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Abstract—Human factors have an important effect on 

performance of software teams and resulting software products. 

One of the seldom-studied aspects of human factors is the effect of 

personality-based team formation on team cohesion and quality of 

the software product. In this study, we investigate the above effect 

by conducting an exploratory case study during a term-long 

undergraduate software engineering course containing a project 

component with 50 undergraduate students. We grouped the 

students based on the social-interaction dimension (introversion/ 

extraversion) of the well-known Myers–Briggs Type Indicator 

(MBTI) personality assessment model. We then collected the 

relevant metrics to explore/analyze the two parameters of interest 

in our study: team cohesion, and project grade as an indicator of 

project output (i.e. resulting product quality). Our results show 

that there is some (although weak) relationship between the team 

formation scheme (based on either introversion or extraversion) 

with group performance and project grade. The results also show 

that mixed grouping of personality types has no significant effect 

on team cohesion but is advantageous in achieving higher project 

grades especially for people with low GPAs.  

 
 

Index Terms—human factors, team formation, MBTI, team 

cohesion, product quality, software projects, empirical study.  

 

I. INTRODUCTION 

oftware Engineering (SE) is a team activity by nature, and 

human and social factors have a strong impact on the 

success of any SE endeavor and the software product developed 

by software teams [1]. In the pursuit of more effective and 

efficient software development, software teams must be 

composed of people who work well together. How to properly 

form these teams, the interaction between team members, and 

how individual personalities influence performance and 

software quality, have been among the important concerns in 

the SE field from the 1960s to the present day [2]. Many leading 

figures in the field have claimed that it is fundamentally people 

that make the difference between success or failure of software 

projects [3]. 
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Building effective software teams that would lead to project 

success, however, is not trivial [2]. Understanding human 

aspects in SE teams is crucial because having the right people 

in a team can make or break a project. Thus, there is a need to 

explore factors that bind team members and understand the 

elements that enable effective team performance. In this 

context, various factors such as personality types and skill 

levels should be taken into account. While there exist a large 

body of research in this area, e.g. [4-12], there is a need for more 

empirical evidence and in-depth studies which look into each 

personality-related factors in more detail, e.g., introversion and 

extraversion. 

In this study, we aim at assessing the impacts of personality-

based team formation on team cohesion and project output, 

from the viewpoints of researchers and practitioners. We 

conducted an exploratory case study during a term-long 

undergraduate SE course containing a project component with 

50 students. We first assessed personality types using the 

widely-used Myers–Briggs Type Indicator (MBTI) [13, 14], 

which is the most commonly used model in SE literature [15]. 

For team formations, we considered the introversion/ 

extraversion dimension of MBTI. We then investigated the 

effects of team formation on team cohesion and project output.  

The results of our case study provide insights for practitioners 

and can be useful when building software teams. 

The remainder of this paper is organized as follows. Section 

II discusses the background and related work. Section III 

describes our research method. Section IV presents the results 

of the study. Section V summarizes the findings, implications 

and limitations of our study. Finally, Section VI concludes this 

study and states the future work directions. 

II. BACKGROUND 

A. Team Related Factors 

The most related body of work to our study are the empirical 

studies about team-related factors in SE. From the large set of 

such studies, we have sampled a list as shown in Table I. For 

each study, we show the publication year, paper title, and the 

independent and dependent variable(s) studied in the study.  

From the list of possible independent and dependent 

variables that are worthy of investigation, some have been 

studied in the previous work as listed in Table I. In this study, 

we focus on personality-based team formation as the 

independent variable and team cohesion and project output as 

dependent variables. To the best of our knowledge, our study is 

the first one focusing on this particular combination of 

independent and dependent variables. 
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TABLE I.  EMPIRICAL STUDIES IN SE STUDYING TEAM-RELATED FACTORS 

Ref. & 

Year 
Paper title Independent 

variable(s) 

Dependent 

variable(s) 

[4] 
2005 

Examining team cohesion as an 
effect of software engineering 

methodology 

Software 
engineering 

methodology 

Team 
cohesion 

[5] 

2006 

A follow up study of the effect of 

personality on the performance of 
software engineering teams 

Personality Team 

performance 

[6] 
2009 

How do personality, team processes 
and task characteristics relate to job 

satisfaction and software quality? 

Personality, 
team processes 

and task 

characteristics 

Job 
satisfaction 

and software 

quality 

[7] 
2010 

Analyzing personality types to 
predict team performance 

Personality 
types 

Team 
performance 

[9] 
2010 

Software engineering group work: 
personality, patterns and 

performance 

Personality of 
group members 

Using design 
patterns, 

learning 

achievements 

[8] 
2013 

A worked example of the relations 
between personality and software 

team processes 

Personality Team process 

[10] 

2014 

A mixed methods investigation of 

ethnic diversity and productivity in 

software development teams 

Ethnic diversity Productivity, 

innovation 

and problem 
solving 

[11] 

2014 

A replicated quasi-experimental 

study on the influence of personality 

and team climate in software 

development 

Team cohesion 

and conflict 

 

Team 

performance 

[12] 
2015 

Are team personality and climate 
related to satisfaction and software 

quality? Aggregating results from a 

twice replicated experiment 

Team 
personality and 

climate 

Satisfaction 
and software 

quality 

TABLE II.  DIMENSIONS IN MBTI PERSONALITY ASSESSMENT  

Introversion/ 

Extraversion 
(I/E) 

The extraverted types learn best by talking and interacting with 

others; and by interacting with the physical world, they can 
process and make sense of new information. The introverted 

types prefer quiet reflection and privacy; and information 

processing occurs as they explore ideas and concepts internally.  

Sensing/ 

Intuition (S/N) 

Sensing types enjoy a learning environment in which the 

material is presented in a detailed and sequential manner. They 
attend to what is occurring in the present, and can move to the 

abstract after they have had the experience. Intuitive types prefer 

a learning atmosphere in which an emphasis is placed on 
meaning and associations; they value insight higher than careful 

observation, and naturally recognizes patterns in work. 

Thinking/ 

Feeling (T/F) 

Thinking types desire objective truth and logical principles and 

are natural at deductive reasoning. Feeling types place an 

emphasis on issues and causes that can be personalized while 
they consider other people's motives. 

Judging/ 

Perceiving 

(J/P) 

Judging types thrive when information is organized and 

structured, and they are motivated to complete assignments in 

order to gain closure. Perceiving types flourish in a flexible 
learning environment in which they are stimulated by new and 

exciting ideas.  

B. MBTI Personality Assessment 

The Myers–Briggs Type Indicator (MBTI) is a popular tool for 

personality assessment, which was developed based on the 

theories of Carl Jung [16]. It serves as an introspective self-

report questionnaire designed to indicate psychological 

preferences in how people perceive the world and make 

decisions [13, 14]. There are four dimensions in this indicator 

as shown in Table II. MBTI has been widely used in different 

research communities, e.g., social sciences, psychology and SE 

[15]. Various studies have appeared on the usage of MBTI and 

other personality tests in SE, e.g., [3, 15, 17]. According to a 

systematic literature review (SLR) on personality assessment in 

SE [15], MBTI is the most commonly used model in the SE 

literature. For all the above reasons, in this study, we selected 

MBTI as the personality assessment model. 

C. Team Building and Personality Types 

There are many discussions and studies in other domains which 

report collaborations among extraverts and introverts could be 

challenging [18, 19], e.g.: “Extraverts can think that introverts 

are slow, have few ideas to share and are unemotional. They 

interpret those calm faces as meaning introverts lack in emotion 

and passion. Introverts think that extraverts are shallow 

because they talk a lot. Not being direct and concise can be seen 

as lacking depth.” [19]. 

It was argued in [2] that personality-type analysis could help 

take the guesswork out of putting together a high-performance 

software project team. The authors invited 92 Information 

Systems (IS) professionals from 20 software development 

teams in Hong Kong to complete a questionnaire-based survey. 

The surveys showed how team leaders scored on the 

information gathering dimension (sensing/intuitive) had a 

significant impact on team performance. Only the decision-

making dimension (thinking/feeling) of the systems analyst 

personality had a significant influence on team performance. 

Only the social-interaction dimension (introversion/ 

extraversion) of the programmer personality was strongly 

related to team performance. Among the conclusions were that 

it was unnecessary to have diversity of personalities among 

team members (excluding team leader) due to the fact that 

members needed to perform multiple tasks of the software 

development life cycle and that heterogeneity was not good for 

all phases. 

The study in [20] examined the relationships between the ‘Big 

Five’ personality factors (conscientiousness, extraversion, 

neuroticism, agreeableness, and openness to experience) and 

objective team performance, and derived implications for 

selecting successful product teams. Successful teams were 

characterized by higher levels of general cognitive ability, 

higher extraversion, higher agreeableness, and lower 

neuroticism than their unsuccessful counterparts. 

The study in [21] proposed a formal model for assigning 

human resources to teams in software projects. Using the 

Delphi method, the authors proposed a set of software project 

roles and competencies. Psychological tests and data mining 

tools identified useful rules for forming software project teams. 

These were used to build a formal model, which was later built 

into a tool that automatically calculated role assignments. This 

decision-support tool was claimed to help managers in 

assigning people to roles and forming software teams. The 

model was validated by assignment scenarios in two software 

development organizations. 

The study in [22] presented a mix-method replicated study for 

team building in software projects. The findings indicated that 

carefully selecting team members for software teams was likely 

to positively influence the projects in which these teams 

participate. Besides, it seemed that the type of development 

method could moderate (increase or decrease) this influence. 

The study in [23] discussed a comparison of the performance 

of student groups formed randomly, with those formed by using 

the learning styles questionnaire. The study found no significant 

differences in the performances of these two sets of groups, for 

which it discussed several possible reasons. 
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D. Team Cohesion 

One of the most studied team variables in literature is “team 

cohesion”. Team cohesiveness is the degree to which team 

members like each other, identify themselves positively with 

the team and want to remain with its members [24]. It reflects 

the degree of attraction among group members. A study of 

cohesiveness is considered essential for understanding group 

dynamics in teams. Two meta-analyses in the psychology 

discipline [25, 26] have reported a positive relationship between 

cohesiveness and performance. According to these studies, 

cohesive teams demonstrate increased collective efficacy and 

greater team success. Furthermore, cohesive team members are 

less anxious, more satisfied, have higher self-esteem, conform 

to group norms, make personal sacrifices for the team, share 

responsibility for team failure and are less likely to indulge in 

social loafing. 

III. RESEARCH METHOD 

A. Goal and Research Questions (RQs) 

The goal of our study was to conduct an exploratory evaluation 

on impacts of personality-based team formation on team 

cohesion and also quality of project output (software). To focus 

the study on one independent variable and prevent the impact 

of more than one independent variables (the so called 

“confounding bias”), we focused on only one dimension of the 

MBTI – the social-interaction dimension (introversion and 

extraversion). Based on the stated goal, we raised the following 

two research questions (RQ):  

 RQ 1 - What are the impacts of personality-based team 

formation on team cohesion?  

 RQ 2 - What are the impacts of personality-based team 

formation on project output (i.e. resulting product quality)? 

B. Research Design 

We designed our research approach by adapting the Goal, 

Question, Metric (GQM) methodology [27]. We replaced the 

questions with RQs, and identified independent and dependent 

variables as the metrics to be used in our research to answer the 

RQs. The design that we developed is shown Table III. 

TABLE III.  GQM DESIGN OF OUR RESEARCH APPROACH 

Goal: To conduct an ‘exploratory’ evaluation on impacts of personality-based team 

formation on team cohesion and project output 

 RQ1: What are the impacts of personality-based team formation on team 

cohesion? 

 Independent var. M1: MBTI social interaction personality type (I/E) 

M2: Students’ grade point average (GPA) 

Dependent var. M3: Team cohesion morale index (TCMI) 

RQ2: What are the impacts of personality-based team formation on project 

output? 

 Independent var. M1: MBTI social interaction personality type (I/E) 

M2: Students’ grade point average (GPA) 

Dependent var. M4: Project grade (as an indicator of project output) 

 

For personality-based team formation, we needed a suitable 

metric for assessing students’ personality types. We instructed 

the students in the beginning of the semester to take MBTI 

using a free online test [14] for identifying their own personality 

types of social interaction dimension (introversion/ 

extraversion). We also gathered students’ latest cumulative 

grade point average (GPA) in their program, and treated the 

GPA as indicators of their technical abilities. We used MBTI 

social interaction personality types and GPAs of students as 

independent variables in our research. 

Metrics for the dependent variables included the ones for 

measuring the team cohesion and the project output. For 

quantitatively measuring team cohesion, we searched in both 

the formal and the grey literature, and selected a rubric set [28] 

developed by an Agile practitioner and coach. This rubric is 

used by Agile practitioners to quantitatively measure team 

morale in Agile teams in the industry. The rubric, which is 

shown in Table IV, has been developed using the rigorous 

foundations from the psychology literature [29], and consists of 

eight questions. The answer of each question is based on a 5-

point Likert scale as follows: {1: Very low, 2: Low, 3: Average, 

4: High, 5: Very high}. To quantitatively calculate the team 

morale of an individual member, the average value of the scores 

on the eight questions is calculated and set as the Team 

Cohesion and Morale Index (TCMI). An example calculation is 

shown in Table IV.  

Note that while Likert scale is originally an ordinal scale, 

analyzing Likert scales as interval values (and calculating 

average based on such data) is possible when the sets of Likert 

items can be combined to form indexes, with the caveat 

(assumption) that "this combination forms an underlying 

characteristic or variable" [30]. Also, we ensured precise 

wordings for the five response levels above to clearly imply “a 

symmetry of response levels about a middle category” [31]. 

Therefore, equal spacing of response levels was clearly 

indicated, and the argument for treating it as interval-scale data 

was supported [31]. 

TABLE IV.  8-QUESTION RUBRIC USED TO MEASURE TEAM COHESION AND 

MORALE (ADOPTED FROM [28])  

# Question Sample values 

1 I am enthusiastic about the work that I do for my team 1: Very low 

2 I find the work I do for my team of meaning and purpose 4: High 

3 I am proud of the work that I do for my team 3: Average 

4 To me, the work that I do for my team is challenging 2: Low 

5 In my team, I feel bursting with energy 5: Very high 

6 In my team, I feel fit and strong 4: High 

7 In my team, I quickly recover from setbacks 3: Average 

8 In my team, I can keep going for a long time 1: Very low 

 Team Cohesion and Morale Index (TCMI)= Avg.=2.8  

 

For quantitatively measuring project output, we used project 

grade as an indicator of resulting project output. We calculated 

project grades based on the grades of deliverables planned and 

submitted by students throughout project life cycle. Students 

delivered project artifacts at five milestones: (0) Vision and 

project plan, (1) Requirements document, (2) Design document, 

(3) Demo of the prototype version of the software, and (4) Final 

software product. Students were asked to submit team cohesion 

(morale) via an online questionnaire in each milestone (0-4). 

Project teams had to explain their team work and the work of 

each student individually in project reports which were then 

used for marking the works of teams and the students. The 

teaching team assessed the students’ works in each delivery, 

and used the following rubric to reduce subjectivity in marking: 

Functional  quality  (%  of test cases passed),  code readability, 
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Fig. 1. Activity diagram showing the planning and execution of the empirical study. 

and extent and quality of documentation. Although the authors 

had intended to use a more detailed rubric for evaluating 

deliveries, they had to simplify the rubric to include several key 

factors above due to shortage of human resources.  

Fig. 1 depicts an activity diagram showing the planning and 

execution stages of our empirical study. For its design and 

execution, we took into consideration the recommendations on 

using students in empirical studies (e.g., [32, 33]) and also 

received ethics approval from Hacettepe University. 

The teaching team consisted of two instructors (the co-authors 

of this paper) plus two teaching assistants (TAs). As shown in 

Fig. 1, in the beginning of the semester, the instructors sorted 

the students by their GPAs and used the MBTI personality data 

to group the students. The approach that we took for grouping 

is explained in the next subsection. 

C. Study Subjects and Team Formation Approach 

The study was conducted in the context of ‘Software 

Engineering Laboratory’ course, which is the practical 

counterpart of the 3rd year ‘Software Engineering’ course, in 

Hacettepe University’s Department of Computer Engineering. 

During the Spring 2016 offering of the course, in which the 

study was conducted, the course had exactly 50 students. 

An important issue was to decide how to group students (i.e. 

form teams). As per the study’s goal (impacts of personality-

based team formation by social-interaction dimension of the 

MBTI), we sorted the students by their GPAs and then grouped 

each three students into one team such that, in a controlled 

manner, a group with the closest GPAs would have all introvert 

members, another group would have all extravert students, and 

another one having a mix of introverts and extraverts. Grouping 

would continue from students with higher GPAs towards those 

with lower GPAs until every student belonged to a group. This 

grouping mechanism would yield a set of groups with similar 

GPAs in which the only differentiating factor would be the 

extraversion and introversion attitudes. 

As shown Fig. 1, we instructed all the students in the 

beginning of the term to take an online MBTI test [14] and send 

their results to the instructors. Once we had the MBTI 

assessment results (types) and the GPAs, we used the grouping 

approach discussed above to form the groups. Fig. 2 shows the 

results of grouping process. We set the group sizes to three 

students, except the very last group (which had five students). 

As a result, 16 groups were formed, shown as #1 … #16 in the 

figure. As per our grouping approach, all three members of 

group #1 were extraverts (labeled as ‘All Ext’ in Fig. 2). All 

three members of group 2 were introverts. Group 3 was a mix 

of extraverts and introverts, etc. 

Based on the MBTI data, at the end, we had three all-introvert 

groups. Nine groups had all extraverts, and four groups were 

mixes of introverts and extraverts. We would have liked to have 

a balanced mix of the three group types, but the MBTI data of 

students did not allow this (i.e., we did not have as many 

introverts as we wanted to put in the groups). 

Fig. 3 shows a dot-plot of the distribution of the GPA values 

of the 50 students in the class. GPA values were out of 4 and 

corresponded to the performance of the students in their 

previous school terms. The values were taken from the student 

records. The mean (average) was 2.55. The minimum and 

maximum were 1.11 and 3.45, respectively. 

 

Fig. 2. GPAs and MBTI social interaction types of the students in 16 groups 

 
Fig. 3. Dot-plot of the GPA values of the 50 students in the class 
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Fig. 4. Team cohesion average values reported by each group member (student) in each milestone 

D. Study Objects and Project Development Context  

The project was to develop an online library management 

software. Students were provided with the high-level 

requirements of the system written in English, and in a UML 

(Unified Modeling Language) use-case diagram. 

Students were asked to use the Open Unified Process 

(OpenUP) development process and its artifacts’ templates 

[34]. As shown in the design of the empirical study (Fig. 1), the 

development project had five milestones and students submitted 

various software artifacts (documentation or code) in each of 

the steps, as per the OpenUP’s specifications. We asked for 

artifacts for the following phases: requirements, architecture, 

implementation, testing, and project management. 

For requirements and design stages, OpenUP requires 

modeling by using UML. To establish consistency in the entire 

class among all student groups, students were asked to use the 

Visual Paradigm UML tool [35]. 

IV. RESULTS 

A. RQ1: Team Formation and Team Cohesion Morale Index 

Our rationale behind RQ1 was to assess the implications and 

outcomes of team dynamics and to assess the impacts of team 

formation (if any) on team cohesion and morale as measured by 

Team Cohesion and Morale Index (TCMI) metric. Fig. 4 shows, 

as an individual-value plot, the team cohesion average values 

reported by each group member (student) in each milestone. 

The bars show the average values of the individual values for 

each milestone, e.g., M0 thru M4. Data for group 13 was not 

available since the group decomposed soon after the term had 

started. Please note that the team who abandoned the class was 

one of the teams with the lowest GPAs, which explains their 

decision to drop the course. Only two TCMI values for M0 for 

this group were reported. This did not lead to a negative effect 

on our case study since our group formation took into account 

academic success, and our design had a preventive nature 

against such occurrences as previously mentioned. Recall from 

Section III.C that groups were sorted by descending order of 

GPAs, e.g., members of group #1 had the highest GPAs and 

those in group #16 had the lowest GPAs. 

For ease of review and analysis, we have also included the 

types of groups (either all extraverts, all introverts, or mixed) in 

Fig. 4 (below the group numbers). As we could observe, 

grouping based on introversion/extraversion ‘alone’ did not 

have any noticeable impact on team cohesion, as groups with 

all extraverts, all introverts, or mixed all reported different 

levels of the TCMI measured, regardless of group formation 

types. One expectation in this context could have been that, in 

groups with homogeneous (compatible) team members (all 

extraverts or all introverts), TCMI measure would be higher 

than in groups with mixes of extraverts and introverts, since 

mixed groups could have higher chances for arguments and 

disagreements, thus leading to lower TCMI measure. 

We found no significant correlation between the social-

interaction dimension (introversion/extraversion) and team 

cohesion (i.e. TCMI values). This observation is similar to the 

findings of the study in [11] in which no significant correlation 

between the extraversion personality factor and team 

satisfaction was found. 

We also investigated whether there was any correlation 

between TCMI values reported by each student and her/his 

GPA (i.e., whether students with higher GPAs felt better team 

cohesions). Fig. 5 shows the scatterplot of these values for all 

students. The Pearson correlation of the two datasets is 0.24 (p-

Value = 0.12) – thus, showing a weak correlation, meaning that 

for a student with higher technical capabilities, it would be 

expected for her/him to have a higher perception of team morale 

and team cohesion feelings; and vice versa. 
 

 
Fig. 5. Scatterplot of TCMI values reported by each student and her/his GPA 

B. RQ2: Team Formation and Project Grade 

As the response to RQ2, we discuss the impacts of team 

formation on project grade as an indicator of resulting project 
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output. Fig. 6 shows the individual-value plots of (a) GPA and 

(b) project grades with respect to team formation, i.e., all 

extraverts (All Ext) – 29 students, all introverts (All Int) – 9 

students, and mixed (Mix Ext-Int) – 12 students. 

As Fig. 6 (a) shows, students in the teams of all-extraverts 

mostly had high GPAs (between 2.3 and 3.45), though a small 

number of such students had GPAs below 1.5. It is also seen 

from the figure that students in the teams of all-introverts had 

GPAs above 2.15. When it comes to students in the mixed 

teams of extraverts and introverts, we see that GPAs were 

distributed between the values of 1.7 and 3.16. In addition, the 

students in all-extraverts-teams had values on the edges of the 

GPA scale while the range for the students in all-introverts-

teams was smaller in variance (between 2.1 and 3.2). 

Fig. 6 (b), on the other hand, represents the individual-value 

plots of project grade for the three team types. For the teams 

having all extraverts, most of the students (75%) received 

grades above 65% and that four out of 29 students failed. The 

teams having all introverts either were very successful (having 

grades above 93%) or performed very poorly (in three out of 

nine groups). The mixed teams, interestingly, were generally 

high-performers (with two exceptions) with their grades 

between 76% and 97%. 

To evaluate the data in Fig. 6 (a) and (b) together, and to better 

understand the relationships between GPAs and project grades 

for different team types, we sketch in Fig. 7 the average values 

of project grades versus the average values of GPAs of the 

teams with respect to the three team types. The figure shows the 

relation between project grades and GPAs of group members 

per team formation type. It can be observed that the groups with 

lower GPAs failed except the mixed ones, i.e., having both 

extraverts and introverts. It seems mixed grouping of 

personality types worked better than discrete grouping of all 

extraverts or all introverts, in terms of achieving higher project 

grades, especially for students with low GPAs. 

We also investigated the relationship between project grades 

and GPAs of the students by their personality type. Fig. 8 shows 

the distributions of data points, with their best-fit-curves, for the 

types of extraverts (Ext) and introverts (Int). Coincidentally, 

best-fit-curves are fully overlapping, denoting that there was no 

statistically-significant difference in project grades between the 

students from the two personality types (extraverts and 

introverts). 
 

 
(a) Plot of GPA values 

 
(b) Plot of project grades 

Fig. 6. Individual-value plots of GPAs and project grades of students by team structure 

 
Fig. 7. Avg. project grade versus avg. GPA of teams by team formation 

 
Fig. 8. Project grade versus GPA, grouped by personality types: E vs. I 
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V. DISCUSSION 

A. Summary of Findings 

RQ1 was intended to investigate the implications and outcomes 

of team formation on team cohesion and morale as measured by 

the Team Cohesion and Morale Index (TCMI) metric. The 

results for RQ1 showed that grouping based on the social-

interaction dimension ‘alone’ (introversion vs. extraversion) 

did not have any noticeable impact on team cohesion, as groups 

with all extraverts, all introverts, or mixed types reported 

different levels of TCMI values, regardless of the group 

formation types. This observation was similar to the findings of 

the study [11] in that no significant correlation between the 

extraversion personality type and team satisfaction was found. 

We also examined if there was any correlation between TCMI 

values reported by each student and her/his GPA (i.e. if the 

students with higher GPAs felt better about team cohesions). 

We noticed a weak correlation between these two variables, 

possibly meaning that the higher the technical capabilities of a 

developer, the stronger his/her feelings of team morale and 

team cohesion would be; and vice versa. 

RQ2 was aimed to understand the impacts of team formation 

on project grades as an indicator of resulting project output. The 

results for RQ2 showed that, for the teams having all extraverts, 

most of the students received grades above 65% and that only 

few students in such groups failed. Students in the all-introvert 

groups were either very successful (with grades above 93%) or 

performed very poorly. The mixed teams, interestingly, were 

generally high-performers. That is, mixed grouping of 

personality types worked better than discrete grouping of all 

extraverts or all introverts, in terms of project grades, especially 

for people with low GPAs (i.e. low technical abilities). 

B. Potential Threats to Validity 

We discuss the limitations and potential threats (construct, 

internal, conclusion, external) [36] to the validity of our study 

and the steps that we took to minimize or mitigate them in the 

following paragraphs.  

Construct validity is concerned with issues that to what extent 

the study truly represented the theory behind it [36]. The 

potential issues in this regard were whether we properly 

conducted personality-based team formation, and actually 

measured team cohesion and project grades. Adapting the GQM 

methodology [27] for our research design and standardizing the 

metrics and the instruments used in this study, we addressed 

those issues and minimized the associated threats. However, 

threats might have remained regarding the variability of MTBI 

test results depending on the mood of the students while 

answering the questions, and the percent rating scheme of the 

questionnaire, e.g., introversion/extraversion scores could be 

close (e.g. 49% vs. 51%) or far apart (e.g. 1% vs. 99%). Also, 

the team formation approach that we used based on the 

students’ GPAs might be considered as another threat, as we put 

the best students together, average students together, and not-

so-good students together. Still, we adopted this grouping 

mechanism because it resulted in a set of groups with similar 

GPAs, which was important to keep the social interaction 

dimension (i.e. extraversion/introversion) the only differentia-

ting factor in our research design. 

Internal validity reflects the extent to which a causal 

conclusion based on a study is warranted [36]. To prevent 

confounding bias, we focused only on the social-interaction 

dimension (introversion/extraversion) of the MBTI model, and 

thus prevented the likely impact of more than one independent 

variables. In terms of selection bias, the subjects of the study 

were composed of 50 undergraduate students who had enrolled 

in the ‘Software Engineering Laboratory’ course. To prevent 

any negative influence, we considered the recommendations on 

using students in empirical studies (e.g., [32, 33]) in the design 

of the study, and had ethics approval from our university. While 

the subjects (i.e. the students) were not yet software engineers, 

they had very similar profiles. To reduce possible variability in 

team activities and project deliverables, the students followed 

the basic life-cycle that we tailored from OpenUP and used its 

artifacts’ templates [34]; and also used a popular UML 

modeling tool [35]. 

Conclusion validity of a study deals with whether correct 

conclusions are reached through rigorous and repeatable 

treatments [36]. To reduce the bias in reaching conclusions for 

each research question, we relied on statistical analysis. Thus, 

interpretation of the findings and implications of our research 

depends on statistical significance and are strictly traceable to 

data. In addition, by careful definition of evaluation process, its 

outputs and their grading rubrics, we enabled valid and 

repeatable investigation of the RQs. 

External validity is concerned with to what extent the results 

of this study can be generalized [36]. The study was done in a 

single university course with only 50 undergraduate students 

formed into 16 groups. It provides a limited voice of evidence 

from a small data set, and therefore generalizing its findings is 

not possible. Though our study added to the body of evidence 

on this area, replications of it in other contexts would be needed 

to increase generalizability of our findings. 

VI. CONCLUSIONS AND FUTURE WORK 

In this study, we investigated the effect of personality-based 

team formation (based on social-interaction dimension of 

MBTI, i.e. introversion/extraversion) on team cohesion and 

project output (i.e. resulting product quality). We conducted an 

exploratory case study during a term-long software engineering 

course containing a project component with 50 students. We 

grouped the students using the Myers–Briggs Type Indicator 

(MBTI) personality assessment model; and collected data to 

explore the team cohesion as measured by team cohesion and 

morale index, and project grade as an indicator of project 

output. Our results showed that there was no relation between 

team formation types and team cohesion, and that some 

(although weak) relationship existed between the formation 

schemes and group performance and resulting project output. 

Our study provides a limited voice of evidence from a small 

data set. While our study added to the body of evidence in this 

area, it also highlighted the very complex nature of human 

characteristics and its manifestation in team formation and 

likely results. As researchers, we need to look in further depth 

into team dynamics and human aspects in software teams. We 

could consider other dimensions of personality types (i.e., 

sensing/intuition, thinking/feeling, judging/perceiving) in 

addition to social interaction dimension (i.e. extraversion/ 

introversion), and their influence on team cohesion and 
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resulting project output. The findings from such research, 

including our investigation, might provide insights for 

practitioners who want to build teams to evaluate and increase 

the efficiency of their software teams. 

Our future work directions include: (1) investigating to see 

whether Agile teams have a higher team morale than other 

teams (e.g., working in Waterfall); (2) investigating the effects 

of other MBTI dimensions on team cohesion and project output; 

(3) investigating the effects of uniform teams (all extraverts or 

all introverts) on development activities and if the performance 

differs in various SDLC phases: Analysis, design, 

implementation, and testing; and, (4) investigating to see 

whether more homogeneous teams (in terms of personality) are 

more suitable for software development compared to less 

homogeneous teams. 
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