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Abstract

This paper proposes a new model for team buildidmich enables teachers to build coherent teamdlsapi
and fairly for the term projects of software engirieg courses. Moreover, the model can also be tased
build teams for any type of project, if the teammber candidates are students, or if they are ineqeed
on a certain subject. The proposed model takeests’dpreferences and the teacher’s consideraiibos
account when a team building process is requiredriy type of course. In addition, this paper itigedes
how team building modelfkandomM: teams are built with randomly selected studergacherM: teacher
selects the members for each te&udentsM: students build their own teams and the proposedieth
affect team performance and how gender differeatfest project activities and team performance. A
three-year (five semesters) teaching experimentpgeg®rmed with the participation of 248 male a®d 7
female university students and a total of 67 soféwaoject teams. Two different One-way ANOVA tests
were applied on the experimental data, and thdtsasdlicated that the proposed model was bettar th
RandomM, TeacherM and StudentsM models in terngsaéct grades, and the effect of gender
differences on the teams’ performance and projeotiies was negligible.

Keywords:architectures for educational technology system; evaluation methodologies, gender studies;
improving classroom teaching

1. Introduction

Teams are a primary mechanism for accomplishingroegtional work, especially for software projects
(Faraj and Sproull 2000), hence team building, tsem® and cooperation between team members are
critical factors in providing a quality softwareofect. Team building process has been regularly
investigated over a long period, and a wide rarfgeathods have been implemented to improve team
cohesion and quality.

1.1. Literaturereview

The first contextual study in this field, calleddd@kman’s model of team development” (Tuckman 1965),
proposed a four-stage model, consisting of forornst norm and perform sequence. These stages are
regarded as the best and idealized forms (Buchamartluczynski, 1997). However, Rickards and Moger
(2000) proposed a new contextual framework thatifie@dTuckman’s well known model. They stated that
“although the stages of Tuckman model may haveiderable face validity as a general sequence,
empirical observations of specific teams reveal glexities that cannot be explained as a simpleestag
sequence”. They focused on two questions: “whiditafstorm stage never ends” and “what is needed to
exceed performance norm”, and proposed to replastages with two barriers: weak behavioral barrie
and strong performance barrier. They have propesesifective model, and have successfully testeid th
hypothesis with projects teams of business graduatd multiple teams within multidimensional indizdt
organizations. In addition, a number of modified @omplementary alternative models to Tuckman’s
original have been proposed (Rickards and MogedQ2Mcgrew et al, 1999; Miller 2003; Hope et al,
2005; Tuckman and Jensen, 1977; Tuckman, 2010).

Furthermore, team coherency and its effects on famformance have also been studied by many
researchers. Chung and Guninan investigated theaeship between team members' participative style
and team performance in software development, laeyigtated that team size and the professional
experience of team members moderate the relatiphstiveen participation and performance. The most
important finding is that participation is signiictly related to team performance in teams with
inexperienced members (Chung and Guinan 19941ditian, there are many other studies about factors
that affect team performance, such as the probtemsed by the distribution of projects to teamsdims

of workloads and size of the projects), difficudti@ project management and collaboration problems
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within groups (Beck, 2008; Humphrey et al, 2008;aee2009; Jenkins, 2008; Favela and Pena-Mora,
2001; Mitchell and Delaney, 2004; Pereira et aQ@@Robillard and Robillard, 2000).

Bardach (2004) offered a solution to these probjdnissmethod, “elimination auction”, presents a
computer program for matching students to particpitajects. In this approach, students are askedt®
or bid for the projects from a project pool accogito several rules. Finally, project groups (tepans
assembled by students with an interest in thequéati project subjects. Although the method is imges
clever, it is a top-down approach: first, the sabje decided, and then subject coherent teamisualte
according to the project subject. However, theesaanumber of disadvantages to this approach: well-
adjusted teams may not be built, and project stbjeave to be defined in advance. Thus, eithena ve
limited project pool is offered to students, ontleannot freely select any of the real life projeabjects
they may be interested in. However, in a bottonapproach, teams are built first, and then a sulgect
decided upon by team members. Thus, this apprasahsto be more advantageous in terms of project
subjects.

1.2. Motivation

While these studies state some kind of team prahlémey propose several solutions to team buildimd
team management problems for industrial and busipegects. However, in education, especially in
software engineering education, students as teamb@recandidates are inexperienced, and this sadtwar
project might be their first encounter with projesgues. Students can be sensitive, and they ndasl t
guided very carefully through their first experierin project tasks and management. In addition to
students’ project skills, group participation aethtionships are crucial and need to be takendaotount
during the team building process.

Inexperience is not the only problem in buildingeav team for software engineering (SE) coursegaiter
projects. The list below highlights a number ofititions and restrictions evident in the process:

1.Time limitation: there is very limited time for Bding the project teams. A semester is about 15
weeks, including exams and presentations; henoe bedding processes should be completed in a
very short time. When the teacher lets the studauitd their project teams, the students cannot
finalize building the teams in two weeks becausproblems caused by relationships between
students, emotionality, avoiding responsibility;.€these delays result in very limited time to
complete the project work. Therefore, team perfaroeaand project quality may suffer.

2.Behavioral tendency problems: since all team meroaedidates are students, they are likely to
behave in ways considered unprofessional, suchaa#tating toward their best friends or
academically successful students. Empirical obsiemnareveal that sometimes, students can be
unwilling to be in the same project team with cerstudents because of hidden conflicts between
them, but they may not express this directly, qagsinnecessary tension or strife. This situation
decreases the motivation and total effectivenesiseofeam.

3.Limited project subjects: forcing students (teatnsjelect a project subject from a limited projeabl
may narrow the students’ visions. Therefore, agmtojeam should be allowed to freely select a ptoje
subject from the real world, not only from a prajpool. Furthermore, it is important that they diss
their availability and interests, such as intenirepand negotiating abilities, travel restrictiaets,
before deciding what the proper project can bes phbcess is crucial to improving project skillsglan
creativity.

In this paper, four team building model&andomM (teams are built with the randomly selected stugents
TeacherM (teacher selects the members for each te@jentsM (students build their own teams); and
ProposedM (the proposed model) are examined. When the rastricand limitations listed above are
considered, RandomM, TeacherM and StudentsM megbgisar not to be the best choices for building
project teams for SE courses’ term projects.

This paper proposes a bottom-up, straightforwagdrihm that is a combination of the improved maoafel
Gale & Shapley and Prim’s minimum spanning treeuwlgm to solve team building problems for SE
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courses (Gale and Shapley, 1962; Prim, 1957). &aleShapley proposed a model to solve roommate
matching problems (similar to team building forodtware project). In addition, there is a recertgmsal

to solve roommate matching problems by Morrill (@)Ihowever, he focused only on 2N students into N
roommates pairing. Although these coupling methuskd improvements in order to be used in the
problem of N students pairing into M teams, th@ip@aches are very useful for initial pairing afdgnts
into subgroups.

The model proposed in this paper is an improveraerdiommate coupling method. By taking into account
students’ preferences, it improves team collabonatind team success, and limits team problems.

2. Team Building for Term Projects

In this study, four different team building modelRandomM; TeacherM; SudentsM; ProposedM- are
examined as previously mentioned for term projetsoftware engineering courses.

2.1. Team building models

RandomM: this model is based on random selection {ttam size) students from a student list for each
team. The teacher makes a random selection algotdtbuild teams at the beginning of the semester
using a variety of options, ranging from maximurantesize to gender (i.e. the teacher may decide to
include at least one female in each team). If tieees undesired structure in any team, the tedutaizes
manually. This is the fastest model, however itnair, and the one that least considers the stagen
individuals.

TeacherM: in this model, the teacher selent&eam size) members from a student list for eaemtusing
his/her knowledge of individual students. Becatmse model is based on manual selection of studgnts,
requires very precise knowledge of students prafilé characteristics of all students, and consetyuens
the potential for student objection. Thus it isyvdifficult to implement.

StudentsM: at the beginning of the semester, the teachermdigtesn (team size) and instructs the students
to build their own teams of this size. Because nwrthe students know each other, most of thendbuil
very coherent teams. However, this process ustedlyires more than 2 weeks, and students recently
joining the class, or those repeating the coursglmadeft out of teams.

2.2. ProposedM : The Proposed model

The algorithm of the proposed model is based ofoaggrative clustering and Prim’s shortest path
algorithm. The initial step of the proposed tearitding model has the students competing preference
forms at the beginning of the semester. Next, thm$ are transferred to a database table, andathen
preference matrix is created with a number of adjests. A computer program designed for the prapose
model is then executed with several parameters), asienax group size and merging function selection.
Then a team list is created and shown on the schettie teacher needs to revise or modify a team’s
structure or replace members, s/he would manualffize the list, finally the team list is annoudde
students.

2.2.1. Thepreferenceform

At the beginning of the semester, the studentgpmers) are asked to complete a form (Fig.1.a) for
ranking their friends (acceptors) using a prefeesszale from 1 to n-1 (1 being highest and n-1dein
lowest) according to their willingness to be in #ane project group as other students. This pratesdd
be finalized within short period (i.e. in five dayklere, a proposer is a student who declaresghef|
preferences, an acceptor is a student who acceptgpaser as a teammate, and n is the numberaedrta
in the list. Since the proposers cannot prefer gewes, they must fill the form for n-1 acceptdrise
preference forms are kept completely confidentfals, proposers fill out the forms without anxietyhile
proposers are completing the forms, they shouldeaty the following rules:

1. They cannot give the same preference order for ithame one acceptor.



2. They have to prioritize at leastacceptors with &(i) preference level, whek) is the
preference level of th acceptork is the maximum number of the students, axidk. Here
maximum team sizek) is previously determined by the teacher accorttingass size. If a
proposer prioritizes acceptors and ikk, all the acceptors who are not prioritized by @pmser
will be regarded as having the same preferencé Vatte P(j) = P(i)+1 forj=i+1 ton-1.

3. All students must submit a form at the beginning seEmester; otherwise the proposer agrees that
all the acceptors will be regarded as having tineesariority with the highest level 1.

Proposers Preference Acceptors
Student Name : e
Student ID Acceptor/

(Max Team Size - 6) l P:ﬁ;ﬁsoerr Si S | Ss S; Sa

Preference Order A

Acceptor List (Priority) |y
lton v S, (e] 2 1 3

Student; :. —

>, S, 2 (e} 3 X

Student, n
Students ) Ss X 2 [e] JJ 1

v

Student; JJ i S;

<

Student,. v S, X X X o
a) Preference Form b) Preference Matching ¢) Preference Matrix

Figure 1. Transfer sequence of the preference feoragpreference matrix
2.2.2. Constructing the preference matrix

All of the completed forms are transferred intoreference matri (see Fig.1.c), and several revisions
are made on the matrix according to assumptiomsl2gassumptions are stated according to preferenc
form filling rules). Fig.1 shows how the prefererioems can be transferred to a preference matnix. |
Fig.1.c, “X” denotes that no preference level igegi to that acceptor.

Assumption 1: If a proposer student does not complete a formptbposer would accept being a member
of any team without complaint. Thus, the rows @St proposers in the matrix are filled by 1 (highes
preference level) for each acceptor (colun®{))=1, forj=1 ton-1.

Assumption 2: If a proposer does not prioritize a sufficient nienbf acceptors, the proposer would
accept that all the acceptors who are not pri@tizave the same priority level. Thus, prioritydiefor
these acceptors (columns) is set to the lowestifyrigiven by the proposer plus B(j) = P(i)+1 forj=i+1
ton-1.

When the necessary revisions are completed on #téxyit is decomposed into a lower triangular rixat

by adding the weights of each cross proposer aoeptar M = M;; + M;)). Figure 2 demonstrates a sample
construction sequence of a preference matrix fostidents.

Acceptor/ Acceptor/ Acceptor/

St S2 S3 S4 Ss Sé

Proposer Proposer Proposer St s2 $3 4 Ss S¢
St (o} 2 1 X X 3 St o 2 1 4 4 3 St o
S: 2 o 3 X 1 X S2 2 o 3 4 1 4 S 4 o
S3 X |2 | O 3 X 1# S3 4 2 | O 3 4 1 S3 5 5 | O
S4 4 1 3 o 2 X S4 4 1 3 (o} 2 5 S4 8 5 6 (o}
Ss 1 X X X (o} 2 Ss 1 3 3 3 (o} 2 Ss 5 4 7 5 o
e
Sé X X X X 1 (o} 3 2 2 2 2 1 o S6 5 6 (3 ) 7 3 o

Starting cell (First group S3+Sg) /

Figure 2. Preference matrix construction sequence



2.2.3. Theteam building algorithm

The algorithm of the proposed model is straightfmdy and it is similar to Prim’s minimum spanninget
algorithm. All proposers and acceptors (after gidar decomposition, only one node denotes both) ar
referenced by nodes and given preferences refetdncedges (weights). A sample node structure is
demonstrated in Fig.3 for maximum team size twothnee.

3groups (3-6,4-5;1-2;
with max weight left)

2 Groups (3-4-6; 125
‘with max wei ghl left)

lfrnaxgroupslze =3 . .

Figure 3. Sample steps for the team building atbori

The first teams are created by combining the nadgsminimum weights (highest preference levels).
When two nodes are combined in a single node, ¢laewvreights to others are then recalculated using
various functions. Three different recalculationdtions are considered; these BFg¢,, RFmax andRF i
whereRFya, RFmax aNdRF, assume that the new weight to a particular nodeeisum of the weights,
maximum weight and minimum weight of combined notbethat particular node respectively. In Figure 3,
the recalculation function forces th&H;.,) maximum weight of the combined nodes will be nieev

weight. Here, the model hypothesizes that whethalteam building processes are completed, the tota
weight left (total weight between groups of prope$és maximum, maximum weight left means that the
teams have minimum weight inside, and there is @mam challenge between groups.

The pseudo code of the model is shown in Algorithrim this code, the preference matrix construcison
completed between lines 1 and 7.

Algorithm 1 : Team building algorithm

I nput: Students’ Preference matfik;; number of student®n ; max. groups size
maxgm
Output: Groups
1 forj:=1..ndo /I Find max preference value and set the
2 maxpref =max(preference in tupI¥[j]); /I empty columns to maxpref+ 1 for each
3 for i:=1..ndo /[ tuple (Student)
4 | if M[i,j] = Othen SetM[i,j] = maxpref + 1;
5 end {for}
6 end {for}
7 Transform\); /I Get the total of the edges (Transform M
8 StudentsLeft=n to // alower triangular matrix)
9 whileLeftStudents > do
10 FindMinRelationShip(StudentX,StudentY,Weight) /I Find the students having min weight
11 if CheckMaxGroupSize(StudentX,Studenthfgn /I X and Y are student or groups of
students
12 MergeStudentsYtoX(StudentX,StudentY,Weight); // Create group and get total group
weight
13 RemoveStudents(StudentY); /I Construct the group and remove the
14 StudentsLeft := StudentsLe Sizeof(StudentY /I group Y from Preference Matrix
15 SetupAGroup;
16 end {if}
17 else SolveMaxGroupSizeProblem(X,Y); /l'if any problemwith group size
18 end {while}

Next, until no student is left alone, the algoritbomtinues to build teams. Meanwhile, some group
matching problems arise (i.e. maximum group sizghtnibe exceeded because of the nature of the
algorithm). In these problematic cases, SolveGr@grSoblem procedure is executed to rearrange the
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teams’ members. In this model, different functicas be considered to improve the efficiency of the
algorithm or to maximize total weight left. Impravents in the algorithm can be investigated in aréut
study.

3. Experimental Resultsand Data Analysis

A three-year (five semesters) teaching experimexst performed to test the team-building models,tand
study how gender differences affect project adésiand team performance.

3.1. Data collection

The research was conducted at a university withp#rticipation of 248 male and 79 femal&ygar

students studying in the Software and Computerrig®ging departments (a total of 67 project teams).
this study, two major software engineering coursgsftware Specification and Design and Princijlies
Software Engineering - were selected. Table 1 slibevslemographic information of the participantthwi
respect to RandomM, TeacherM, StudentsM and Praopbseam building models, and team compositions
based on gender. In the table, “Only M”, “Only FEM>#F" and “#F>=#M" denote the teams that include
only male members, only female members, more ntabesfemales, and more or equal females than
males, respectively. The data were gathered freendemesters of the SE courses taught in 2007-2008,
2008-2009 and 2009-2010 academic years for the Ism&mdomM, TeacherM, StudentsM and
ProposedM, respectively.

Table 1. Demographic information of the particigant

Team building model Students Project Teams (with male and female Higtdns)
Male Female Total Only M Only F #M>#F #F>=#M Total
RandomM 73 23 96 7 1 7 3 18
TeacherM 35 16 51 4 0 4 5 13
StudentsM 102 24 126 13 1 9 4 27
ProposedM 38 16 54 2 0 4 3 9
Total 248 79 327 26 2 24 15 67

3.2. Analysis of theresults

During five semesters, five SE course term projeaties were collected to evaluate the succes®of th
proposed model, effects of gender difference orptbgect activities, and team performance iderdifyy
Testl and Test2 respectively. The project gradee the combination of several project activities,
documentation, and team performance. A projectggisdalculated using the following components:

1. 30% of Meeting reports: Average score of a totdeafmeeting reports which should be
submitted every week after the project subjectsaasiggned.

2. 50% of Documentation: Project documentation sce@lculated using feasibility report, UML
diagrams, the document format and the document letem@ss and consistency.

3. 20% of Presentation: Each team must make an ceakptation at the end of the semester on its
project. The presentation score is calculated usiegentation style, presentation documents, and
guestions-answers about the project.

In addition, each team member must grade all teamlmers, including herself/himself individually
immediately after the presentations. Meanwhil@, student fails to grade teammates, a score of 180%
given to each team member, and the student whottagrade is given 0%. Using these self gradisglte
and the teacher’s observations, a contributiow fiatcalculated for each team member. To finalkze t
project grade of a student, the raw project scbtheoteam (30% of meeting reports + 50% of
documentation + 20% of presentation) is multipligthe student’s contribution ratio. Therefore raj@ct
grade reflects both the project activities andtdan’s performance impartially.

To analyze (Testl) the difference between the megoeam building model and the other models, one-
way variance analysis (ANOVA) and a comparison wadormed, and significance level was taken as
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5%. Table 2 demonstrates the ANOVA test resultheffirst test, the achievement test of the progose
model. Here, hypothesisHThere is an insignificant difference between niede

Table 2. Descriptive statistics of the resultstfa first test (Testl)

Models N total avg. variance
RandomM 18 1244.613 69.145 318.252
TeacherM 13 880.302 67.716 234.194
Studentsh 27 2213.41 81.97¢ 257.65!
ProposedM 9 788.482 87.609 34.388
Groups SS df MS F P F (criteria)
Between groups 3897.825 3 1299.275 5.387 0.002 12.75
Group inside 15194.73 63 241.18t

Total 19092.550 66

The ANOVA results F=5.387,p=0.002 < 0.05) show thatglit rejected, as it is obvious that there are
significant differences between models. Thereforéerms of project grades

(aVGroposed? @Vtudents@Vkandomv>@V0reacherr, the proposed model is a better model than therst and
it can be said that the proposed model is sucddsstfeiam building.

Furthermore, Table 3 demonstrates the one-way AN@sAresults of the second test (Test2). Here,
hypothesis Hlis that gender differences have little or no effatproject grades, project activities and team
performance.

Table 3. Descriptive statistics of the resultstfa second test (Test2)

Groups N total avg variance

Only M 26 2008.569 77.253 290.783
Only F 2 177.740 88.870 18.850
#M>#F 24 1748.923 72.872 357.512
#F>=#M 15 1191.576 79.438 201.083
Groups SS df MS F P F (criteria)
Between groups 766.187 3 255.396 0.878 0.457 2.751
Group inside 18326.370 63 290.895

Total 19092.550 66

The one-way ANOVA results for testing the effecigehder differences on project grades@.878,

p=0.457 > 0.05) shows thaiyk$ accepted, and gender differences do not impapraject grades, project
activities and team performance. In the experinesttaly, the percentage of female students wa24.1
(79/327). Because of this low percentage, there\hess “#F>=#M" teams than “#M>#F" teams, and only
two “Only F” teams. Therefore, the results woulddiféerent if the percentage of females were higher
fact, low percentage of females in engineering etiao is a common problem of almost all countries,
especially in developing and underdeveloped coem{iBouville, 2008; Zengin-Arslan, 2002).

4, Discussions and Conclusion

Experimental results show that the proposed madelgratifying model for team building processes fo
term projects of fundamental software engineerimgrses. Another meaningful result of the studyat t
the gender difference is insignificant on projeativaties and team performance.

This study considered not only a measurable factarprojects’ grades), but also a number of défife
factors which may affect the performance of thenggproject activities, and students’ skills. Aitbese
factors and their effects on the related subjeetgiven in Table 4, and the models are compared
according to several factors using a five-levelesof appropriateness (1 for very good and 5 foy \ad).



Table 4. The factors and their effects on the tbailding processes (1 very good to 5 very bad)

Factor description RandomM  TeacherM  SudentsM  ProposedM
Objections to team membe 5 4 1 1
Restiveness in teams 4 3 2 2
Time requirement for the team building process 1 3 5 2
Correspondence with meeting schedule 3 2 2 2
Project completion on time 2 2 2 1
Project appropriateness to course goal 3 3 2 2

Total 18 17 14 10

The observations show thatoposedM andSudentsM models are the best models for minimizing of
students’ objections about team structures. It¢laeher builds the teams or teams are built rangdahik
can lead to continuous student complaints. Thegetbis may lead to an uncomfortable project
environment, and it may decrease the team perfaeduilding teams randomly would be the best
choice for a teacher with very limited time to louiroject teams; (actually it takes approximatelg f
minutes using student list). Remaining factors'resare similar to all models with small differesce
Finally, the results highlight the fair that theposed model is the most successful model in tefmsany
factors that may affect the team performance, pt@etivities and students’ skills.

Although test results show that gender differeri@se no overall effect on team performance dutirg t
semesters that the experimental studies were ctediie number of distinct effects of gender diffees
have been observed as follows;

The teams with more female members had less cotiopdbetween team members.

Homogenous teams were the problem free teamsnrstef gender structure, thus no group
problems were noticed.

3. While the females were very successful in negatigtiand interviews with clients, the males were
more successful in the completion of the projeciutoents and related UML diagrams.

1.
2.

In addition, there are a number of lessons leadugithg the experimental study period. Although keilly,

it is possible for teams to have floater studefithough several teams with a homogeneous structure
mentioned nothing about group problems during gmeester, the team members awarded each other very
low scores; perhaps because rather than diredtigize their friends, they prefer to express tHeglings

by awarding them a low score. In fact, contributiatio implementation appears to be a solution for
determining which students were floaters. Neveedgl building heterogeneous teams is strongly
recommended, and gender should be consideredeas parameter for team building algorithms as a
future study.

Furthermore, highly consistent teams may show hayly performance in term project studies. However,
students should be strongly motivated and highiljeskat problematic circumstances, and they have t
learn how to handle difficulties they will facetimeir future; thus teams should not necessarily be
comprised of completely compatible team membersudly, it is observed that the proposed model
helped to build these kinds of teams, since thdestis (proposers) could not prioritize all of tHeiends
with the same preference level, and the teamsdatithnlude more than two students at the highest
preference level.

The experimental results show that for team bugdhre proposed model presented in this paper isra m
effective model than the other models (RandomMd&ttsM and TeacherM). Although it may not be the
most suitable team building model for all typegadject, it enables very fast, reliable and rekdinair
team building for software engineering course tprojects. In addition, the model can be easily
implemented for all types of courses in educatioa t its simple and understandable design, atehite
improved by discovering new merging functions algghathms, which can be studied in the future. Team
building is not the only issue for the SE coursggrts, so a number of complementary tools, teduies

or education styles can be considered to improgg¢gms’ performance and project activities, such a
web-based project monitoring and a comprehensieéfpo project subjects.
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