive style of 
an individual influences the programming 
and/or software inspection skills of that 
individual. To achieve this, two experiments 
were carried out to determine the 
programming and code inspection skills of 50 
students in the department of Computer 
Science, University of Ibadan, Nigeria. The 
participants in the experiments passed 
through the same learning process in Java 
programming and software inspection for a 
period of thirteen weeks of lectures each for 
the First and Second Semesters of 2011/2012 
Sessions. Only students who had no residual 
knowledge of computer programming before 
were purposefully selected. Hence, it was 

assumed they acquired the same level of 
programming ability and code inspection 
skills.  

Three major tools were used: one to 
measure the cognitive style of the participants 
in the experiment, second to measure their 
programming skills and third, to measure 
their software inspection skills. 
 
Cognitive Style Determination Phase 
To measure the cognitive style of the 
participants, the MBTI standard tool was 
adopted. The primary feature of the theory 
behind the MBTI is that each person's 
personality fits into only one of 16 types. 
These categories are based on four features of 
personality, each consisting of two opposite 
preferences. According to the MBTI theory 
[20], all people have an innate preference that 
determines how they will behave in all 
situations. 

The MBTI is a theory of types, that is 
why a person can have only one preference. 
Although, it is possible for people to develop 
the complimentary style (an introvert, for 
example, could learn to be more extroverted 
when speaking in groups) the primary 
preference will always dominate the person's 
personality. A person's MBTI score deter-
mines his or her type, a label based on his or 
her dominate preference for each of the four 
dimensions. Since, there are two preferences 
within each dimension, there are 16 potential 
personality types. 

According to Daniel, et al. [21], MBTI 
puts forward sixteen different personality 
types and each “type” is given a four-letter 
name, such as ENFP (Extrovert iNtuitive 
Feeling Perceiving) according to the four 
basic dimensions (Tables 1a and b). Each 
personality type is said to be different from 
the others i.e. ESTJ is a different personality 
type from ISTJ and ISTJ is a different 
personality type from ESTP etc. 

 
 
 
 



 
 

Akinola and Oyedeji: Interplay of Cognition in Computer Programming and Code Inspection Skills…     171 
 
 

ISSN 11179333 

Table 1a: The Four Opposite Dimensions of MBTI and the Restricted Two  
Opposite Dimensions (In Bold) of MBTI 

 
Extraversion Introversion 

Sensing iNtuition 

Thinking Feeling 

Judgment Perception 

 
 

Table 1b: The 16 Different Personality Types 
 

 
 
 
 

 
MBTI looks at where we take our inspiration 
from, how we prefer to receive and process 
information, and how we choose to order our 
lives. It is widely used in business, organiza-
tions, and governments, and is especially 
useful in such areas as team building, 
relationship counselling, management and 
leadership skills, communication, training 
and career development. 
 
Programming Skill Determination Phase 
To measure the programming skills of the 
participants, a standard practical program-
ming question was given to the participants 
after they have learnt Java programming 
language for a period of two semesters. The 
student participants were asked to write a 
program in-line with the specification of the 
problem for one hour. Thereafter, their 
programming skills in terms of programming 
styles used, syntax, efficiency of the program, 
accuracy and internal comments were 
determined. The programming question was 
graded over ten (10) marks based on the 
programming skills listed above. 
 
Software Inspection Skill Determination 
Phase 
To measure the software inspection skills of 
the  participants  a  programming code seeded  
 
 
 
 

with bugs was given to the participants to 
detect the defects seeded with bugs after they 
have learnt code inspection techniques and 
their advantages. The participants were 
initially taught how to conduct code 
inspection in a CSC 233 (Programming and 
Algorithms) class. Some forms of defects 
seeded into the five-page (A4 size paper) 
code were incorrect functionality (or 
interpretation) and incomplete statement. Ten 
logical errors were seeded into the codes, 
such as the use of wrong logical operators (<, 
>, && and ||) or division by wrong divisor 
variable. The inspection was done for one 
hour. The exercise was graded over ten (10) 
marks. 
 
Results 
The results obtained for the Cognitive Style 
Determination Phase is shown in Table 3 and 
Figure 1. Table 2 shows that a total of 50 
students participants were involved in the 
experiments. The table and Figure 1 show 
that majority of the participants were of type 
ESTJ and ISTJ, followed by ESFJ and ISFJ 
which have the same number. Cognitive 
styles such as ESFP and ENFP were not 
found among the participants; hence the 
cognitive types of the participants were not 
evenly distributed. 
 
 
 
 

 

ISTJ ISFJ INFJ INTJ 

ISTP ISFP INFP INTP 

ESTP ESFP ENFP ENTP 

ESTJ ESFJ ENFJ ENTJ 
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Table 2: Cognitive Style Distribution of Participants 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 
 

Fig. 1:  MBTI results of participants. 

 
Table 3 and Figure 2 show the breakdown 

of the combined cognitive types into their 
component types so as to have a better picture 
of the cognitive characteristics of the 
participants. It shows that we have more 
Extroverts’ than Introverts, Sensing than 
iNtution, Thinkers than Feelers and Judging 
than Perception characteristics. Table 4 
shows the result of the participants in 

programming skill assessment and code 
inspection with their respective cognitive 
styles. From the result of the programming 
and code inspection skills, participants that 
scored five and above were regarded as 
having good programming and code 
inspection skills. Only eighteen participants 
had good programming skill and twenty nine 
participants had good code inspection skill. 

 
 

 
 

 

ISTJ 

10 

ISFJ 

4 

INFJ 

1 

INTJ 

1 

ISTP 

1 

ISFP 

1 

INFP 

1 

INTP 

1 

ESTP 

1 

ESFP 

0 

ENFP 

0 

ENTP 

2 

ESTJ 

19 

ESFJ 

4 

ENFJ 

2 

ENTJ 

2 
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Table 3: Distribution of Participants into their Dichotomies 
 

MBTI 
Dichotomy 

No of 
Participants 

MBTI 
Dichotomy 

No of Participants 

Extraversion 30 Introversion 20 

Sensing 40 iNtuition 10 

Thinking 37 Feeling 13 

Judgment 43 Perception 7 

 

 
 
 

 
 

Fig. 2:  Chart showing the participants cognitive type. 
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Table 4: Result of Programming Skill and Code Inspection 
 

Participants Score in Programming  Code Inspection MBTI Type 

1 3 3 INTP 

2 3 8 ISTJ 

3 7 4 ISTJ 

4 3 3 ISTJ 

5 3 7 ESTJ 

6 4 4 ISFP 

7 5 6 ESTJ 

8 6 5 ESFJ 

9 5 4 ISFP 

10 4 6 ISTP 

11 6 7 ISTJ 

12 3 2 ESTJ 

13 1 0 ENTP 

14 4 4 ISFJ 

15 3 5 INFJ 

16 4 6 ESTJ 

17 7 6 ESFJ 

18 4 5 ESTJ 

19 3 6 ISTJ 

20 3 5 ESTJ 

21 5 7 ISFJ 

22 2 8 ENTJ 

23 3 5 ESTJ 

24 4 7 INFP 

25 1 6 ESTJ 

26 5 4 ESFJ 

27 6 5 ESTP 

28 7 3 ESTJ 

29 7 2 ESTJ 

30 8 9 ESTJ 

31 1 4 ESTJ 

32 4 5 ISTJ 

33 7 5 ESTJ 

34 2 4 ISTJ 

35 2 4 ESTJ 

36 3 4 ESTJ 

37 3 5 ISTJ 

38 3 6 INTJ 

39 3 6 ENTJ 

40 7 7 ESTJ 

41 5 4 ESTJ 

42 2 2 ENFJ 

43 7 5 ENTP 

44 4 6 ESTJ 

45 1 2 ENFJ 

46 2 3 ISFJ 

47 4 6 ISTJ 

48 8 7 ISTJ 

49 2 4 ESFJ 

50 8 3 ESTJ 
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Further Statistical Analysis 
Table 5 shows the descriptive statistics from 
the raw score of the participants using the 
cognitive styles with high occurrence among 
the participants. The table shows that ISTJ 
and ESTJ dichotomies have the same 
maximum programming result and their 
inspection skills are roughly the same too. 
Table 6 shows the rank correlation coefficient 

between the Programming and Inspection of 
ISTJ, ESTJ and ESFJ respectively. From the 
paired samples correlation, it shows that there 
is a strong positive but statistically insigni-
ficant correlation between programming and 
inspection skills of ESFJ cognitive style 
while a weak positive correlations were 
obtained for ISTJ and ESTJ. 

 
Table 5: Descriptive Statistics 

 

 

N Min Max 

Mean 

  
Std. 
Error 

ISTJ Programming 
10 2 8 4.30 0.633 

ISTJ Inspection 10 3 8 5.50 0.500 

ESTJ Programming 
19 1 8 4.47 0.521 

ESTJ Inspection 19 2 9 4.89 0.411 

ESFJ Programming 
4 2 7 5.00 1.080 

ESFJ Inspection 4 4 6 4.75 0.479 

 

 
Table 6: Paired Samples Correlations 

 

 N Correlation Sig. 

Pair 1 ISTJ 
Programming & 
ISTJ Inspection  

10 0.263 0.463 

Pair 2 ESTJ 
Programming & 
ESTJ Inspection  

19 0.054 0.826 

Pair 3 ESFJ 
Programming & 
ESFJ Inspection  

4 0.806 0.194 

 
 
Table 7 shows the t-Test which was used to 
test if there is a significant difference 
between the programming and code 
inspection skills of the cognitive styles. From 
the result, there was no statistical significant 
difference in the skills within the cognitive 
styles. There were little differences in the 
average result obtained from their skills. 
Table 8 shows the One-Way ANOVA on the 
raw scores of participants among the 

cognitive styles obtained. The result obtained 
shows that there is no significant difference 
in the programming and inspection skills 
among the cognitive styles. Significance 
levels of 0.86 and 0.60 were respectively 
obtained for programming and inspection at 
an error probability level of α = 0.05. Post 
Hoc test also confirmed that there was no 
significant difference among all the cognitive 
styles.
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Table 7: Paired Samples t-Test 
 

 df Sig. (2-tailed) 

Pair 1 ISTJ 
Programming - 
ISTJ Inspection  

9 0.119 

Pair 2 ESTJ 
Programming - 
ESTJ Inspection  

18 0.523 

Pair 3 ESFJ 
Programming - 
ESFJ Inspection  

3 0.761 

 
 

Table 8: ANOVA Analysis 
 

  Mean Square F Sig. 

Programming Between 
Groups 

0.703 0.148 0.86 

 Within 
Groups 

4.761   

Inspection 
Combined 

Between 
Groups 

1.420 0.513 0.60 

 Within 
Groups 

2.768   

     

 
 
Discussion 
From the results analysis, it can be deduced 
that the participants with MBTI cognitive 
style ESFJ have better programming and 
inspection skill compared with participants of 
other cognitive styles. The ISTJ, ISFJ, ESTJ 
and ESFJ all fall under the same category – 
‘Guardian’ according to Keirsey’s type name 
and ESFJs are specially referred to as 
‘Providers’ [22]. According to Briggs, this 
cognitive style work with determination and 
like to work with others to complete task 
accurately and on time [23]. These account 
for their being good in programming and 
code inspection. 

On a detailed level, it can be said that the 
Extraversion/Introversion dichotomy of the 
MBTI has little or no effect on the 
programming and code inspection skills of 
the individual. Hence, the Extraversion/ 
Introversion dichotomy of an individual need 

not necessarily influence the programming 
and code inspection skills of an individual. 
Also, the Thinking/Feeling dichotomy has 
little effect on the programming and code 
inspection skills of an individual. Hence, the 
way in which an individual makes decision 
need not necessarily influence his program-
ming and code inspection skill. The Sensing/ 
Intuitive dichotomy on the other hand was 
shown to have influenced the programming 
and code inspection skills of some 
participants. Most of the participants with the 
Extroversion and Sensing dichotomy 
performed better in the programming and 
code inspection assessment than the 
participants with the Thinking function.  

However, statistical test performed on the 
data shows that all the different cognitive 
styles obtained in this work with the 
participants have the same programming and 
code inspection skill levels and that there is a 
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strong positive rank correlation between 
programming and inspection skills of ESFJ 
cognitive style.  This result may be attributed 
to the fact that the programming and code 
inspection experience of the participants used 
were very low. They have not been exposed 
to the real industrial setting. Natural ability as 
well as experience to program and inspect 
code may be some factors that might 
influence the effectiveness of programmers or 
code reviewers and not really their 
personality traits. 

Our result is in-line with some existing 
works. For instance, according to O' Brien et 
al. [24] in their work on “Myers-Briggs Type 
Indicator and Academic Achievement in 
Engineering Education”, it was shown that 
there was no significant difference in dimen-
sions of Extroversion/Introversion, Thinking/ 
Feeling, Judging/Perception but significant 
main effect did emerge in relation to sensing/ 
Intuition. They proposed that students with 
intuitive cognitive styles achieved 
significantly higher grades than those with 
sensing styles.  

According to James Miller and Zhichao 
Yin [12], in their work on “A cognitive-
Based Mechanism for Construction Software 
Inspection Team”, the effect of cognitive 
differences among software reviewers was 
relatively weak and other confounding 
variables such as natural ability in finding 
defects are significantly impacting some of 
their results. Akinola et al. [10] in their work 
on “Does cognition affect programming 
skill?”, statistical test performed on the data 
shows that all the different cognitive styles 
obtained in their work have the same 
programming skill level.  

Some works (for example, Chandler et al. 
[25], Capretz [26, 27] and David [15]) have 
shown that majority of good programmers/ 
software engineers are always in the ISTJ and 
ESTJ MBTI dichotomy. Majority of partici-
pants in this study also followed this trend as 
demonstrated in Table 3. 
 
 

Conclusion 
From the results of the experiment, the 
statistical tests result shows that all the 
cognitive styles performed at the same level. 
Also, considering the 4-pair dichotomies, 
participants in the Sensing dichotomy 
performed better at programming and code 
inspection. Further studies would have to be 
carried out by extending this study to 
participants in higher levels and in different 
academic environments as well as in the 
industry; in which each dichotomy can be 
empirically looked into, in order to see how it 
really affects the individual programmer. 
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