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A B S T R A C T

This research paper answers the question that how shall the students of software engineering undergraduate
courses form teams for the capstone projects that can be cohesive too. In this research, 128 criteria for team
formation are proposed for building teams for self-managing software engineering capstone projects. A com-
parison is also conducted to ascertain the level of cohesion among those teams that were formed using the
proposed criteria and those that were not formed using the proposed criteria. The criteria were identified through
a combination of qualitative questionnaire survey targeted at the graduated students of the past batches of
Computer Science degree program and through synthesizing the literature on engineering capstone project teams
identified under the guidance of KSAO framework for software engineering students. To check the effectiveness of
the criteria, 100 students were asked to form the teams using the proposed criteria and other 100 students formed
the teams without the proposed criteria. Those students that had used the proposed criteria for building teams and
those that had formed teams without using the proposed criteria were asked to fill the modified Group Envi-
ronment Questionnaire to ascertain the level of cohesion among the team members. The results were analyzed
qualitatively and through descriptive quantification. The results show that the level of cohesion in teams that
were formed using the proposed team building criteria was higher. There was a need for team building criteria in
the literature on software engineering capstone project teams that conforms to a conceptual, theoretical frame-
work; this gap is now filled through this research. This paper may also serve as a literature review paper for some
readers.
1. Introduction

As more and more departments that offer an undergraduate degree
program in Computer Science and Software Engineering demands the
students to complete a capstone project as part of the requirement for
getting a degree, researchers should pay attention to the obvious ques-
tion of how should the teams for such projects be formed. The ability to
work effectively in teams is a key competence for information systems
engineers for a long time (Figl, 2010). Whereas the students are required
to build the teams, they are often not given any criteria for doing so
(Connerley et al., 2001). The result is that the students either resort to
forming the teams using the classical method of relational bias (Pinto,
2008) or they form the teams with the assistance of a professor (Layton
et al., 2010). The literature has shown that the teams that are formed
using either of the two techniques don't display high level of cohesion
(Imel et al., 1996).

Naturally if a professor expects the students to build a self-managing
team that will work on the capstone project independently, they must
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also be given certain guidance for doing so. Review of literature on
engineering capstone project teams and the team of software engi-
neering students show that no established team building criteria for
such purpose exists in the literature (da Silva et al., 2013). However, 19
research articles (appendix A) were found that proposes the criteria for
building teams of professional software engineers that would be
working in an organizational environment. None of these 19 researches
were conducted with the students, and none of these researches pro-
posed team building criteria specifically for the students. Moreover
none of the 19 researches conducted for teambuilding criterions for
software engineering teams, were guided by any competent framework
of knowledge, skills, abilities and other factors (da Silva et al., 2013).
The criteria that we mentioned in these articles were as follows:
Technical proficiency and skills was the most established criteria for
selection, prevalent in 18 out of the 19 researches. One theoretical
research and up to six empirical researches had reported behavior as
the second most prevalent criteria. The other criteria found in these 19
research papers were: Task Preference, Personality, Peer Indication and
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Availability. No organizational related criteria were found in these
researches.

In a separate paper, Shaikh et al. (2018a,b) proposed a Knowledge,
Skills, Abilities and Others framework so as to guide this current
research. This was necessary because as da Silva et al. (2013) had re-
ported, normally selection criteria in the literature was not guided by any
framework; thus the direction of search for criteria were abrupt and
unguided. Precisely, the goal of this reported research, firstly was to
identify the criteria that students may use to select students of software
engineering capstone course when building a software project
self-managing team in an educational degree program. This research is a
paper reported from the author's doctoral dissertation that has also
investigated the relationship of the level of formalization in the use of
cohesion and selection criteria. Self-managing teams work without much
supervision and normally through socially shared regulation of learning
strategy. Whereas the past researchers were doing much research in
instructor led team formation, this research is dedicated to how can
students select by themselves their team members in order to form a
cohesive team.

The organization of this paper is as follows. Methodology to conduct
this research is presented in the upcoming section 2. In section 3, the
team building criteria identified are formally presented to the reader. The
subsections of section 3, presents the team building criteria found for
each theme and subtheme of Knowledge, Skills, Abilities and Others
framework briefly introduced in the methodology section and in detail in
Shaikh et al. (2018a,b). Section 4 presents the results of the Group
Environment Questionnaire dispensed to the students that had not
formed their teams under the guidance of the selection criteria presented
in this research and to those that did formed their teams through the
selection criteria presented in this research. Section 5 presents a discus-
sion on the results. And finally section 6 concludes this paper.

2. Methodology

To identify the criteria for forming the teams, the input is taken from
student interviews and the literature review. The review of literature
itself was guided by the Knowledge, Skills, Abilities and Others (KSAO)
framework proposed in Shaikh et al. (2018a,b). The framework consist of
nine subthemes categorized under two major themes. These themes are:
Teamwork or Soft Skills and Taskwork or Technical Skills. Teamwork or
soft skills theme consist of those themes that are a combination of rela-
tional skills, societal skills, communication skills, personality traits, at-
titudes, and communication style among others. Teamwork attributes are
a necessity for effective team performance. Task work attributes affects
the functional operations performed by teammembers and directly affect
the completion of tasks. These attributes are related to the technical
needs of a job irrespective of which organization it is carried out in and
whether done as alone or as a group. The task work or technical skills
theme consists of core expertise required to perform technical operations
such as project management, software processes and design processes
etc.

Students from past batches of undergraduate degree in software en-
gineering were asked to respond to a questionnaire specifically designed
for this research. This questionnaire is developed using the self-reporting
method. The questionnaire asked the passed out students to report which
criterions they had used explicitly or implicitly for making teams or
which criteria they thought they should have used for forming the team.
Moreover, a review of literature on self-managing teams, software en-
gineering teams, capstone teams, and students was conducted. The re-
sponses of the students on the questionnaire were substantiated by the
data obtained from review of literature. A Psychographic self-evaluation
questionnaire is designed to assist the students in using the proposed
criteria (Shaikh et al., 2020). The questionnaire can be viewed at the
following URL: www.drmkhalidshaikh.com/pseq.pdf.

To test the usefulness of the proposed team building criteria, a sample
size of 200 students were included in the research. Out of this sample,
2

100 students were those that had already graduated in the past and had
done a capstone project in which they didn't used the proposed criteria
for forming their teams. These students were asked to fill a modified form
of Group Environment Questionnaire (GEQ) to assess the level of cohe-
sion among their team members. The Group Environment Questionnaire
is an established tool for assessing cohesion in team members (proposed
by Carron et al., 1985) Carron and has already been used after modifi-
cations several times (for example, Wong, 2015) for the research such as
the current one. In this research, only the wording of the questions were
changed so as to align with the context of this research; thus the validity
and reliability of the modified GEQ is the same as that of the original
GEQ.

The second group of 100 students were those that were asked to form
the teams using the proposed criteria that were presented to them as a
self-administered questionnaire; software named Psychographd (Shaikh
et al., 2018a) was developed that had assisted the students in recording
the responses of each student on all the questions of the questionnaire;
the software has automated the process of proposing possible teams
through matching the responses of the students, thus freeing the students
from having to remember their own responses and comparing the re-
sponses of others on the all items of the questionnaire. The details of the
software are available in Shaikh (2018). It was mandatory to answer all
the questions developed around all proposed team building criteria. Once
these students organized themselves into one of the several teams pro-
posed by the software, they worked on their capstone projects within
these teams for the next 10 months before they were approached again
and they too were asked to fill the modified GEQ. The data thus obtained
through GEQ is analyzed and interpreted. The data presented here is also
available in Shaikh (2018).

2.1. Role of Psychographd in team building

As mentioned above, software named Psychographd is developed for
recording the responses of the students on the psychographic self-
evaluation questionnaire. The software is indigenous in the sense that
it not only records the responses of the students, it also matches the re-
sponses of the students to each other. The students that have highest
number of near similar responses are placed in a team. Those students
that do not have similar responses are not made part of the same team.
This method is not supervised by any instructor because the students of a
class can reply to the questionnaire at home and online as individuals.
The chances of introduction of students’ biases into their responses are
low, because a psychographic questionnaire is normally very large and
deep as is the case with the psychographic self-evaluation questionnaire,
therefore it is not possible to ensure that two students give the similar
responses.

3. Team building criteria for self-managing software engineering
capstone project teams

Rousseau et al. noted that in an organizational environment, team-
members’ comportments may be divided into “task work behaviors and
teamwork behaviors” (McIntyre et al., 1995; Morgan et al., 1986). Task
work behavior involves the functional operations performed by team
members (Morgan et al., 1993) and they directly affect the completion of
tasks; they are related to the technical needs of a job irrespective of which
organization it is carried out in and whether done as alone or as a group.
Task work behaviors ensures the performance of tasks. On the other
hand, teamwork behavior is in-built in teamwork (McIntyre et al., 1995).
Rousseau et al. noted that teamwork behavior represents everything from
the manifests, clear instructions, to conflict management skills etc.
Teamwork behaviors are a necessity for effective team performance
(Taggar et al., 2001). Several researchers have proposed a number of
frameworks to provide a grouping of taskwork and teamwork behaviors
(e.g., Hoegl et al., 2001; Cannon-Bowers et al., 1995; Marks et al., 2001)
which aim to describe the miscellaneous processes or dimensions of
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taskwork and teamwork behaviors. However, no KSAO frameworks
existed specifically for engineering and technology student teams.

Shaikh et al. (2018a,b) bridged this gap and proposed a framework
that consisted of two major categories and 9 sub-categories of knowl-
edge, skills, abilities and other factors. The categories were: teamwork or
soft skills and taskwork or technical skills. The subcategories in Team-
work or soft skills were: interpersonal/social skills, conflict management
skills, collaborative problem solving skills, individual self-management
skills, and personality and in Taskwork or technical skills: software
project management skills, taskwork skills, software development pro-
cess skills, and work analysis and reflection skills. The criteria proposed
in this research are organized under these categories and sub-categories.

Under the guidance of the KSAO framework mentioned above
(Shaikh et al., 2018a,b), using a combination of qualitative survey of the
past students of undergraduate degree program in Computer Science
(that had studied at the Department of Computer Science of Federal Urdu
University, NED University of Engineering and Technology and Univer-
sity of Karachi), and the synthesis of the literature on engineering as well
as the software engineering capstone project teams, 128 team building
criteria are identified (see Table 1). Since, the criteria itself may lead to
unintended interpretation of them, therefore, they were contextualize in
the student team scenario by forming questions around them, giving rise
to a questionnaire, that is now known as Psychographic self-evaluation
questionnaire (Shaikh et al., 2020).

3.1. Teamwork skills

In the following section, the identified criteria for building cohesive
teams of capstone software engineering projects are discussed.

3.1.1. Interpersonal/social skills
From the literature and from the interaction with the students, it is

found that the students like to work with those colleagues that are
already trained in cultural conditioning” (Larsson et al., 2003; Lewis,
2000). What it means is that, the students seek colleagues that are not
affected by the cultures and traditions that their colleagues follow. A
cohesive team can only be formed if the students are tolerant towards
each other's culture and traditions. Similarly, the students were seeking
dependable colleagues when forming the teams. It is one of the criterions
that Hansen thought should be utilized for team building (Hansen et al.,
2011). Dependability is one of the traits mentioned in Bartram's Great
Eight competencies which describes a person's 'supporting and cooper-
ating competency' and ‘organizing and executing’ traits much needed by
self-managing teams (Bartram, 2005). Another characteristic that the
student were seeking in their colleagues was empathy (Larson et al.,
2003). Teams cannot survive if they are devoid of such people that like to
motivate others. It is considered an important factor for self-managing
teams. Several students reported that they would like to indulge those
students in teamwork that motivate and encourage others to have their
opinion too. This characteristic is found important in performance
management as well (Reilly et al., 2009). This ability to motivate others
is in fact a litmus test for their not being diligent isolates or social loafers.
Studies on the soft skills required by computer science graduates has
revealed that the desired skills in students also include constructive
criticism, problem solving skills, listening skills, team work, adaptability
to new technology, transferring knowledge to application, time man-
agement, visualization and conceptualization skills and verbal commu-
nication (Hathaway, 1999). Other desired skills that the literature
presents, include the ability to multitask, dealing with business culture,
inter-team communication, interpersonal skills, organization skills, stress
management and general writing skills. The literature also emphasizes
the ability of the computer science students to have technical writing
skills, ability to lead, and ability to deal with diverse cultures and pre-
sentation skills (Sukhoo et al., 2005; Behfar et al., 2008; Motschnig-Pitrik
et al., 2007). Students and teachers also liked to work with those students
that may present the original ideas. Being original is an important skill
3

required by the students. Some research has indicated that
gender-homogeneous groups produce more original solutions to prob-
lems than gender-heterogeneous groups do (Kent and McGrath, 1969;
Randall et al., 2011; Wax, 2015). A similar characteristic found impor-
tant is the peer indication. Peer Indication is about being indicated or
referred to as an individual by a trustworthy source, such as a reference
provided by a line manager or groupmember (or a teacher) to others they
trusts (da Silva et al., 2013); such students are normally absorbed into the
group rather quickly. Every student interviewed for this research also
emphasized the need of a colleague to be trustworthy to be included in
the team. Trust is the vital connection between team leader and the team
members (Freire, 1990; Evans, 2000). Many team members don't always
make use of opportunity to actively participate in team works or to
practice team leadership because of the lack of trust and past adverse
experiences with teams (Sergiovanni, 2000). Being patient is also
considered a very important characteristic by the students. Team based
working is often very difficult and requires patience, rather than an
explosive personality (Fullan, 1999). Literature reveals that impatience is
attributed to disruption of the team sometimes permanently (Wasonga
et al., 2007). Respecting others and showing humility is also found as a
much desire skill. Humility is recognizing that wisdom, knowledge and
talent does not reside in an individual's mind alone and that the success is
not possible only due to their actions (Murphy et al., 2004). Humility is
an important element of leadership quality because it demonstrates a
leader's ability to encourage others to lead others to the same role that
they possess without considering self-interest (Sergiovanni, 2006). Hu-
mility is also important for self-improvement because as Murphy (2000)
suggests, it enables a leader to acknowledge his weakness; this stimulates
self-disclosure on various issues about team tasks. A teammember who is
unwilling to treat coworkers as respectable colleagues and share
self-assessment with them cannot expect shared confidences in return
(Murphy, 2000, p.120). Great leaders are humble and fearless (Collins,
2001) and respect others (Wasonga and Murphy, 2007). Literature has
shown that students like to have tolerant “more flexible and less stub-
born” (Tasa et al., 2011; Wong, 2015; Mealiea et al., 2005) students
among their group. Students that were more quickly and readily avail-
able for work were considered as much desired; this is why their
preferred workplace was considered as a deciding factor. Students were
of the view that those individuals that like to work in a group were more
desired. Students that had high absenteeism record are mostly rejected
by other students (Connerly et al., 2001). Preference of workplace as
university versus home describes whether the student have the inclina-
tion towards social loafing. Some students were also of the view that they
like to have colleagues that have willingness to work on weekends.
Strong group social life is also a desired skill; this is a result of good
informal relations occurring within a group environment and is identi-
fied by a comfortable and relaxed atmosphere. Cohesion stemming from
interpersonal interactions are required and preserved because members
feel comfortable with each other (Mealiea et al., 2005). Carron and Spink
(1995) who had devised a model for team cohesion has placed much
emphasis on social integration of team. Both Connerly et al. (2001) and
Wilkins et al. (2000) noted that where a student lives also greatly affects
cohesion in the team, thus signifying the importance of residence. It is
noted that the distance between the residences of the teammembers from
each other and from the university also decides the absenteeism rate in
them. Students would decline the group work offers past the university
hours or on weekends citing the distance of their residence from others as
the reason. In the same vain, the indulgence in group extracurricular
activities (Connerly et al., 2001; Wilkins et al., 2000) is also a deciding
factor for group membership offer. Similarly, students that have good
skills of intercultural interaction are considered an asset (Chang, 2014;
Behfar et al., 2008). Team of capstone projects are self-managing in na-
ture. The teams are not governed by any fixed structure. Therefore the
students that are in favor of flexible/structural support (Mealiea et al.,
2005) of teams are much desired by the group members. A reason why a
capstone project team fails is because of the team formation based on



Table 1. Team building criteria for self-managing se student teams.

TEAM WORK SKILLS TASK WORK SKILLS

Interpersonal social skills Conflict management
skills

Collaborative problem
solving skills

Individual Self-
management skills

Personality Project management
skills

Task work expertise Software Development
Processes Skills

Work analysis &
reflection

Cultural conditioning Handles conflicts
appropriately

Ability to focus on key
issues

Effective writer MBTI personality
type

Project importance Task interdependence Team processes Managing risk

Dependable Intellectual Collaboration Effective organizer True Colors Team charter Technical competence Software processes Breadth of
perspective

Diligent Curious Collective efficacy Exhibit self-discipline Communication style Time management Applied research
experience

Knowle. of effective
programming method

Attention to detail

Empathetic Mediator Communicates effectively Accepts criticism Driven Planner/scheduler Productivity Mobile commerce Creative

Motivates others Negotiating skills Communicates honestly Action oriented Mentors others Meet deadlines Multitasking Knowledge management Critical thinking

Offers constructive
criticism

Resourcefulness Communicates openly Goal oriented/tenacious Sense of humor Tolerance for uncertainty Past team experience Being familiar with
Android systems

Vision

Original Ability to brainstorm Coordination Self-confident Psychological safety Attitude toward early
versus last minute

Creating clear work
procedures

Cloud computing
familiarity

Reflection

Participates actively Problem solving skills Self-esteem Resilience Availability to work late
nights with group

Information sharing Capable of design
thinking

Mission analysis

Patient Analytical Self-organizing Attitude toward hard
work

Knowledge of PM
standards

Strategy formulation Capable of using software
development tools

Situational
awareness

Peer indication Decision Maker Responsible for your
actions

Project manag. skills Grade point average iOS system knowledge Commercial value

Trustworthy Decisive Willing to learn Availability Major area of interest JAVA programming
language

Tolerant Display commonsense Willing to take
responsibility of team

Documentation skills Importance placed on
grades

Respect others Sportsmanship Self-criticism Dialogue Grades in previous
similar projects

Preferred workplace Team player Self-expectation Experience conducting
library research

Work weekends Desire to voice opinion in
group

Self–goal setting Need for defined goals in
group

Social life Has logical thinking Self-observation/
evaluation

Learning disability

Residence Self-reinforcement Verbal communication

Extracurricular activities Ability to be self-
motivated

Technological
communication

Relation bias Ability to work under
pressure

Ability to identify
inconsistency and
incompleteness of the
current situation

Intercultural interaction Carrying own workload Place of living

Flexible Emotional Stability
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relation bias. Relation bias is a measure of an individual's tendency to
select only those individuals into the teamwho he or she know personally
and probably not professionally (Pinto, 2008). Students regard their
friends as technically sound without having assessed them for it, thus
they offer them team membership. Those students that participates
actively and believe in shared leadership weremuch desired in the teams.
Active participation occurs when roles such as collaborator, contributor,
facilitator, and challenger are carried out by the teammembers instead of
only the team leader. The idea is that for involving everyone in the team,
leadership role should not always be carried out by the same individual
(Mealiea et al., 2005).

Another important skill sought in team members is their diligence;
importance of it can be established from the contrary fact that teams does
not want to involve the diligent isolates. These diligent isolates are much
like what Pfaff and Huddleston (2003) recognized as ‘leader’ that likes to
work independently, thus discouraging others participation. They are
akin to a concept by Smarkusky et al. (2005) i.e. ‘poor drivers’ and
Feldman Barr et al. (2005)'s lone wolf, who impacts negatively on the
team performance (Feldman Barr et al., 2005). A diligent isolate willingly
works alone, to complete his own tasks as well as that of other members.
He does not know how to distribute the tasks and have poor social skills
thus denying teammates the opportunity to learn technical skills (Vreda
Pieterse et al., 2010).

3.1.2. Conflict management skills
A characteristics that is naturally desired by the students in their

colleagues is their ability of conflict management (Bridget et al., 2015;
Stevens and Campions, 1994). This skill implies that individuals have a
developed skill to manage full range of conflicts through launching
appropriate internal control mechanism and interpersonal sensitivities
(Mealiea et al., 2005; Stevens and Campions, 1994; Van Meer et al.,
1989). An interesting observation that the students that sounded intel-
lectual in nature were found more desirable as well. Students found such
individuals attractive because of their ability to present their ideas in
depth. Curious students were also found as much in demand. Big Five
personality types too identified a characteristic of effective teammember
as 'open to experience' and explained this as being curious, original and
broad minded (Annelies et al., 2001). Another desired characteristic of a
teammember, is their being able to play the role of Mediator (Hogan and
Thomas, 2005; Behfar et al., 2008; Sargent et al., 2001). Literature has
shown that among the most successful student project, the projects that
maintained the highest standard of process and product quality
throughout, was the one project that followed a mediator style for global
communication with only a single point of contact on each team (Gotel
et al., 2006). Other important skills found in this category includes
meetings skills, negotiation skills, networking skills, market knowledge,
management skills, the use of information technologies (Pereira, 2013)
and the ability to Brainstorm (Futrell et al., 2002).

3.1.3. Collaborative problem solving skills
For collaboration, Ortega et al. (2010) had noted that focusing on key

issues is an important ability desired on student teams. Other important
characteristic in this category is Collaboration. It is about abandoning self
“to the strengths of others, admitting that we cannot know nor do
everything” (DePree, 2004) and it is the “willingness to grant authority to
peers, courage to accept the authority granted to oneself by peers and
skill in the craft of interdependence” (Bruffee, 1993). Collaboration re-
quires that student team members interact with each other respectfully,
have open communication, jointly consider issues or problems, share
decision making and involve in joint ownership (Lunenburg and Orn-
stein, 2004). Collaboration is affected by communication and commu-
nication is enhanced by understanding and listening to each other,
understanding the verbal and non-verbal cues. A connected concept to
collaboration is collective efficacy. This is about the team's shared belief
that they can do better when they work together (Edmondson, 1999;
Mathieu et al., 2008) Yet another connected and important characteristic
5

is effective communication. It is the transmission of common under-
standing both in written and oral form and it is vital for effective per-
formance. This skill is critical for success and is crucial for mangers who
wants to achieve results through the effort of others (Qureshi et al.,
2013). Effective communication criterion is found important from small
teams to the most senior ones including the CEOs (Reilly et al., 2009;
Wilkins et al., 2000; Kushal and Ahuja, 2009). Another facet of effective
communication is honest communication; this too is an important char-
acteristic (Wilkins et al., 2000) for team cohesion. Steven and Campion
(1994) notes that if teams consist of members that hide crucial project
details from each other, than there shall be a gap in situation awareness
of each member and thus the likelihood of project failing shall increase.
The effective teams are known for having communication style which is
relaxed, informal, without any obvious tension and is comfortable and
honest (Argyris, 1966; Likert, 1961). For good collaboration, coordina-
tion in teams (such as student teams) is also much desired. It involves the
use of policies and conducts that results in assimilating the actions,
knowledge and aims of various team members so that they may attain a
common goal (Arrow et al., 2000; Brannick and Wilkins, 1997).
Communication and coordination is better in small teams because of less
divergent viewpoints (Demirors et al., 1997; Dangle et al., 2005).
Teamwork and problem solving skills are also much desired as employ-
ability skills (DEST, 2002; Esposto et al., 2011). Research has shown that
graduates from ICT background are found to perform highly in under-
standing of business practice, time management and academic under-
standing. However they were found weak at the solving problems,
gaining from training, business communication skills (both written and
oral), leadership qualities, initiative, numeracy and personal presenta-
tion. A related skill to problem solving is being analytical in nature; this is
a much desired skill as well (Parkinson, 2008). Analytical skill is related
to decision making based on the assembling and analyzing facts. This
skill is much desired when a project is running short of time (Callaghan,
2013; Kathleen, 2009; Sukhoo, 2009). Analytical skill is viewed as much
desired graduate student skills (McCorkle et al., 1999). Another impor-
tant skill required is Decision Making Skills/being Decisive. This skill is
related to ones' ability to firmly choose an option and motivating others
too to reach a decision. Decision making skill of teams is influenced by
the analytical skills of their individual team members (Qureshi et al.,
2013). Industry also emphasizes that undergraduate students should
develop various skills and personal characteristics such as leader-
ship/interpersonal skills and oral communication, written communica-
tion and initiation and decision-making skills (Porter and McKibbin,
1988). Another desired characteristic for collaboration among team
members is their being team player and have teamwork skills (Parcon,
2007). Elsewhere, common sense is also noted be one of the desirable
skills in student teams (Wilkins and Lawhead, 2001). For the sake of
effective collaboration, sportsmanship is also a much desire character-
istic. Sportsmanship is about the readiness of the teammembers to ignore
less than ideal circumstances without complaining. Organ and others also
included this factor into their Organizational Citizenship Behavior model
(OCB) which includes three categories, which are: helping behavior, civic
virtue, and sportsmanship. Arora et al. (2002) noted logical thinking as a
desired skill. Voicing Opinion is prescribed as a required skill too in
teams (Janis, 1972).

3.1.4. Individual self-management skills
Willingness to learn skills is related to ones' ability to improve his

technical and personal skills so as to contribute in improving and
expanding the team's and project's operations and outcomes (Kechagias,
2011). A student should also be an effective writer and effective orga-
nizer to be desirable for others. Students were of the opinion that
knowing how to communicate ideas and project, in written is a necessary
skill much like organizing meetings with the stakeholders. To be able to
organize meetings with stakeholders including the industry representa-
tive is an assumed big task for which a dependable person is required in
teams (Wilkins et al., 2000). Being tenacious means being persistent.
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Tenacity is necessary for successfully completing the projects (Penttil€a,
2014). Emotional stability is also considered as a much desired skill for
individual self-management. Work teams with higher mean levels of
emotional stability have greater task cohesion (Annelies et al., 2001;
Heslegrave and Colvin, 1996). Jacobs et al. notes that emotionally stable
people are more task-oriented, and self-confident (Jacobs et al., 1998). It
is also evident from the literature that self-esteem is linked with efficient
pair based working as programmer, personality type, and skill level.
Students work best when they are paired with students of similar levels of
self-esteem (Katira et al., 2004; Smith et al., 1997). Self-esteem of team
members can provide individuals with a sense of worth and a sense of
accomplishment (Scarnati, 2001). Productive self-organizing students
manage their own workload and shift work among themselves based on
the need and best fit only; they also actively participate in team decision
making (Hoda et al., 2013). Another desirable skill is Self-criticism. The
process of self-criticism ensures good performance (Cohen et al., 1996) as
it encourages self-evaluation; by engaging in self-criticism, self-managed
work team members are evaluating their competence in relation to their
previous level of competence (Steele-Johnson et al., 2000). Whereas
Shinobu et al., 1997 notes is the inclination towards negative
self-relevant information and is seen as self-depreciation or
self-effacement, however, sensitivity to negative self-relevant informa-
tion is not always an indication of low self-esteem or something to be
avoided or overcome instead it has positive social and psychological
consequences. Information about self should be used for
self-improvement so as to meet the standards of excellence and to
improve or perfect one's actions thus affirming one's belongingness to a
group (Azuma, 1994; Kitayama and Karasawa, 1995; White and LeVine,
1986). A relevant skill is to be self-observant or self-evaluator as it assists
in the process of performance evaluation. Individual with this charac-
teristics monitor their own work in group, and are cognizant of their own
performance levels. This self-observation and evaluation leads to new
skill acquisition and development of expertise (Mealiea et al., 2005).
Self-observation or evaluation is useful for determining our skill level in
comparison to a coworker or a referent other (Carson et al., 2004).
Self-goal setting is about setting of goals for performance for oneself. This
behavior ensures that the group and its individuals set realistic and
challenging goals. For the goal setting process an individual should be
aware of his ability to achieve the goals that he is setting. The self-setting
of goals is indirectly related to self-expectation (Locke and Latham,
1990). Other skills found important in this category include
Self-reinforcement (which is that one recognizes and reinforces good
performance from time to time) (Jacobs et al., 1998), Self-expectation
(Carson et al., 2004) and rehearsal (Bandura, 1977). has shown that if
individuals exercise or rehearse undertakings routinely before they are to
perform them, their performance shall be better at the time when task
shall be actually performed. This process of self-expecting is close to
self-goal setting. Rehearsal is a simulation of how the self-expectation
shall be achieved even before performing to achieve the
self-expectations. Rehearsal is the process of cognition and thinking
through so as to practice an act before actual performance (Cohen, 1994).
Another skill in the aligned with others in this category is self-disciplined
(Matthew et al., 2009), ability to accept criticism, being action-oriented
(Futrel et al., 2002; Mursu, 2002), responsible for own actions,
self-motivated (Jaramillo et al., 2014; Connerly et al., 2001), work under
pressure, willingness to take team's responsibility, and having
self-confidence (Wilkins et al., 2000).

3.1.5. Personality
Since personality type has significant effects on the team formation

and cohesion, therefore identifying the MBTI personality type is an
important requirement. It is one of most widely used personality type
identifier used in computer science student teams (Hannay et al., 2010;
Capretz et al., 2015; Jacobs et al., 1998; da Silva and C�esar, 2009; Parente
et al., 2011; Goldberg et al., 2013; Wilde, 1997; Buffinton et al., 2002; da
Silva et al., 2013; Feldt et al., 2010; Shujuan et al., 2010; Buffinton et al.,
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2002; Scott et al., 1995; Hansen et al., 2011; Berry et al., 2011). True-
Color too is referred to in the student team building, for example in
Hansen et al. (2011). It has the capability to predict the learning styles
using the colors. Similarly, communication style is also discussed in the
context of software engineering student teams (Sims-Knight et al., 2002;
McChesney et al., 2004). Students also seek the colleagues that are driven
and are prepared for Independence. Such people are those that probably
have all the requisite skills necessary to perform required tasks inde-
pendently. They achieve this either through coaching, formal training,
and/or self-development training (Mealiea et al., 2005). Students were of
the opinion that those coworkers that are not ready to share their ex-
periences with other team members and mentor others are not sought in
the later teams. Thus “mentoring will and capability” is found much
desired by the students. Psychological safety: It is defined as “a shared
belief among team members that the team is safe for interpersonal risk
taking.” This factor is emphasized a lot in the team formation literature
(Edmondson, 1999; West, 1987/1990; Nembhard and Edmondson,
2012). Another skill required on a self-managing team is Resilience
(Wasongaand Murphy, 2007). Henderson and Milstein (2003) defined
resiliency as “the capacity to spring back, rebound successfully and adapt
in the face of adversity.” Elsewhere the same term is defined as mecha-
nisms that “ameliorate or buffer” a resilient person's response to a
problematic situation that can lead to maladaptive outcome in ordinary
circumstances (Taylor and Thomas, 2001). According to Henry and
Milstein (2006), resilient leaders are “like rubber bands; they bounce
back from adversities stronger and faster, learn from experiences, gain
more self-confidence in the process, and develop new skills”. Attitude
towards hard work: Some students don't start to really get into work until
it's the last minute. Teams with such students that don't like to work hard
throughout the term and spring into action only at the last moment are
often ignored by students with efficient team members. Therefore it can
be assumed that attitude towards hard work is a much desired charac-
teristic in student teams. Sense of humor is also a desired skill on a
self-managing team.Wax (2015) in her research noted that another much
appreciated skill in students is the sense of humor.

3.2. Taskwork skills

In the following section, the identified taskwork skills/criteria for
building cohesive teams of capstone software engineering projects are
discussed.

3.2.1. Project management skills
Fair idea of the Project Importance is considered a strong skill for

inclusion on a self-managing capstone team. da Silva et al. (2013) notes
that project importance is about the competitive, strategic, or business
significance of a project has to the team or firm engineering it. Assessing
the importance of project is an important skill. Skill to get engaged in
dialogue (da Silva et al., 2013) is an important skill for team formation.
Students may or may not have a skill to engage in meaningful dialogue
with others. By engaging in dialogue, a student try and understand others
and himself too. Students learn when individual contributions lead to
greater understanding of the problem and how to resolve it (da Silva
et al., 2013). Hunsaker et al. (2011) noted that Ability to develop team
charters is also an important skill, as these charters are an effective
intervention in building effective process norms within student teams
that, ultimately, improve member satisfaction and performance. Team
charters are a tool believed to be important to the development of
effective project management quality and, in turn, member satisfaction
and performance (da Silva et al., 2013). Elsewhere in the literature
Hagan identified that “employers want/need graduate students with
skills in verbal and technological communication, problem-solving,
critical-thinking, teamwork, conflict negotiation, managerial skills, and
time management” (Wilkins et al., 2000). It is pertinent to note that even
though the capstone project focuses on producing quality software a
student's performance may not be based totally on successful



Table 2. Modified group environment questionnaire.

1 I don't enjoy being a part of the social activities of this team.

2 I am not happy with the amount of time I got for working on the project itself.

3 I am not going to miss the members of this team when the project ends.

4 I am unhappy with my team's desire to finish the project.

5 Some of my best friends are on this team.

6 This team does not give me enough opportunities to improve my personal
performance.

7 I enjoy other parties rather than team parties.

8 I do not like the style of work on this team.

9 For me this team is one of the most important social groups to which I belong.

10 Our team is united in trying to reach its goal for performance.

11 Members of our teamwould rather go out on their own than get together as a team.

12 We all take responsibility for any loss or poor performance of our team.

13 Our team rarely party together.

14 Our team members have conflicting aspirations for team's performance.

15 Our team would like to spend time together in the off season.

16 If members of our team have problems in practice everyone wants to help them so
we can get back together again.

17 Members of our team do not stick together outside of project.

18 Our team members do not communicate freely about each member's
responsibilities during the project.
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implementation but on his cohesion in the team. Importance is also
placed on the students' ability to interact with the client, the ability to
present and demonstrate their work, produce appropriate documenta-
tion, ability to work in a team, communicate effectively, and produce
substantial documentation at both a user and technical level, skills in
meeting management, teamwork, time management and evaluating
work products (Wilkins et al., 2000). Further to this, Hagan identified
that employers want/need graduate students with skills in verbal and
technological communication, problem-solving, critical-thinking, team-
work, conflict negotiation, managerial skills, and time management.
Students must also have developed skills in meeting management (such
as communication and record keeping), teamwork, time management
and evaluating (testing) work products produced at all phases of the
software development lifecycle. Planning/scheduling skills and docu-
mentation skills too are desired skills (Hansen, 1999). Documentation
skill is a highly desired skill because it stimulates and amplifies processes
of learning. Knowledge identification and documentation are the first
steps in project knowledge review (Gasik, 2011). Documentation is a side
effect of the software development effort (Umphress et al., 2002). Some
other characteristics in this category proposed by the students were
meeting deadlines (Maule and Mackie, 1990; Umphress et al., 2002),
tolerance for uncertainty, availability to work late nights with the group,
and availability (Wilkins et al., 2000; Connerly et al., 2001). Knowledge
of Project management standards and Project management skills (Shaikh
et al., 2016; Seidel and Godfrey (2005), Avgerou (2008), Reif and Mitri
(2005)) is also found to be an important skill.

3.2.2. Taskwork expertise
Project teams display “task interdependence” when the team mem-

bers recognize that the results of their actions are strongly related to the
results of the actions of the team. Task interdependence is driven by
believe that team's goals and responsibilities are collective responsibility.
Van den Bossche et al. (2006) notes that task interdependence predicts
learning behavior in student project teams; they further explained that
capstone team members learn and perform collectively better if they
manage their conflicts and share information efficiently. Task interde-
pendence can be total, partial or relative in nature (Latting et al., 1991).
Overall technical profile is also found as important for selection into a
team; it is related directly to the practical capacity of an individual in a
particular language, technology, platform, expert knowledge in a module
of a system or business process etc (da Silva et al., 2013; Conrad, 2002;
Coakes et al. (2010); Umphress et al. (2002); Hogan and Thomas (2005,
January); Clark, 2005). Students are also expected to have applied
research and analytical skills (Missingham, 2006; Callaghan, 2013) to be
selected on the team. Other skills proposed by students in this category
include Past Team Experience (Wilkins et al., 2000), Knowledge of clear
work procedure, Strategy formulation (da Silva et al., 2013), Clear goals,
and Verbal and technological communication skills (Hackman, 1987;
Guzzo and Shea, 1992, 1993). Researchers have also indicated that open
and honest communication is common in high performing self-managing
teams (Murnighanand Conlon, 1991; Druskat, 1996; Druskat et al.,
1999). The skills for detecting inconsistency and incompleteness of the
description of the present situation is also important. Only with this skill
students can ask questions to clarify the situation and improve the
description of the information needs. Past meta-analytic studies affirm
information sharing's importance to team performance, cohesion and
member satisfaction (David Constant et al., 1994). Productivity, multi-
tasking (Wilkins et al., 2000; Connerly et al., 2001), GPA, major area of
interest, grades in previous similar projects were the other skills pro-
posed by students in this category. Hagan identified that employers also
want graduate students with skills in verbal and technological commu-
nication, problem-solving, critical-thinking, teamwork, conflict negotia-
tion, managerial skills, and timemanagement, sense of purpose, ability to
clarify mission statement, and ability to outline meaningful performance
goals. All teams need to develop certain work approaches, procedures
and processes to ensure that they accomplish a task efficiently and
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effectively. To further differentiate the qualities of high performance
team as compared with average teams Hagan believes that the following
qualities are also important: a deeper sense of purpose, relatively more
ambitious performance goals, better work approaches and outcomes,
mutual accountability, complementary skills and expertise.

3.2.3. Software development processes skills
The identified skills in this category are team software processes

knowledge (Humphrey (2000a,b); Hilburn, 2000), being able to adopt
the most effective programmingmethod, understands the business model
of mobile commerce, understands knowledge management, being
familiar with android systems, understands the basic technology of cloud
computing service capable of design thinking, capable of using software
development tools, being familiar with ios system, JAVA and other such
programming languages (Chang, 2014).

3.2.4. Work analysis and reflection
The related skills in this category are ability of managing risk (da Silva

et al., 2013), breadth of perspective, attention to detail, creativity (Wil-
kins et al., 2000; Connerly et al., 2001; da Silva et al., 2013), critical
thinking (Wilkins et al., 2000), vision, reflection (Brigit, 2010), mission
analysis (Connerly et al., 2001; Wilkins et al., 2000), situational aware-
ness (Endsley, 2018), and assessment of commercial value (da Silva et al.,
2013).

4. Results

A qualitative and descriptive quantitative analysis of the responses
obtained from the modified Group Environment Questionnaire was done
for the two groups of the students that had used the proposed team
building criteria and those that had not used them. The modified GEQ
consists of 4 categories that are: Attraction towards the Group's Social
Life, Attraction to the Group – Team, Group Integration – Social, Group
Integration – Team. Tables (3 and 4) show the frequency count of the
number of students that had selected an option from 1 to 9 (such 1:
Strongly Disagree, 9: Strongly Disagree). Carron et al. (1985) distributed
the questions of the GEQ (Table 2) into four categories which are
mentioned in the above paragraph; these same categories were adopted
in the modified form of the GEQ used in this research. Questions orga-
nized in each categories are: Individual attraction to the group - social
(ATGS): questions 1, 3, 5, 7, 9, Individual Attraction to the Group - task
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(ATGT): questions 2, 4, 6, 8, Group Integration - Social (GIS): questions
11, 13, 15, 17, and Group Integration - Task (GIT): questions 10, 12, 14,
16, 18.

A qualitative comparison of the data has shown that the level of
cohesion among team members that were formed using the proposed
team building criteria (Table 4) is much higher than the level of cohesion
among teams that were not formed using the proposed criteria (Table 3).
A qualitative comparison of the data given in Tables 3 and 4 has shown
that the level of cohesion in students that had used the proposed criteria
was higher on all four categories (Attraction towards the Group's Social
Life, Attraction to the Group – Team, Group Integration – Social, Group
Integration – Team) when compared with the level of cohesion found in
the students that had not used these criteria.

When the modified GEQ was dispensed to the two group, in contrast
to the other group (that had not formed the teams using the proposed
criteria), response to questions in ATGS category from those students that
were formed into teams through the criteria proposed in this research
(Table 4), reveals that students not only enjoyed social activities
together, had affection for each other, had or made best friends on the
team, liked to go out for parties together and considered the team as the
most important thing to them.

Similarly, in response to the questions under the category of ATGT,
students (that were teamed using the proposed criteria) displayed satis-
faction for the time they spend on their project, displayed tenacity to
complete the project on time, considered the team as important for
improving their personal performances, and were found overall satisfied
with the team's approach of undertaking the project. When the students
Table 3. Modified GEQ dispensed to FYP students without knowledge of proposed te

Modified GEQ Dispensed to FYP Student Teams Formed Without Using the Proposed Team bui

Individual Attraction to Group – Social Individual Attraction to Group – T

Q1 Q3 Q5 Q7 Q9 Q2 Q4 Q6

SD 3 2 10 1 21 1 4 1

QABD 2 3 5 5 29 2 2 2

MD 5 4 0 2 23 2 1 4

LD 1 2 0 1 11 4 4 2

NO 2 2 0 3 0 0 0 0

LA 14 10 15 15 0 10 15 10

MA 17 27 12 5 0 25 20 15

QABA 27 35 20 35 6 37 26 30

SA 29 15 38 33 10 19 28 36

1 ¼ strongly disagree, 2 ¼ quite a bit disagree, 3 ¼ moderately disagree, 4 ¼ a little d
agree, 9 ¼ strongly agree.

Table 4. Modified GEQ dispensed to FYP students with knowledge of proposed team

Modified GEQ Dispensed to FYP Student Teams Formed Using the Proposed Team Building Cri

Individual Attraction to Group – Social Individual Attraction to Group – T

Q1 Q3 Q5 Q7 Q9 Q2 Q4 Q6

SD 27 29 30 43 0 26 44 36

QABD 42 43 29 36 3 47 37 37

MD 16 15 22 10 8 17 12 8

LD 0 8 0 0 0 0 0 2

NO 6 0 0 3 3 7 3 5

LA 1 0 0 2 5 0 0 6

MA 5 3 4 4 10 0 0 4

QABA 1 0 3 1 34 3 1 2

SA 2 2 12 1 37 0 3 0

1 ¼ strongly disagree, 2 ¼ quite a bit disagree, 3 ¼ moderately disagree, 4 ¼ a little d
agree, 9 ¼ strongly agree.
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that had formed the teams using the proposed criteria were asked GIS
category questions, they were of the opinion that they liked to party
together, and enjoy each other's company even during the off-season or
on various other courses. Moreover they were found to be organized in
terms of completing their tasks, had a sense of mutual responsibility,
liked to help each other on individual tasks, and had a very frequent
communication among each other thus signifying that the students that
were formed into teams using the proposed criteria were integrated on
task activities (GIT) as well. Moreover neither there was any break up in
the teams reported, nor any group of students asked for changing their
project proposal. There were no calls made for changing the supervisor as
well. Overall, the effects of the proposed team building criteria were
found to be encouraging when compared to no standard team building
criteria applied for forming software engineering student capstone
project teams.

5. Discussion

Team and taskwork skills are important factors for team performance
in a teamwork environment. Research has shown that team and taskwork
skills dictates the application, development, and the performance of
software engineering projects. Therefore, it is important that the software
engineering graduates should be technically as well as socially compe-
tent. Academic education in computer science and allied fields should
prepare students to work effectively in teams and foster collaborative
skills necessary in the workplace (Figl, 2010).
am building criterions.

lding Criteria

eam Group Integration – Social Group Integration – Team

Q8 Q11 Q13 Q15 Q17 Q10 Q12 Q14 Q16 Q18

0 1 1 31 1 24 37 4 23 1

5 5 0 23 0 37 28 0 27 2

3 2 1 23 1 25 21 3 23 2

1 1 2 11 2 1 0 0 0 4

0 3 2 0 2 2 1 6 3 0

6 8 10 0 10 0 0 9 2 10

22 17 17 0 16 4 5 9 11 25

33 22 34 2 27 2 3 36 2 27

30 41 33 10 41 5 5 33 9 29

isagree, 5 ¼ no opinion, 6 ¼ a little agree, 7 ¼ moderately agree, 8 ¼ quite a bit

building criterions.

teria (using Psychographd)

eam Group Integration – Social Group Integration – Team

Q8 Q11 Q13 Q15 Q17 Q10 Q12 Q14 Q16 Q18

30 35 43 5 32 1 3 41 3 44

43 39 36 0 47 0 0 35 0 30

13 17 10 1 7 3 0 11 0 15

11 1 0 6 0 0 0 2 0 6

0 4 3 0 7 0 4 3 0 1

1 0 2 11 0 0 0 0 2 0

1 0 4 13 0 18 18 1 12 0

0 0 1 41 3 37 28 1 40 4

1 4 1 23 4 41 47 6 43 0

isagree, 5 ¼ no opinion, 6 ¼ a little agree, 7 ¼ moderately agree, 8 ¼ quite a bit
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As evident from the data mentioned in this paper and from several
other researches using the same criteria that the teams getting developed
as a result of the usage of these criteria are more cohesive and more
effective (Shaikh et al., 2018, 2020). They also achieve their goals in a
more swift fashion as compared to the teams develop through other
methods such as teacher assignment or relation bias.

The proposed criteria have implications in multiple areas. Such as in
terms of team selection, training, performance appraisal, career devel-
opment and compensation. In terms of team selection, the team building
criterions can be used in assessing individual students for their appro-
priateness for team. The decision of appropriateness of an individual for a
team is assessed both on teamwork as well as taskwork skills. The criteria
proposed are broad in nature instead of very specific. The proposed team
building criterions can be used for identifying weak teamwork and
taskwork skill areas of individuals before employment.

When it comes to team training, teachers may use these criterions to
identify the areas where improvement and good training is required.
Teachers may also use the same criterions for assessing the abilities of the
students in teamwork and taskwork skills identified in this research.

In terms of performance appraisal, the criterions can be used as per-
formance indicators because they are provided as a set of items on which
the students can be appraised once the project is finish. Teachers too can
be trained to use these criterions for performance appraisal.

As for career development, team and technical skills require a plan-
ned learning both by the teacher as well as the students. Teamwork skills
proposed may develop with proper socialization; whereas teachers have
a responsibility to create the right environment in which students may
learn to socialize and learn the right skills. The teams developed through
the usage of the proposed criteria should be compensated too in terms of
appropriate guidance and encouragement because such teams would not
be made on the basis of relation bias.

6. Conclusion

In this research, 128 team building criteria were proposed for forming
self-managing teams of software engineering capstone project students.
The criteria are first of their kind that are specifically proposed for the
software engineering students under the guidance of a conceptual
framework developed for guiding this research. The criteria were tested
for Computer Engineering students as well in a separate research (Shaikh
et al., 2020). A dataset in under development at the moment that would
link the responses of the students on the Psychographic self-evaluation
questionnaire (Shaikh et al., 2020) and the salary of the first job that
the students had received after graduating from the degree program.

The criteria were identified under the guidance of a Knowledge, Skills,
Abilities and Others framework. Before this research there was no such
framework available for software engineering capstone teams. The frame-
work was published in Shaikh et al. (2018); the framework was developed
from a comprehensive review of literature on engineering education.

Once the framework was formed, another review of literature was
conducted under the guidance of the framework so as to identify those
factors that the capstone student teams use or must use to form a self-
managing team. The review of literature consisted of all those papers
that were written on instructor led team formation, and student led team
formation. Moreover, a questionnaire was used that assisted in gathering
the data from the past capstone students of software engineering, about
how did they formed teams and what factors they were interested in
while forming the teams.

Finally, once these factors were identified, questions were formed
around these factors so as to measure them in a student on a Likert-type
scale. The responses on these questions were meant to self-report own
ability on the factors determined for forming cohesive teams. In order to
make the response to questions easier, software named Psychographd
was also developed. The software is useful not only in recording the re-
sponses of the students on the questionnaire but it is also meant for
grouping the students with similar responses in various groups.
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The teams thus formed through the self-evaluation results on the
proposed team building criteria, were allowed to work over six months.
At the end of this period, a Group Environment Questionnaire was
circulated among the students (a) that had formed the teams using the
proposed team building criteria with the help of Psychographic self-
evaluation questionnaire and Psychographd software and to (b) those
that had not formed the teams using the proposed criteria. The results
have shown that the cohesion among those students that had formed a
team using the team building criteria proposed in this research has
improved greatly as compared to those that had not used these criteria.

Future work of this research includes studying the use of these criteria
in an online collaborative working environment, and use of them in a
software house setting. Since the COVID-19 changed the way we work, it
is utmost necessary to develop strategies for the world working from
their homes. There is a possibility that the students shall be more inter-
ested in working from home for the most part of 2021 and may be later.
In such a situation, the emphases will shift from instructor led learning to
self-regulated learning. Students will then be required to regulate the
way they will progress with their academic journey. The role of teams
would then become very different. The teams would not be then work in
face-to-face environment. This will bring the concept of socially shared
regulation of learning when these students will be working in teams.
Would these criteria still be valid in socially shared regulation of learning
environment? This is a question that needs to be answered.

Declarations

Author contribution statement

M. K. Shaikh: Conceived and designed the experiments; Performed
the experiments; Analyzed and interpreted the data; Contributed re-
agents, materials, analysis tools or data; Wrote the paper.

Funding statement

This research did not receive any specific grant from funding agencies
in the public, commercial, or not-for-profit sectors.

Data availability statement

The data that has been used is confidential.

Declaration of interests statement

The authors declare no conflict of interest.

Additional information

Supplementary content related to this article has been published
online at https://doi.org/10.1016/j.heliyon.2021.e06629.

References

Annelies Van Vianen, A.E., De Dreu, C.K., 2001. Personality in teams: its relationship to
social cohesion, task cohesion, and team performance. Eur. J. Work. Organ. Psychol.
10 (2), 97–120.

Argyris, Chris, 1966. Interpersonal barriers to decision making. J. Occup. Environ. Med. 8
(11), 611.

Arora, A., Athreye, S., 2002. The software industry and India’s economic development.
Inf. Econ. Pol. 14 (2), 253–273.

Arrow, H., McGrath, J.E., Berdahl, J.L., 2000. Small Groups as Complex Systems. Sage,
Thousand Oaks, CA.

Avgerou, C., 2008. Information systems in developing countries: a critical research
review. J. Inf. Technol. 23 (3), 133–146.

Azuma, H., 1994. Nihonjin No Shitsuke to Kokum [Discipline and Education in Japan].
Tokyo University Press, Tokyo.

Bandura, A., 1977. Social Learning Theory. Prentice Hall, Englewood Cliffs, NJ.
Barr, Terri Feldman, Dixon, Andrea L., Gassenheimer, Jule B., 2005. Exploring the “lone

wolf” phenomenon in student teams. J. Market. Educ. 27 (1), 81–90.

https://doi.org/10.1016/j.heliyon.2021.e06629
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref4
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref4
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref4
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref4
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref5
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref5
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref6
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref6
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref6
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref7
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref7
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref8
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref8
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref8
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref9
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref9
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref10
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref11
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref11
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref11


M.K. Shaikh Heliyon 7 (2021) e06629
Behfar, K.J., Peterson, R.S., Mannix, E.A., Trochim, W.M., 2008. The critical role of
conflict resolution in teams: a close look at the links between conflict type, conflict
management strategies, and team outcomes. J. Appl. Psychol. 93 (1), 170.

Berry, Priscilla, Wood, Cindy, Thornton, Barry, 2011. The Myers-Briggs type indicator as
a tool to facilitate learning outcomes for team building in the classroom. Coll. Teach.
Methods & Styles J. 3 (4), 13–20.

Bridget, M. Smyser, Jaeger, B. Kris, 2015. How Did We End up Together? Evaluating
Capstone Project Success as a Function of Team and Project Formation Methods and
Other Contributing Factors, 122nd ASEE Annual Conference & Exposition, June 14 -
17, 2015 Seattle, WA.

Brigit, Krogstie, 2010. The Work-Reflection-Learning Cycle in Software Engineering
Student Projects: Use of Collaboration Tools. Doctoral dissertation, PhD thesis.
Norwegian University of Science and Technology (NTNU)).

Bruffee, K.A., 1993. Collaborative Learning: Higher Education, Interdependence, and the
Authority of Knowledge. John Hopkins University Press, Baltimore.

Buffinton, Keith W., Jablokow, Kathryn W., Martin, Kathleen A., 2002. Project team
dynamics and cognitive style. Eng. Manag. J. 14 (3), 25–33.

Callaghan, P., 2013. Exploring the Impact of Students’ Experiences in Applied Research
on Perceptions and Success in ICT Capstone Projects: A Pilot Study. Unpublished
Master’s thesis. University of Ontario Institute of Technology, Oshawa.

Cannon-Bowers, J.A., Tannenbaum, S.I., Salas, E., Volpe, C.E., 1995. Defining
competencies and establishing team training requirements. Team Effect. Decision
Making Org. 333, 380.

Capretz, Luiz Fernando, 2015. Clues on Software Engineers Learning Styles arXiv preprint
arXiv:1507.06943.

Carron, A.V., Spink, K.S., 1995. The group size-cohesion relationship in minimal groups.
Small Group Res. 26 (1), 86–105.

Carron, A.V., Widmeyer, W.N., Brawley, L.R., 1985. The development of an instrument to
assess cohesion in sport teams: the Group Environment Questionnaire. J. Sport
Psychol. 7 (3), 244–266.

Carson, C.M., Mosley, Don C., Scott, L.Boyar, 2004. Team performance management,
pp. 152–162, 10(7).

Chang, C.C., 2014. Obtaining IT competencies for curricular development using Q-
technique. Int. J. Acad. Res. Bus. Soc. Sci. 4 (3), 60.

Clark, Nicole, 2005. Evaluating student teams developing unique industry projects. In:
Proceedings of the 7th Australasian Conference on Computing Education, 42.
Australian Computer Society, Inc., p. 2005

Coakes, E., Amar, A.D., Luisa Granados, M., 2010. Knowledge management, strategy, and
technology: a global snapshot. J. Enterprise Inf. Manag. 23 (3), 282–304.

Cohen, S.G., 1994. The Effectiveness of Self-Managing Teams: A Quasi-Experiment,
Human Relations, 01/01/1994.

Cohen, Susan G., Ledford Jr., Gerald E., Spreitzer, Gretchen M., 1996. A predictive model
of self-managing work team effectiveness. Hum. Relat. 49 (5), 643–676.

Collins, J., 2001. Good to Great: Why Some Companies Make the Leap… and Others
Don’t. HarperCollins Publishers, New York, NY.

Connerley, M.L., Mael, F.A., 2001. The importance and invasiveness of student team
selection criteria. J. Manag. Educ. 25 (5), 471–494.

Conrad, J.M., 2002. Stuffing more learning into the computer engineering curriculum
bag: capstone course preparation. In: Proceedings of the 2002 Frontiers in Education
Conference, Boston, MA pp F3D-20 to 23, November 2002.

Constant, David, Kiesler, Sara, Lee, Sproull, 1994. What's mine is ours, or is it? A study of
attitudes about information sharing. Inf. Syst. Res. 5 (4), 400–421. INFORMS.

da Silva, F.Q., C�esar, A.C.F., 2009, October. An experimental research on the relationships
between preferences for technical activities and behavioural profile in software
development. In: In 2009 XXIII Brazilian Symposium on Software Engineering (pp.
126–135). IEEE.

da Silva, F.Q., França, A.C.C., Suassuna, M., de Sousa Mariz, L.M., Rossiley, I., de
Miranda, R.C., Espindola, E., 2013. Team building criteria in software projects: a mix-
method replicated study. Inf. Software Technol. 55 (7), 1316–1340.

Dangle, Coleman, Kathleen, et al., 2005. Software process improvement in small
organizations: a case study. IEEE software 22 (6), 68–75.

De Pree, M., 2004. Leadership Is an Art. Doubleday, New York.
Demirors, E., Sarmasik, G., Demirors, O., 1997. The role of teamwork in software

development: microsoft case study. EUROMICRO 97. New Frontiers of Information
Technology, Proceedings of the 23rd EUROMICRO Conference. IEEE, pp. 129–133.

DEST, 2002. Employability Skills for the Future. Department of Education, Science and
Training, Canberra. http://www.dest.gov.au/NR/rdonlyres/4E332FD9-B268-443D-
866C-621D02265C3A/2212/final_report.pdf. (Accessed 25 February 2008).

Druskat, Vanessa Urch, 1996. A team competency study of self-managed manufacturing
teams, 2363-2363.

Druskat, V.U., Kayes, D.C., 1999. The antecedents of team competence: toward a fine-
grained model of self-managing team effectiveness. Res. Manag. Groups Teams 2 (2),
201–231.

Edmondson, Amy, 1999. Psychological safety and learning behavior in work teams. Adm.
Sci. Q. 44 (2), 350–383.

Endsley, Mica R., 2018. Situation awareness in future autonomous vehicles: beware of the
unexpected. In: Congress of the International Ergonomics Association. Springer,
Cham.

Esposto, Alexis S., Weaver, Debbi, 2011. Continuous team Assessment to improve student
engagement and active learning. J. Univ. Teach. Learn. Pract. 8 (1), 8.

Evans, R., 2000. The authentic leader. In: The Jossey-Bass Reader on Educational
Leadership. Jossey-Bass, SanFrancisco, CA, pp. 287–308.

Feldt, R., Angelis, L., Torkar, R., Samuelsson, M., 2010. Links between the personalities,
views and attitudes of software engineers. Inf. Software Technol. 52 (6), 611–624.

Figl, Kathrin, 2010. A systematic review of developing team competencies in information
systems education. J. Inf. Syst. Educ. 21 (3), 323.
10
Freire, P., 1990. Pedagogy of the Oppressed. The Continuum Publishing Company,
NewYork.

Fullan, M., 1999. Change Forces: the Sequel. Falmer Press, Philadelphia, PA.
Futrell, R.T., Shafer, L.I.D.F., 2002. Quality Software Project Management.
Gasik, S., 2011. A model of project knowledge management. Proj. Manag. J. 42 (3),

23–44.
Goldberg, Mary R., Pearlman, Jonathan L., 2013. Best practices for team-based assistive

technology design courses. Ann. Biomed. Eng. 41 (9), 1880–1888.
Gotel, Olly, Scharff, Christelle, Sopheap, Seng, 2006. Preparing computer science students

for global software development. In: Proceedings. Frontiers in Education. 36th
Annual Conference. IEEE.

Guzzo, R.A., Shea, G.P., 1992. Group performance and intergroup relations in
organizations. In: Dunnette, M.D., Hough, L.M. (Eds.), Handbook of Industrial and
Organizational Psychology, second ed.s., 3. Consulting Psychologists Press, Palo Alto,
CA, pp. 296–313.

Guzzo, R.A., Yost, P.R., Campbell, R.J., Shea, G.P., 1993. Potency in groups: articulating a
construct. Br. J. Soc. Psychol. 32 (1), 87–106.

Hackman, J.R., 1987. The design of work teams. In: Lorsch, J.W. (Ed.), Handbook of
Organizational Behavior. Prentice-Hall, Englewood Cliffs, NJ, pp. 315–342.

Hannay, J.E., Arisholm, E., Engvik, H., Sjoberg, D.I., 2010. Effects of personality on pair
programming. IEEE Trans. Software Eng. 36 (1), 61–80.

Hansen, M.T., 1999. The search-transfer problem: the role of weak ties in sharing
knowledge across organization subunits. Adm. Sci. Q. 44 (1), 92–111.

Hansen, Randall S., Hansen, Katharine, 2011. The student experience in speed teaming: a
new approach to team formation. J. Coll. Teach. Learn. 4 (7), 69–78.

Hathaway, 1999. Caribbean Waves: Relocating Claude McKay and Paule Marshall.
Indiana University Press.

Henderson, N., Milstein, M.M., 2003. Resiliency in Schools: Making it Happen for
Students and Educators, Updated edition. Corwin Press, Thousand Oaks, CA.

Henry, D.A., Milstein, M., 2006. Building leadership capacity through resiliency. In: Paper
Presented at the Commonwealth Council for Educational Administration and
Management, Lefcosia, Cyprus.

Heslegrave, R.J., Colvin, C., 1996. An Exploration of Psychological and Psychophysical
Measures as Predictors of Successful Performance under Stress. Technical Report
1035. United States Army Research Institute for the Behavioral and Social Sciences.

Hilburn, T.B., 2000. Teams need a process!. In: Proceedings of the 5th Annual SIGCSE/
SIGCUE ITiCSEconference on Innovation and Technology in Computer Science
Education - ITiCSE 00 ITiCSE 00, 2000.

Hoda, Rashina, Noble, James, Marshall, Stuart, 2013. Self-organizing roles on agile
software development teams. IEEE Trans. Software Eng. 39 (3), 422–444.

Hoegl, M., Gemuenden, H.G., 2001. Teamwork quality and the success of innovative
projects: a theoretical concept and empirical evidence. Organ. Sci. 12 (4), 435–449.

Hogan, J.M., Thomas, R., 2005. Developing the software engineering team. In:
Proceedings of the 7th Australasian Conference on Computing Education, 42.
Australian Computer Society, Inc, pp. 203–210.

Humphrey, W.S., 2000a. Introduction to the Team Software Process. Addison-Wesley
Professional.

Humphrey, W.S., 2000b. Team Software Process (TSP). Encyclopedia of Software
Engineering.

Hunsaker, P., Pavett, C., Hunsaker, J., 2011. Increasing student-learning team
effectiveness with team charters. J. Educ. Bus. 86 (3), 127–139.

Imel, Susan, Tisdell, Elizabeth J., 1996. The relationship between theories about groups
and adult learning groups. N. Dir. Adult Cont. Educ. 1996 (71), 15–24.

Jacobs, Patrica A., Gaver, Donald P., 1998. Human Factors Influencing Decision Making.
No. NPS-OR-98-003. Naval Postgraduate School Monterey Ca Dept Of Operations
Research.

Janis, I.L., 1972. Victims of Groupthink: a Psychological Study of Foreign-Policy Decisions
and Fiascoes.

Jaramillo, C.M.Z., 2014. Teaching software development by means of a classroom game:
the software development game. Dev. Business Simulation Exp. Learning 36.

Kathleen, Keogh, Venables, Anne, 2009. The importance of project management
documentation in computing students’ capstone projects. Asia-Pacific J. Cooperative
Edu. 10 (3), 151–162.

Katira, N., Williams, L., Wiebe, E., Miller, C., Balik, S., Gehringer, E., 2004. On
understanding compatibility of student pair programmers. ACM SIGCSE Bulletin 36
(No. 1), 7–11. ACM.

Kechagias, K., 2011. Introduction to soft skills and generic competencies in teaching and
assessing soft skills. In: Kechagias, K. (Ed.), Teaching and Assessing Soft Skills. MASS
Project, September.

Kent, R.N., McGrath, J.E., 1969. Task and group characteristics as factors influencing
group performance. J. Exp. Soc. Psychol. 5, 429–440.

Kitayama, S., Karasawa, M., 1995. Self: A cultural psychological perspective. Jpn. J. Exp.
Soc. Psychol. 35 (2), 133–163.

Kushal, S., Ahuja, S., 2009. In: Sri, S.A., Jin, Kushal (Eds.), Business Comunication:
Nature, Process and Basic Forms, first ed. Publications, FK.

Larsson, A., T€orlind, P., Karlsson, L., Mabogunje, A., Leifer, L., Larsson, T., Elfstr€om, B.O.,
2003. Distributed team innovation: a framework for distributed product
development. In: International Conference on Engineering Design: 19/08/2003-21/
08/2003. Design Research Society, pp. 321–322.

Latting, Jean Kantambu, Raffoul, Paul R., 1991. Designing student work groups for
increased learning: an empirical investigation. J. Soc. Work. Educ. 27 (1), 48–59.

Layton, R.A., Loughry, M.L., Ohland, M.W., Ricco, G.D., 2010. Design and validation of a
web-based system for assigning members to teams using instructor-specified criteria.
Advances in Engineering Education 2 (1), n1.

Lewis, R.D., 2000. When Cultures Collide: Managing Successfully across Cultures.
Nicholas Brealy Publishing, London, pp. 25–34.

http://refhub.elsevier.com/S2405-8440(21)00732-5/sref12
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref12
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref12
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref13
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref13
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref13
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref13
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref13
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref15
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref15
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref15
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref15
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref15
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref16
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref16
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref16
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref17
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref17
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref19
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref19
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref19
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref20
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref20
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref20
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref21
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref21
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref21
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref22
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref22
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref156
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref156
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref156
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref23
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref23
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref23
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref23
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref24
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref24
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref24
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref26
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref26
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref28
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref28
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref28
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref29
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref29
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref29
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref31
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref31
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref32
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref32
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref32
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref33
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref33
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref34
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref34
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref34
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref35
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref35
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref35
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref36
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref36
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref36
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref157
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref157
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref157
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref157
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref157
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref157
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref37
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref37
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref37
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref37
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref38
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref38
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref38
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref39
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref40
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref40
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref40
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref40
http://www.dest.gov.au/NR/rdonlyres/4E332FD9-B268-443D-866C-621D02265C3A/2212/final_report.pdf
http://www.dest.gov.au/NR/rdonlyres/4E332FD9-B268-443D-866C-621D02265C3A/2212/final_report.pdf
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref42
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref42
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref43
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref43
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref43
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref43
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref44
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref44
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref44
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref45
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref45
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref45
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref46
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref46
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref47
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref47
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref47
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref48
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref48
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref48
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref49
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref49
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref50
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref50
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref51
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref52
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref53
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref53
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref53
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref54
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref54
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref54
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref55
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref55
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref55
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref56
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref56
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref56
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref56
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref56
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref57
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref57
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref57
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref58
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref58
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref58
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref60
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref60
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref60
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref61
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref61
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref61
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref62
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref62
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref62
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref63
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref63
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref64
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref64
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref65
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref65
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref65
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref66
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref66
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref66
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref67
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref67
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref67
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref68
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref68
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref68
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref69
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref69
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref69
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref71
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref71
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref71
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref71
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref72
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref72
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref73
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref73
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref75
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref75
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref75
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref76
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref76
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref76
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref77
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref77
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref77
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref78
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref78
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref79
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref79
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref80
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref80
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref80
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref80
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref81
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref81
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref81
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref81
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref82
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref82
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref82
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref83
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref83
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref83
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref158
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref158
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref158
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref85
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref85
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref86
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref86
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref86
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref86
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref86
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref86
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref86
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref87
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref87
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref87
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref88
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref88
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref88
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref89
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref89
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref89


M.K. Shaikh Heliyon 7 (2021) e06629
Likert, Rensis, 1961. New Patterns of Management.
Locke, E.A., Latham, G.P., 1990. A Theory of Goal Setting and Task Motivation. Prentice-

Hall, Englewood Cliffs, NJ.
Lunenburg, F., Ornstein, A.C., 2004. Educational Administration: Concepts and Practices,

fourth ed. Thomson Wadsworth, Stamford, Connecticut.
Marks, M.A., Mathieu, J.E., Zaccaro, S.J., 2001. A temporally based framework and

taxonomy of team processes. Acad. Manag. Rev. 26 (3), 356–376.
Mathieu, John E., Maynard, M. Travis, Rapp, Tammy, Gilson, Lucy., 2008. Team

effectiveness 1997-2007: a review of recent advancements and a glimpse into the
future. J. Manag. 34 (3), 410–476.

Matthew, S. Prewett, Ashley, A. G. Walvoord, Frederick, R. B. Stilson, Michael, E. Rossi,
Michael, T. Brannick, 2009. The team personality–team performance relationship,
revisited: the impact of criterion choice, pattern, of workflow, and method of
aggregation. Hum. Perform. 22 (4), 273–296.

Maule, A.J., Mackie, P., 1990. A componential investigation of the effects of deadlines on
individual decision making. In: Borcherding, K., Larichev, O.I., Messick, D.M. (Eds.),
Contemporary Issues in Decision Making North -Holland, Amsterdam, 1990.

McChesney, Ian R., Gallagher, Seamus, 2004. Communication and co-ordination practices
in software engineering projects. Inf. Software Technol. 46 (7), 473–489.

McCorkle, D.E., Reardon, J., Alexander, J.F., Kling, N.D., Harris, R.C., Iyer, R.V., 1999.
Undergraduate marketing students, group projects, and teamwork: the good, the bad,
and the ugly? J. Market. Educ. 21 (2), 106–117.

McIntyre, R.M., Salas, E., 1995. Measuring and managing for team performance:
emerging principles from complex environments. Team Effect. Decision Making Org.
16, 9–45.

Mealiea, L., Baltazar, R., 2005. A strategic guide for building effective teams. Person.
Adm. 34 (2), 141–160.

Missingham, D., 2006. The Integration of Professional Communication Skills into
Engineering Education.

Morgan Jr., B.B., Glickman, A.S., Woodard, E.A., Blaiwes, A.S., Salas, E., 1986.
Measurement of Team Behaviors in a Navy Environment. Battelle Columbus Labs
Research, Triangle Park Nc.

Morgan Jr., Ben B., Salas, Eduardo, Glickman, Albert S., 1993. An analysis of team
evolution and maturation. J. Gen. Psychol. 120 (3), 277–291.

Motschnig-Pitrik, Renate, Figl, Kathrin, 2007. Developing team competence as part of a
person centered learning course on communication and soft skills in project
management. In: Frontiers in Education Conference-Global Engineering: Knowledge
without Borders, Opportunities without Passports, 2007. FIE'07. 37th Annual. IEEE,
2007.

Murnighan, J. Keith, Conlon, Donald E., 1991. The dynamics of intense work groups: a
study of British string quartets. Adm. Sci. Q. 165–186.

Murphy, J.T., 2000. The unheroic side of leadership. In: The Jossey-Bass Reader on
Educational Leadership. Jossey-Bass, San Francisco, CA, pp. 114–125.

Murphy, J.F., Hunt, D., Wasonga, T., 2004. Cocreated Leadership: Leadership from
within. School Business Affairs, pp. 20–21.

Mursu, Anja, 2002. Information Systems Development in Developing Countries: Risk
Management and Sustainability Analysis in Nigerian Software Companies. University
of Jyv€askyl€a.

Nembhard, Ingrid M., Edmondson, Amy C., 2012. "Psychological safety." the Oxford
Handbook of Positive Organizational Scholarship.

Ortega, A., S�anchez-Manzanares, M., Gil, F., Rico, R., 2010. Team learning and
effectiveness in virtual project teams: the role of beliefs about interpersonal context.
Spanish J. Psychol. 13 (1), 267–276.

Parcon, P., 2007. Develop Your Team Building Skills. Lotus Press, New Delhi.
Parente, Diane H., Filbeck, Greg, Roth, John T., 2011. Learning style preferences in cross-

functional teams: discipline-specific or personality-related? J. Behav. Stud. Business 4
(?), 1.

Parkinson, M., 2008. How to Master Psychometric Tests. Kogan Page, London.
Penttil€a, T., Kairisto-Mertanen, L., V€a€an€anen, M., 2014. Implementing Cross-Disciplinary

Learning Environment–Benefits and Challenges in Engineering Education.
Pereira, Orlando P., 2013. Soft skills: from university to the work environment. Analysis

of a Survey of Graduates in Portugal. Reg. Sect. Econ. Stud. 13 (1), 105–118.
Pfaff, E., Huddleston, P., 2003. Does it matter if I hate teamwork? What impacts attitudes

toward teamwork. J. Market. Educ. 25 (1), 37–45.
Pinto, J., 2008. Biases and Heuristics in Team Member Selection Decisions. Doctoral

dissertation. University of Pittsburgh.
Porter, L., McKibbin, L., 1988. Management Education and Development: Drift or Thrust

into the 21st century? McGraw-Hill, New York.
Qureshi, A.A., Afzal, S., Daud, I., Saleem, M.A., 2013. A comparative analysis of gender

based management styles of software project managers. Int. J. Comput. Appl. 71 (14).
Reif, H.L., Mitri, M., 2005. Integration of project management components in

undergraduate information systems curricula. J. Comput. Inf. Syst. 45 (3), 24–31.
Reilly, R.R., Aronson, Z.H., 2009. Managing Contextual Performance. Performance

Management: Putting Research into Action, pp. 297–328.
11
Sargent, Leisa D., Sue-Chan, Christina, 2001. Does diversity affect group efficacy? The
intervening role of cohesion and task interdependence. Small Group Res. 32 (4),
426–450.

Scarnati, James T., 2001. On becoming a team player. Team Perform. Manag.: Int. J. 7 (1/
2), 5–10.

Scott, Thomas J., Cross, James H., 1995. Team selection methods for student
programming projects. In: Conference on Software Engineering Education. Springer,
Berlin, Heidelberg.

Seidel, R., Godfrey, E., 2005. Project and team based learning: an integrated approach to
engineering education. In: 4th ASEE/AaeE Global Colloquium on Engineering
Education. Australasian Association of Engineering Education, p. 1700.

Sergiovanni, T.H., 2000. Leadership as stewardship: ‘Who is serving who’. In: The
Jossey-Bass Reader on Educational Leadership. Jossey-Bass, San Francisco, CA,
pp. 269–286.

Sergiovanni, T.H., 2006. The Principalship: A Reflective Practice Perspective. Allyn and
Bacon, San Francisco, CA.

Shaikh, M.K., 2018. Team building criteria (TBC) for self-managing student teams of
computer science’s capstone projects. Unpublished PhD thesis. FUUAST.

Shaikh, M.K., Ahsan, K., 2018a. Psychographd: a team building platform for software
engineering students. Int. J. Eng. Educ. 34 (6), 1969–1975.

Shaikh, M.K., Ahsan, K., 2018b. KSAO framework for computer science project student
teams. Sindh Univ. Res. J.-SURJ (Sci. Series) 50 (1), 53–58.

Shaikh, M.K., Ahsan, K., 2020. A psychographic self-evaluation questionnaire for team
formation. Int. J. Eng. Educ. 36 (1), 96–100.

Shaikh, M.K., Raza, A., Ahsan, K., 2016. Software project management as team building
intervention. J. Basic Appl. Sci. 12, 365–373.

Shujuan, Z., Qibo, H., Wei, S., Xiaofeng, S., 2010. The balance study of IT project and
team member. In: 2010 2nd IEEE International Conference on Information
Management and Engineering.

Sims-Knight, J.E., Upchurch, R.L., Powers, T.A., Haden, S., Topciu, R., 2002. Teams in
software engineering education. In: Frontiers in Education, 2002. FIE 2002. 32nd
Annual, 3. IEEE pp. S3G-S3G.

Smarkusky, D.L., Dempsey, R., Ludka, J., Quillettes, F.d., 2005. Enhancing team
knowledge: instruction vs. experience. Proceedings of SIGCSE 460–464.

Smith, H.J., Tyler, T.R., 1997. Choosing the right pond: the impact of group membership
on self-esteem and group oriented behaviour. J. Exp. Soc. Psychol. 33, 146–170.

Steele-Johnson, D., Beauregard, R.S., Hoover, P.B., Schmidt, A.M., 2000. Goal orientation
and task demand effects on motivation, affect, and performance. J. Appl. Psychol. 85
(5), 724.

Stevens, M.J., Campion, M.A., 1994. The knowledge, skill, and ability requirements for
teamwork: implications for human resource management. J. Manag. 20, 503–530.

Sukhoo, Aneerav, 2009. An evolutionary software project management maturity model
for developing countries. PhD Dissertation.

Sukhoo, A., Barnard, A., Eloff, M.M., Van der Poll, J.A., Motah, M., 2005. Accommodating
Soft Skills in Software Project Management.

Taggar, S., Brown, T.C., 2001. Problem-solving team behaviors: development and
validation of BOS and a hierarchical factor structure. Small Group Res. 32 (6),
698–726.

Tasa, K., Sears, G.J., Schat, A.C., 2011. Personality and teamwork behavior in context: the
cross-level moderating role of collective efficacy. J. Organ. Behav. 32 (1), 65–85.

Umphress, D.A., Hendrix, T.D., Cross, J.H., 2002. Software process in the classroom: the
capstone project experience. IEEE software 19 (5), 78–81.

Van den Bossche, P., Gijselaers, W.H., Segers, M., Kirschner, P.A., 2006. Social and
cognitive factors driving teamwork in collaborative learning environments: team
learning beliefs and behaviors. Small Group Res. 37 (5), 490–521.

Van Meer, G.L., Sigwart, C.D., 1989. Effective group interactions: some aspects of group
projects in computer science courses. ACM SIGCSE Bulletin 21 (4), 52–56.

Vreda, Pieterse, Lisa, Thompson, 2010. Academic alignment to reduce the presence of
‘social loafers’ and ‘diligent isolates’ in student teams. Teach. High. Educ. 15 (4),
355–367.

Wasonga, Teresa A., Murphy, John F., 2007. Co-creating leadership dispositions. In:
International Studies in Educational Administration, 35. Commonwealth Council for
Educational Administration & Management (CCEAM)), p. 2.

Wax, A., 2015. Self-assembled Teams: Attraction, Composition, and Performance.
Doctoral dissertation. Georgia Institute of Technology.

West, M.A., 1987. Role innovation in the world of work. Br. J. Soc. Psychol. 26, 305–315.
White, Merry I., Robert, A. LeVine., 1986. What Is an" Ii Ko"(good Child)?.
Wilde, Douglass J., 1997. Using student preferences to guide design team composition. In:

Proceedings of DETC’97.
Wilkins, Dawn E., Lawhead, Pamela B., 2001. Evaluating individuals in team projects.

ACM SIGCSE Bulletin 32 (1), 172–175.
Wong, D.S., 2015. Exploring the Impact of Team Building on Group Cohesion of a

Multicultural Team. unpublished PhD thesis. Pepperdine University.

http://refhub.elsevier.com/S2405-8440(21)00732-5/sref91
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref92
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref92
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref93
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref93
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref94
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref94
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref94
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref95
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref95
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref95
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref95
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref96
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref96
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref96
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref96
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref96
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref96
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref97
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref97
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref97
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref98
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref98
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref98
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref99
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref99
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref99
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref99
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref100
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref100
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref100
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref100
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref101
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref101
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref101
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref102
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref102
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref103
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref103
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref103
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref104
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref104
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref104
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref105
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref105
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref105
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref105
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref105
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref106
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref106
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref106
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref107
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref107
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref107
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref108
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref108
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref108
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref109
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref109
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref109
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref109
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref110
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref110
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref111
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref111
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref111
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref111
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref111
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref112
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref113
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref113
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref113
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref114
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref116
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref116
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref116
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref116
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref116
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref116
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref117
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref117
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref117
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref118
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref118
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref118
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref119
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref119
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref120
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref120
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref121
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref121
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref122
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref122
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref122
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref123
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref123
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref123
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref124
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref124
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref124
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref124
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref125
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref125
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref125
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref126
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref126
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref126
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref127
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref127
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref127
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref128
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref128
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref128
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref128
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref129
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref129
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref130
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref130
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref131
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref131
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref131
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref132
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref132
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref132
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref133
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref133
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref133
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref134
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref134
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref134
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref135
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref135
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref135
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref136
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref136
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref136
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref137
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref137
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref137
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref138
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref138
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref138
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref159
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref159
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref159
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref139
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref139
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref139
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref140
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref140
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref141
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref141
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref142
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref142
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref142
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref142
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref143
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref143
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref143
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref144
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref144
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref144
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref145
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref145
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref145
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref145
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref146
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref146
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref146
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref147
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref147
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref147
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref147
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref148
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref148
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref148
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref148
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref149
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref149
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref150
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref150
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref151
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref153
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref153
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref154
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref154
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref154
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref155
http://refhub.elsevier.com/S2405-8440(21)00732-5/sref155

	How to form a software engineering capstone team?
	1. Introduction
	2. Methodology
	2.1. Role of Psychographd in team building

	3. Team building criteria for self-managing software engineering capstone project teams
	3.1. Teamwork skills
	3.1.1. Interpersonal/social skills
	3.1.2. Conflict management skills
	3.1.3. Collaborative problem solving skills
	3.1.4. Individual self-management skills
	3.1.5. Personality

	3.2. Taskwork skills
	3.2.1. Project management skills
	3.2.2. Taskwork expertise
	3.2.3. Software development processes skills
	3.2.4. Work analysis and reflection


	4. Results
	5. Discussion
	6. Conclusion
	Declarations
	Author contribution statement
	Funding statement
	Data availability statement
	Declaration of interests statement
	Additional information

	References


