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ABSTRACT 

              Several developers exhibit dysfunctional behaviour under time pressure (TP). It is believed that “situations and 

personality are two sides of a coin that cannot be separated”. Different personality traits are believed to produce different 

results under TP. There are numerous studies conducted in the past finding relations between different job roles &TP and 

personality. However, a lack of studies has been found in software development to measure the relationship between TP and 

the developer’s personality. Therefore, this study has set an objective to find out the relationship between software 

developer’s personality types (based on Myer-Briggs Type Indicator) and TP and their impact on software quality. The 

“completely randomized design” was used over 30 senior software engineering (SE) students for data collection. The 

experiment design contained six experimental rounds with different task complexity levels (i.e., easy, medium and hard) and 

TPs. Each even-numbered round (i.e., 2, 4, 6) was induced with TP, whereas odd rounds were without TP (NTP). The 

McNemar test was used to find personality differences between groups. Moreover, a Genetic Algorithm (GA) was used 

under Rough Set Theory (RST) to develop the model. Model validation was performed by applying Naïve Bayes classifier 

and considering prediction accuracy, F1-score and Area under Curve (AUC)-Receiver Operation Characteristics (ROC) 

values. The McNemar test results showed that except round 1 and round 2, all rounds had a significant number of personality 

differences. Later, GA techniques returned 43 decision rules with 72.20% prediction accuracy. Based on the results, it can 

be concluded that certain personality types can deal with TP effectively. For instance, intuiting, thinking and judging 

personality-based combinations can handle TP effectively. 

 
Keywords: software development, time pressure, personality, MBTI, genetic algorithm, model development. 

 

INTRODUCTION 

Time pressure (TP) has been considered an 

important factor for software development projects. TP is 

described by Cooper et al. [1]as a lack of time to accomplish 

a task.TP is a psychological state that occurs when there is 

insufficient time to complete a task [2]. Basten [3] found 

that TP is an individual’s perception. It is all about how 

people perceive TP. There are always several developers 

who produce dysfunctional behaviour under TP. TP is 

defined as the perception or feeling that there is inadequate 

time to finish a task or series of tasks to meet job obligations 

or that workers must work quicker than usual [4], [5], [6]. 

Overall, TP is a factor or situation interpreted differently by 

different people because it is based on the individual’s 

perception of how they can handle it. It was discovered that 

various people had varying reactions to TP [7], [8]. 

TP has been considered both positive and negative 

reasons for software developer performance. For instance, 

it is a positive stressor when managers want to engage 

developers in activities to extract the best performance[9]. 

Some individuals claim that TP increases software 

developers’ burdens, eventually resulting in burnout [7]. 

Due to TP, several developers quit jobs and, more seriously, 

several face physiological and psychological problems. 

Team performance, project quality and low productivity are 

frequently related to TP. TP is mostly associated with 

negative outcomes for software projects [10].  

Software engineering (SE) is overall centred on 

human factors [11], [12]. Because software is generated and 

utilized by a wide range of people, it is vital to comprehend 

individual behaviour when developing software [13], [14]. 

Humans are the major source of software development and 

are responsible for ensuring that operations are reliable, 

effective, and of high quality [15]. The human aspects are 

difficult to comprehend because everyone approaches 

challenges in their way. As a result, managing people in the 

SE is increasingly important [16].Software failure is caused 

by a lack of knowledge of human factors. As a result, the 

issue occurs when the actual cause of software failure is 

overlooked or misconstrued. Blaming technology alone 

would provide no relief. As a result, the exact cause of the 

software failure is due to pay less attention to human issues 

[17], [18], [19], [20]. 

No human activates himself in the same way in a 

different scenario. Tett et al. [21] mentioned that “trait and 

situation form two sides of a coin that cannot be separated 

from each other.” The initial motivation of this study was 

taken from the trait activation theory (TAT). The principle 

of TAT [21] has a basic philosophy that personality traits 

are hidden tendencies to behave in certain ways in a 

different scenario. TAT development also focuses on the 

individual’s reactions based on situations and performance 

outcomes depending on personality traits.  TP situations are 

never easily manageable by every individual in software 

development workplaces. The assignment of work to 

employees suited for their personalities is the most 

important part of project success [22]. Heaton and 

Kruglanski [23] observed it more closely by segregating 

and claiming that introvert and extrovert personality traits 

would produce different perceptions under TP. Because 
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every human is different in dealing with TP, personality can 

help us recognize the way developers are dealing the TP. 

Several studies have been conducted in social sciences to 

find the relationship between TP and personality and their 

impact on project outcome. For example, a person who is 

high in neuroticism may act impulsively in such 

circumstances and make a wrong decision under TP[24]. 

Fisher [25] studied the relationships between personality 

with job stress, satisfaction and performance while 

performing the audit. He found a significant association 

between personality and job satisfaction and performance. 

Similarly, In the study of Kocher et al.[26], they worked to 

check who could cope with the TP better than others; the 

result showed that individuals with high cognitive ability 

and intellectual efficiency can perform better under TP. 

Unfortunately, a scarcity of work in SE highlights 

using such a strategy to lessen or mitigate TP and 

personality type difficulties. However, empirical SE 

literature contains few studies which have worked on TP. 

MiikkaKuutila and Mika Mantylaare among those few 

authors highlighting TP’s importance in SE. They have 

conducted a literature study [10], concluding that several 

psychological problems occur due to TP. Furthermore, in 

their study, TP has been found as a major factor for more 

errors and low quality. Authors also claimed that software 

development and auditing are cognitive jobs requiring 

serious attention to detail and understanding of rules.  

However, several studies conducted in the past find 

relations between auditor personality types and TP[3], [19]. 

There is still a lack of research in SE that reveals which 

personality types are better at dealing with TP. Capretz et 

al. [28]; and Smith et al. [29] discovered that evaluating 

employee’s personalities before assigning work is vital 

since the success or failure of software projects depends on 

personality types. As a result, it is vital to apply TP in SE to 

study the personality of employees because human 

personality influences employee performance and affects 

software quality [15], [22], [23]. Therefore, this study 

conducts an experiment to identify the personality types 

suitable to work efficiently under TP.  

 

 

 

 

 

 

 

 

 

 

METHODOLOGY 

The empirical data was collected by arranging the 

controlled experimental setup on the students of the Sukkur 

IBA University (SIBAU). A total of 30 senior students 

voluntarily participated in the study. Those students were 

selected based on 1) Age of 20 years or 20+ and2) 

Academic grades. The minimum age of 20 years was set up 

to avoid internal threats to validity. Because researchers 

from the personality domain believed that personality under 

20 changes[32]. Similarly, academic grades of 

programming subjects were considered to ensure that 

technical weaknesses did not influence the results of the 

experiments. Moreover, Myers-Briggs Type Indicator 

(MBTI) [33] was used to obtain the participant’s 

personality types. It is widely used instrument and 

recommended by SE researchers [26], [27], [28], [29].  

The “completely randomized design” was used for 

the experiments. A completely randomized design requires 

all the participants to obtain all the experiment’s treatments. 

It is the simplest of all the randomization and replication-

based designs (Xian & Liu, 2019). This ensures that all 

experimental unit has an equal chance of receiving 

treatment. It is simple to figure out the design. It is 

adaptable in terms of the number of treatments and 

replication, which can vary greatly from one treatment to 

the next. 

This study’s experiment had six rounds in which 

each participant was required to undergo the task in each 

round. Six rounds were setup to minimize the internal 

threats to validity and increase the model acceptance. The 

experiment’s goal was to create a software coding program 

based on a suggestion from a subject expert or lecturer. The 

tasks were assigned time-based on the pre-test approach. 

This method involves measuring the amount of time 

required to accomplish a task, giving the TP group limited 

time and the NTP group ample time to do the task. Topi, 

Valacich and Hoffer [38] employed the pre-test strategy in 

their controlled experiment. Setting time restrictions for 

assessing TP in experiments is useful [39]. The tasks in the 

odd rounds were with no time pressure (NTP). This way, 

we set up the benchmark to compare with TP results. On the 

other hand, tasks in the even rounds were induced with time 

pressure (TP) by reducing the actual time limits.  

Once the tasks were submitted to the teacher, the 

subject teacher evaluated the submitted tasks based on the 

requirements. The tasks were given a score ranging from 1 

to 100. Based on the marks, participants were classified into 

two performance classes: effective or ineffective. Table-1 

denotes the overall study variables and their values.  
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Table-1. Study variables and their values in the study. 
 

Variable Input 

Predictor  

Round 1. Easy with no TP (NTP) 

2. Easy with TP 

3. Medium NTP 

4. Medium TP 

5. Hard NTP 

6. Hard TP 

IE 1. Introvert 

2. Extrovert 

SN 1. Sensing 

2. Intuiting 

TF 1. Thinking 

2. Feeling 

JP 1. Judging 

2. Perceiving 

Outcome  

Performance 1. (Marks <77) Ineffective 

2. (Marks>= 77) Effective 

 

Before applying further modeling techniques, it 

was important to evaluate whether the difference between 

the rounds (i.e., NTP and TP) exists or not. The McNemar 

test was applied over the rounds results by considering a 

minimum p1-value of 0.05 and a p2-value of 0.10. We 

found except for round 1 and round 2, the other rounds had 

a considerable difference between the personality types of 

NTP and TP. It concluded that there was no difference in 

the performances when tasks were simple. The level of 

tasks impacts the performance. Following Table-2 

summarizes the McNemar test results between each 

comparable round.  

 

Table-2. McNemar test results. 
 

Trail Between p1-value p2-value Difference 

1 Round 1 Round 2 0.003 0.007 No 

2 Round 3 Round 4 0.091 0.182 Yes 

3 Round 5 Round 6 0.342 0.684 Yes 

 

Moreover, a Genetic algorithm (GA) was used 

under rough set theory (RST) to develop the model. GA is 

an artificial intelligence algorithm with a heuristic search 

process that copies natural evolution. GA rely on 

biologically inspired operators such as mutations, 

crossover, and selection to develop high-quality solutions 

and optimise and search for issues [40], [41]. The ability to 

implement GAs as a “universal optimiser” that can be used 

to optimize any sort of issue from various fields[42], [43]is 

one of the advantages of such algorithms. A GA can reveal 

elegant, multifaceted answers to problems that a researcher 

may be oblivious of, and those appropriate engineering 

methodologies are unlikely to find [44], [45]. Furthermore, 

the dataset was divided into subsets for model training and 

testing. The Naïve Bayes classifier was applied for the 

testing, and prediction accuracy, F1-score and Area under 

Curve (AUC)-Receiver Operation Characteristics (ROC) 

measures were considered over the developed model.  

 

RESULTS AND DISCUSSIONS 

We have sorted results for discussion based on the 

complexity level of the tasks (i.e., easy, medium and hard). 

As mentioned earlier, the subject expert suggested the task, 

and the task complexity was induced in the tasks by the 

subject expert. The GA algorithm in RST generated some 

rules. The “rules with TP and NTP” can also be utilized as 

a decision statement based on a dataset-driven “IF-THEN” 

condition. Each rule has two interpretations: 1) Situation; 2) 

Decision The statement before (“=>") is termed the IF-

PART in the table above, and the statement following after 

(i.e., “=>") is called the THEN-PART. The left-PART is the 

number of objects in the dataset that fit the if-statement. On 

the other hand, the right part shows how many objects from 
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the dataset match the “then-statement/then-part” depending 

on the if-statement. In the easy level, six decision rules were 

formed from round 1. In other words, six personality 

combinations were formed to denote effective and 

ineffective classes. Based on the rules, only one personality 

combination (Introvert, Intuiting and Feeling) is appeared 

to be ineffective for yielding positive results on the given 

tasks.  Whereas remaining five rules were supporting the 

effective class. These rules were composed of introvert(1), 

extrovert(3), sensing (2), intuiting (1), thinking (1), 

feeling(1), judging (1) and perceiving (2) times. It shows 

that extrovert personality combinations mainly dominated 

the effective results if the task is NTP.  

On the other hand, seven rules were formed in 

round 2. Only three of them were composed for effective 

class and the remaining four for ineffective class. Based on 

the rules, it was observed that intuiting and judging traits 

are composed of the effective class rules only. Moreover, 

the ineffective class mainly dominated introvert and 

perceiving-based personality compositions. It explains that 

one should have intuiting and judging-based personality 

formations that can tackle the TP. Similarly, introvert and 

perceiving personality combinations can take TP as these 

traits were observed effective in the round 1. Table-2 

summarizes the outcomes of each rule in their respective 

rounds.  
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Table-3. Presents the overall rules which were formed during experiments. 
 

S. No Rules without TP Rules with TP 

 Round 1 vs Round 2 

1 
Round(1) AND Introvert AND Sensing => 

Outcome(1) 

Round(2) AND Introvert AND Intuiting AND Judging 

=> Outcome(1) 

2 
Round(1) AND Introvert AND Intuiting AND 

Feeling => Outcome(0) 

Round(2) AND Introvert AND Thinking => 

Outcome(0) 

3 
Round(1) AND Extrovert AND Intuiting => 

Outcome(1) 

Round(2) AND Introvert AND Sensing AND 

Perceiving => Outcome(0) 

4 
Round(1) AND Extrovert AND Perceiving => 

Outcome(1) 

Round(2) AND Introvert AND Intuiting AND Feeling 

AND Perceiving => Outcome(0) 

5 
Round(1) AND Extrovert AND Sensing AND 

Feeling AND Judging => Outcome(1) 

Round(2) AND Extrovert AND Intuiting AND 

Thinking => Outcome(1) 

6 
Round(1) AND Thinking AND Perceiving => 

Outcome(1) 
Round(2) AND Extrovert AND Feeling => Outcome(0) 

7  Round(2) AND Sensing AND Judging => Outcome(1) 

 Round 3 vs Round 4 

1 
Round(3) AND Introvert AND Intuiting AND 

Feeling AND Judging => Outcome(1) 
Round(4) AND Introvert AND Sensing => Outcome(0) 

2 
Round(3) AND Introvert AND Feeling => 

Outcome(0) 

Round(4) AND Introvert AND Thinking => 

Outcome(1) 

3 
Round(3) AND Introvert AND Sensing AND 

Judging => Outcome(0) 
Round(4) AND Introvert AND Judging => Outcome(1) 

4 
Round(3) AND Introvert AND Perceiving => 

Outcome(0) 
Round(4) AND Extrovert AND Sensing => Outcome(0) 

5 
Round(3) AND Extrovert AND Intuiting AND 

Feeling AND Perceiving => Outcome(1) 

Round(4) AND Extrovert AND Thinking => 

Outcome(1) 

6 
Round(3) AND Extrovert AND Feeling => 

Outcome(1) 
Round(4) AND Extrovert AND judging => Outcome(1) 

7 
Round(3) AND Extrovert AND Sensing => 

Outcome(1) 

Round(4) AND Intuiting AND Perceiving => 

Outcome(0) 

8 
Round(3) AND Sensing AND Perceiving => 

Outcome(1) 
 

 Round 5 vs Round 6 

1 
Round(5) AND Introvert AND Intuiting AND 

Feeling AND Perceiving => Outcome(1) 

Round(6) AND Introvert AND Intuiting AND Feeling 

AND Judging => Outcome(0) 

2 
Round(5) AND Introvert AND Intuiting => 

Outcome(0) 

Round(6) AND Introvert AND Intuiting AND Judging 

=> Outcome(1) 

3 
Round(3) AND Extrovert AND Intuiting AND 

Feeling AND Judging => Outcome(1) 

Round(6) AND Extrovert AND Intuiting AND 

Thinking AND Judging => Outcome(1) 

4 
Round(5) AND Extrovert AND Perceiving => 

Outcome(0) 

Round(6) AND Extrovert AND Perceiving => 

Outcome(0) 

5 
Round(5) AND Extrovert AND Sensing AND 

Feeling => Outcome(1) 
Round(6) AND Sensing => Outcome(0) 

6 
Round(5) AND Extrovert AND Intuiting AND 

Judging => Outcome(0) 
Round(6) AND Feeling => Outcome(0) 

7 
Round(5) AND Extrovert AND sensing AND 

Thinking => Outcome(1) 
 

8 
Round(5) AND Intuiting AND Feeling AND 

Judging => Outcome(0) 
 

9 
Round(5) AND Thinking AND Perceiving => 

Outcome(1) 
 

 

In the round 3 and 4, complexity was slightly 

greater than round 1 & 2 as mentioned above. Therefore, 

we expected to extract new personality combinations that 

will behave well in both TP and complexity. Keeping it in 

view, we got a total of eight rules composed for round 3. In 

which four rules were classified as effective and four as 
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ineffective. The results quite openly represent that introvert 

trait-based combinations in round 3 were mostly 

ineffective. 

Similarly, extrovert, feeling and perceiving traits 

appeared to be effective traits in round 3. On the other hand, 

in round 4, the introvert trait appeared to be effective in 

maintaining quality results with TP provided composed of 

thinking and judging traits. In the same way, extrovert trait-

based personality was effective in round 4 if it was 

composed of thinking and judging traits. In the psychology 

language, one can say that thinking trait-based personality 

people are less emotional and directed based on the 

organizational or project goals. Similarly, judging people 

are called well organized. Therefore, based on the limited 

results, we can say that developers with thinking and 

judging personality traits could manage quality along with 

TP.  

Nine rules were formed in round 5, the highest 

number of rules in any round. Four rules were formed for 

ineffective class decisions. Extrovert, intuiting and judging 

were found frequently in the ineffective class rules in round 

5. On the other hand, in the rules composed of effective, 

extrovert, sensing, feeling, and perceiving appeared to be 

dominated in the rules. It was observed that the extrovert 

trait appeared in both effective and ineffective classes, but 

the other trait’s combination matters. For example, 

extroverts appeared in the ineffective class if it is composed 

of perceiving and intuiting and judging (see round 5 rule no 

4 and 6 in Table-2). 

Moreover, in round 6, six rules were composed; 

four were classified as ineffective class, and the remaining 

two were classified as effective. During observing the rules 

in the round 6, we realised that personality type ENTJ 

appeared effective straight away. Also, introvert, intuiting 

and judging personality combination appeared to be 

effective. Hence, we can claim that intuiting and judging-

based personality combinations are suitable for working 

under TP. On the other hand, sensing and feeling 

personality traits appeared to be ineffective (see round 6 

rules no 5 and 6). Extrovert with perceiving appeared 

ineffective in both rounds 5 and 6. We also observed that a 

combination of an introvert, intuiting and feeling do not 

handle TP effectively to manage the quality outcome.  

As mentioned in the methodology section, 

prediction accuracy, F1-score and AUC-ROC measures 

were applied to test the results. Using Naïve Bayes 

classifier in the testing dataset, this study obtained 72.22%, 

76.20%, and 73.20% values on prediction accuracy, F1-

score and AUC-ROC, respectively. According to Pearson 

[46], prediction accuracy is one of the essential elements to 

consider when evaluating a model’s performance. This 

study was chosen based on a prediction accuracy criterion 

of 70%. The testing results of this study are satisfactory as 

they achieved the minimum validation benchmark in human 

studies. In the light of literature, it’s worth noting that 70% 

prediction accuracy is considered adequate for model 

development[47],[48],[32]. As a result, 70 % was 

established as the effective accuracy benchmark in this 

study. Finally, the model was validated using a benchmark 

of 50% or higher for AUC-ROC [49]and for F1-score 

measure [50], [51] using the following formula: 

 

𝑓1−𝑠𝑐𝑜𝑟𝑒 = 2 ∗
𝑝𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛∗𝑟𝑒𝑐𝑎𝑙𝑙

𝑝𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛+𝑟𝑒𝑐𝑎𝑙𝑙
     …………………….(1) 

 

Table-3 summarizes the results of the measures, 

respectively.  

 

Table-4. Testing results. 
 

Measure Obtain value Benchmark 

Prediction Accuracy 72.22% 70% 

F1-Score 76.20% 50% 

(Note: precision=70.5882 & recall=82.7586) 

ROC-AUC 73.20% 50% 

 

THREATS TO VALIDITY 

First and foremost, the findings of this study can 

be utilized to identify successful personality types for 

dealing with TP. Personality is a broad term that can be 

influenced by a variety of internal and external factors. As 

a result, generalizing these findings remains a major worry 

for the study’s validity. Internal validity refers to how well 

a test establishes a reliable cause-and-effect relationship 

between a treatment and a result. Therefore, the same 

students conducted all rounds to appropriately measured 

NTP and TP’s influence. The tasks were different in each 

round, but the level of complexity was the same to avoid 

threats of task familiarity. The students’ age may also 

influence validity; for example, older students may be able 

to manage the TP better, whereas younger students may not. 

As a result, the student’s age limit was set at 20 or higher to 

avoid this hazard and assure personality stability. It may 

lessen the model’s validity threats while also increasing its 

acceptance. External validity relates to how well a study’s 

findings may be applied to other situations. For external 

validity issues, third-year students were selected because 

they did better since they were more familiar with the 

courses and programming assignments; therefore, they 

were able to complete the tasks more quickly. Furthermore, 

students are appropriate SE participants because there are 

no significant performance differences between students 

and experienced developers [52][53][54].  

 

CONCLUSIONS 

This study was started with the objective of 

finding out the relationship between human personality 

types and TP. We can conclude that different personality 

types behave differently to dealing with TP. Based on the 

results; it concluded that certain personality types could 

deal with TP effectively. For instance, intuiting, thinking 

and judging personality-based combinations can handle TP 

very well. However, sensing and perceiving personality 

traits can produce satisfactory results but not during TP. As 

previously said, the real cause of software failure in SE is 

neglecting the human factors. Personality variables may 

impact overall software development outcomes if they are 
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ignored throughout specific jobs. Workers do their best 

when they are in their comfort zone, but it is harmful to the 

organization and the individual who works there if they are 

not. As a result, the findings revealed that matching 

employees to their personality types can significantly boost 

the chances of software success.  

 

LIMITATIONS AND FUTURE WORK 

This study has some limitations that could lead to 

intriguing future research. The data for this study was 

gathered from software engineering students in an 

educational setting that limited the scope of the research. As 

a result, a larger sample size is required to perform the study 

at a higher level and with professionals from the software 

development industry. There is also a recommendation for 

future research to consider gender issues while studying 

personality types. As a result, more attention must be paid 

to employees’ personality types in combination with their 

gender to deal with TP because personality types 

significantly impact gender. 
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