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Abstract

Pulse of the Profession, published by Project Management Institutes (2017), reported that failed projects always
lacked (@) clearly defined objectives to measure progress and (b) poor communication between team members.
Minimizing communication costs and maximizing trust levels are essential to improve the efficiency of team
performance. This study’s objectives required including how to formulate the problem and design the theoretical
framework. The approach used involved a five-step team formation model with related definitions, including
initial team forming, depending on group size, team agreement, role assignment, and team performance. The
Predicting Teamwork Performance (PTPA) system was developed to help identify the functiona roles of each
member automatically. Role assignment provided a strong positive effect on team projects, while the role
identification mechanism can assign team members responsibilities for some role(s) to enable learning.
Self-assessment was used to identify team members' strengths and weaknesses so that team leaders could easily
recognize suitable types of roles for each member. Three primary team performance indicators—"Good”, “ Pass”
and “Margina”—were reflected in the teamwork collaboration outcomes. The Predicting Teamwork
Performance system reveals information about those outcomes through 1) individual performance indicator; 2)
teamwork performance indicator; 3) persona skill sets results; 4) recommended skill sets improvements. The
relationship between those indicators and practical roles was examined as anaytical information for further
project team formation.

Keywords:. prediction teamwork performance, collaborative learning, project-based learning
1. Introduction and Background

Collaboration is an everyday activity in commercial enterprises for an individual to contribute knowledge and
skills when qualifying for a new position. Good collaboration can foster project productivity. Collaborative
learning can be part of team formation when a person has atask in mind and when he/she iswilling to learn from
others and contribute to forming a team to accomplish goal(s) effectively. Team projects are often essential for
achieving project goals. For instance, a person collaborates with people in a virtual environment. The virtual
team always happens in social dialogue. They aim to apply technological methods in real-life applications.
GitHub is one example. The maximization of productive collaborations is still virtually unexplored, however.
According to Abramowicz et al. (2003) collaboration can be more efficient than individual work by promoting
creativity. Their analyses mentioned the significance of grouping people together into cooperative work teams.

1.1 The Interaction of Collaboration

Group support systems have the potential to encourage peers to construct or share knowledge and illustrate the
importance of team development, such as in a group support system (GSS) that is a group of people who
collaborate to work on complex decision making. The cooperative tasks mean participants agree on
responsibilities and distribute those tasks across the group members who work independently until the assigned
tasks have been compl eted.

The simpleinteraction of collaborative experiencesis shown in Figure 1.
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Figure 1. Interactions of collaborative experience

As Jain et a. (1996) stated, the question of how to maximize productive collaborations by manipulating role
assignments and configuring teams is till largely unexplored. Therefore, thisis a crucia consideration for team
formulation. Wang and Zhang (2015) stated that the decision makers set sights on team formation that optimally
determines their roles for ateam project, team formation can be divided into a 5-step process.

A business journal article by Benoit (2012) mentioned an investigation by Pricewaterhouse Coopers about a
review of company projects. They found 10,640 projects among 200 companies in 30 countries, in which “only
2.5% of the companies completed 100% of their IT projects’. Additionally, by looking at the Harvard Business
Review, they illustrated that IT projects budgets tended to be 27% higher than the initia estimate. These
statistics alone suggest that the cost of the project and the reason(s) for project failure need attention. According
to Lappas et a. (2009), bottleneck edge cost is a cost function defining the minimum bottleneck cost of a pair of
users. These cost models describe the properties of ateam. A high collaboration cost will lead the team to reduce
productivity to each member’s need to know, his or her role assignment, and the specification of team and
negotiation instruments. In doing so, each team member needs to know their roles to make collaboration more
productive. As a matter of fact:

1) Each team member encounters many unforeseen problems, such as misunderstanding the ideas between
team members and unsatisfactory communication. Individuals gain knowledge and skills by
investigating complex questions or exploring real-world problems and challenges (Hmelo-Silver, 2003)

2) How to create a new business model about how the team contributes is a challenge.

To resolve this issue, a teamwork formation model and a role assignment notion were developed to investigate
task assignments in team projects. As a conseguence, this study explores the following objective.

e Prediction of team members performance with task assignments in the project stage.

The first stage of a project starts with an initial team formation stage. The second stage of a project develops a
team with a project review. The first phase occurs before the project starts, and the performance review is
conducted in the final stage of the project.

1.2 The General Conditions for Teamwork and Teamwork Performance

Dafoulas and Macaulay (2001) indicated that role assignment and reassignment arise during collaboration in
different stages of projects according to a group’s needs. A study by Stone and Veloso (1999), however,
examined how role transfer can lead to formation change in a group of individuals working together. They
applied their method to a robot soccer team and obtained an important result. The study was extended in Bowers
et a. (2000) and Cannon-Bowers et al. (1997) focusing on team competencies to develop the five-step model,
skills model, and trust direction algorithm. As afinal point, the vital conditions of team performance are that all
team members should have a clear position in a team, and their task assignments should not be ambiguous and
conflict with the project goal. The success of task assignments would benefit team members and enable members
to work together successfully.

2. Group Role Assignment (GRA) Problem

In this section, the mathematical model about the group role assignment problem (GRA) from H. Zhu et a.
(2016, 2009) and M. Zhou (2006) is applied in this study. They identified how role negotiation, assignment and
performance led to efficient collaboration among members. From H. Zhu et a. (2016, 2009), the 3-roles
formation yields the best group performance. Thus, the assumption about group performance is expressed Ly the
sum of individual performancevalues Y,;_; T that selects essential roles.
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H. W. Kuhn (1995) solved the assignment problem in a polynomial. For example, a non-negative m , n matrix,
where the i row and j™ column element represents qualification value of a role assigned the j" job to the i
member. Assignment of jobs to team members needs to be based on having maximum qualification values. The
algorithm of bipartite graphsis G = (S, T; E) with n member vertices (S) and n job vertices (T). Each edge has a
non-negative value v(i,j) to find the perfect matching with maximum qualification value. Let the function y: (S
U T) - R is a potential if y(i) + y(j) <= v (i,j) for eachi € S, j € T. Then, the value of potentia y is
Yvesur Y(v). Kuhn's method can find a perfect matching and a potential with an egual value that proves the
optimality of both.

2.1 The Mathematical Models of Teamwork Performance
2.1.1 Problem Definitions

Definition O (Identification of project): P::=<Sstage, Ot>, where Sstage is the project precedence relationship
and is sequential, which means that project decomposes into smaller sequential phases. Ot is the overall time the
project took to finish. In general, the potential sequent phases, n, then, Y7} (n — 1,) is a possible option to
complete the project.

Definition 1 (Identification of Object): O::=<Qid, Os>, where, Oid identifies the object, Os is a data structure,
those values are attributes, the properties of objects stated in Table 1.

Definition 2 (Group Size and Capability): Non-negative integers |Gs| express a group size, Gs and |Ga
explicates the group ability of therole set Ga, i, iy, i,...that denotes the group characteristicslikej, ji, j2,.....t0 jn.

Definition 3 (Formation with group characteristics): A qualification matrix Q (refer to training interest in Table
1) is an m 4 n matrix, where Q[i,j]€[0,1] expresses the value of rolei € N (0 < i < m). For the group of
characteristics defined asj € N (0< j < n), Q[i,j] = 0 indicates the lowest value and 1 indicates the highest.
Note: N is non-negative integers.

Definition 4 (Role Assignment): A role assignment matrix RA, which is defined as an (m , n) matrix, where
RATi,j] € [0,1] (0 < i < m,0< j < n), denotes whether rolei is assigned to the characteristics of group j or
not. RA [i,j]=1 means assigned and 0 means not assigned (refer to Table 2).

Definition 5 (Task Assignment): Given atask T = {ty, t,, ts, .....,t;} and each of role R € T, Each role is
assigned the tasks in each stage of the project (refer to assumption 4). The maximum number of tasks assigned to
R and all Tsare assigned to roleslike Tn > R. The same sets of roles persist in the stages of the project, and task
assigning is step-3 in the team formation model.

Definition 6 (Task Performance): Minimizing underperformance is necessary in the project stages. The problem
can be stated as X, which minimizes Y.7_, fi(xi, yi) subject to the constraints;

t(XiYDHYi = Visw i=1,2,....... n
gi (%)) <=0, i=12,....... n
hi (y;) <=0, k=1,2,......n

where x;is the i control variable, y;is the i control variable such as the group size and task interdependence.
Also, both x; andy; are control variables, and f; is the contribution of the it stage to the total objective functions;
t; g; and h; are functions of x;, yi and x; and y;, respectively, and n is the number of stages.

Definition 7 (Re-assignment): A team member continues to improve from training or feedback. Os is a data
structure (defined in definition 1); T, is thenew task assignment after ongoing improvement from training. So,
it will have Ga, Os € T,,. The new assignment, as Y'7_, Tnw , means that every role has some new tasks
within the group.

Definition 8 (Determined Initial Stage Performance): A group is defined as the sum of the assigned roles' value

as F(o) = Xt Xisg(Wm = Xm) » (Wn = Xn), where W isweight and X isinput asin Table 1. The weight Wm

is a coefficient that determines the strength values between two nodes. The result from the multiplication is

summed and passes through a transfer function that maps the inputs into the range of 0 to 1. In such, maximization

of W(m*n) is needed and the problem of team performance is maxW (mn;, mn;, mns..., mn,) subject to
MmWnm<1So X >0V, € {1,2,3,...,n}.

Definition 9 (Group Performance Review): Individua performance o, is defined as the sum of the task
performances o= Y-, Xj2 . So, group performanceisZ = og* Y32y Wnm.

Teamwork performance may be adjusted by the team formation.
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For instance,

Assumethetotal number | The group performance | The possible combination of team members

of project stagesis6 Z=0c¢" Yp2yWnm corresponding to the group performance indicator
(assume three members with independent tasks
assigned in each stage)

1 91.3/100 ABC
2 92.2/100 BCA
3 93.0/100 CBA
4 93.5/100 CAB
5 92.5/100 BAC
6 91.4/100 ACB

From the above example, the best performance indicator is 93.5. Team performance is expressed by the sum of
individual performance valuesthat is defined in definition 10.

Definition 10 (Determined Next Stage Performance): The next stage performance o; is defined as the sum of the
task performanceo;= Yi_; XY . So, the next stage team performanceis

Zo=Z+o* Y% Wnm.

2.1.2 Theoretical Framework: The Five-Step Team Formation

According to Williams et al. (1991) theory, an individual achieving goals that are related to a team project’s
timely completion and quality is likely unfair. Individual assessments should correspond to each member’'s
minutes spent and materials produced. The proposed five-step team formation model references GRA, and the
following shows the theoretical steps.

Step 1—Initialization

The group size and capability with non-negative integers |G| and |Ga| as its input and having to do with a
qualification matrix Q to expresstherolei € N(0 < i < m).

Step 2—Role Assignment

A role assignment matrix RA, which is defined as an m , n matrix, where RATi,j] € [0,1]] (0 < i < m,0< |
< n), denotes whether role i is assigned to the group j or not. RA [i,j]=1 means assigned and O means not
assigned (refer to Table 2). The same sets of roles persist in the stages of the project.

Step 3—Task Assignment

Given atask T = {ty, tp, t3, ...., t;} and each of role R € T, Each role is assigned a task in each stage of the
project (refer to assumption 4). The maximum number of tasks assigned to R and all Ts are assigned to roles like
Tn > R. The same sets of roles persist in the project stages, and task assigning is step-3 in the team formation
model.

Step 4—Task Performance

Underperformance is minimized in the project’s stages. The problem can be stated as X, which minimizes

T fi(xi,yi) subject to the constraints in definition 6. In the direction of the communication cost algorithm, it
can find the minimum communication cost and discover the probability of the communication node so that
finding the trusted ratio is according to the trusted direction algorithm and estimate of task performance.

Step 5—Re-Assignment

A new assignment, as Y._, Tnw, is made based on higher communication cost and performance review after the
initial stages (Refer to definition 8 and 9). This means that every role must have some new tasks within the team.
For that reason, the team should be more productive than they would normally be in a typical environment, so
the process returns to definition 7.

Step 6—End of Stage

Definition 8 to 10 stated that task performances are highly dependent on the definition of 4 to 8 various
conditions. The five-step team formation model repeats steps 2 to 5 until no further improvement can be found,
and then it returns the result.
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Table 1. The training interests (Qualification Values = Q)

Member  Position - Leader  Position - Team Member Position - Position - Team Member
(Consolidation/Report Writer) Team Member (Information (Program Design/Development)
Seeker/Program Design)

A 0.33 0.67 0.51 0.86
B 0.02 0.14 0.71 0.73
C 0.22 0.79 0.04 0.53

Table 2. Theinitia training plan (Role assignment = RA)

Member  Position - Leader  Position - Team Member Position - Position - Team Member
(Consolidation/Report Writer) Team Member (Information (Program Design/Development)
Seeker/Program Design)

A 1 0 0 1
B 0 0 1 0
C 0 1 0 0

Table 3 shows the input attributes among the general project tasks and expected output

Table 3. The descriptions of the input attributes, weighting, skill sets, roles, and indicators

Input Parameters Weighting  Skill Sets Role Assignment  Prediction Performance
Indicator

Good at oral & written communication skills and Poor English Action Good

proofreading skills Satisfactory  Interpersonal/ Task Pass

Imagination and creative reasoning Good Communication Socia Marginal

Able to work with others Very Good  Leadership

Continuously update personal skills and knowledge Excellent Creativity

Able to accept responsibility Technologicaly

Effective and on time contributions Savvy

Able to understand and solve complex problems Logica

Think flexibly and have a personal sense of challenge
(i.e. having new perspectives on problems)
Organizing knowledge about analytical problems &
solving using essential techniques

Good at thinking logically and analytically in the
problem solving environment

Able to work independently

Good at controlling concurrent problems and solutions
Proposed methodol ogy to achieve the project
specifications

Accepting criticism gracefully

Following the above theoretical framework, the individual performance data are collected from the academic
results, past project scores and rubric sets on the Blackboard. After collecting all the data, a classification of data
is required for developing the training set. It then repeats the classification using cross-validation if there is high
over-fitting. In the context of definition 8, a group defined the sum of the assigned roles' qualifications as
F(0) = Xt Xiss(Wm = Xm) » (Wn = Xn), where W isweight and X is asentered in Table 1.

2.1.3 Five-Step Modelling and Assumptions
The following are the assumptions of the proposed model:
1) Each member is represented as a node
2) Each member is assigned tasks before starting the project.
2.1) Each member is assigned at |east one task.
2.2) Each project requires a set of skills.
3) Thereislimited time for each project.
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4) A team allocates tasks as E; at the beginning of the project.

4.1) The contribution of the team member to team C(E,) is assumed to be adjusted at the middle stage of a
project, which isrepresented by binary Ei-vector, X = (Xg, Xz, X3, ..., Xn), iInwhich x; = 1 meansthat each member
has a minimum of one task. The exampleislike 1 = task assigned, 0 = no task assigned,

1%t stage

5) Thelevels of task interdependence in the stages of the project are
Mutual (highly interdependent): 1< 2< 3 (task interdependence within the team)
Sequentia (medium interdependence): 1->2->3 (linked task within the team)

Collection (lower interdependence): Resource to !

(collective tasks within the team)

2%

2

5.1) The minimum contributions of ateam member are shown by min (x,) = (0 <= min (x,) <= 1) in each stage
of the project.

5.2) The maximum contributions of ateam member are shown by max (x,,) = (0 <= max (X,) <= 1) in each stage
of the project.

5.3) A local maximum x* like the interval of maximum contributions is (x,) = (0 <= max (x,) <= 1)) of the
whole team members whose performance is greater than or equal to al its neighbors.

6) Assume assigned tasks are static in the 1% stage.

7) Assume a is positive communication between a pair of members

7.1) if a iscloseto 0, the original team formation structure will be mostly preserved
7.2) if a iscloseto 1, anew target member will be constructed.

8) All nodes must know their role assignment within the team.

9) No negative communication paths.

10) A “Free-rider” may be considered within the team.

With the above assumptions, the proposed five-step team formation model becomes

1)

2)

3)

Forming. People discuss the project. The group tries to reach agreement(s) and then consolidate the
agreements. For example, a group has three members (refer to Table 1), which can be expressed as O;.....Os.
Each group has an identification as Oid, and Osthat is a data structure; those values are attributes O::=<0id,
Os>, the properties of the groups are stated in Table 1. Members start to rely on collaboration such that each
member is doing only onetask | T | >= 1.

Storming. A member needs to have a sensitive response to the burdens of the project after consolidating
the agreements. On the topic of James et al.’s (1993) within-group agreement, rwe(y Was toward the group
variance in scale scores like s?2 ;- which means that rye = 1—(s§jla§). If an individual does not know exactly
how he/she is expected to perform due to unclear and abstractly-set expectations, there is intragroup
conflict. The corresponding situation in Table 1, B and C, have role conflict like both dealing with program
design, and assumed T % Tnw. A conflict is defined asm, n matrix A (A [i, i] € {0,1},0 < iy, i<m),
where A [iy, i) = 1 expresses that C i, conflicts with B i,. To solve this intragroup conflict, the number of
members must meet the requirement of | T | >=X77 T[j].

Assigning. Members need to exchange relevant information during the project period. Then, E; < 1 and
the requirements of the members are defined as Y7=) T[j]. A member needs to improve the technical or
academic skillsas “S’ in responses from teachers as “F’. So, the new requirements of the members can be
defined as Z}‘;Ol T (S + F). It follows that the team members start to develop group cohesion.
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4) Performing. Each member needs to collaborate more productively than if they are working in a typical
environment. For example, in Table 1, 3-person team, the contributions of members A, B, and C as (Ca,
Car Cx) O (Coa Chpy Cie) O (Caey Coey Coo), the sum of al members is 1.0. If member “A” claims that
he/she has a high contribution (i.e. C5, = 0.8), the total contributions of other members is correspondingly
lower (i.e. Cyt Cy = 0.2). Hence, the productivity islower in the whole team.

The incentive design from Chiu et al., (2020) extends the free-rider concept to find the minimum contribution of
each team member. For example, as a 2-person team, member A’s contribution is G, the minimum contribution
of Ga =min[(Da/ ES) G, aG (Note 1), 100], where Da=Sa/(Sa + Sg) = member A’s contribution. Hence, share
S.may not sum to 1.0; ES = equa share = 0.5 for two members in the team; a = preset scaar >=1; and G =
overall project score. Thus, (DA/ES) is an estimated extent of member A’s contribution to G relative to equa
share ES. With the intention of D, and G,, three common situations in team projects are Dy > ES, Go> G, Da=0
and G,= 0 and D= ES and Ga= G. Thus, minimizing intragroup conflict as minimum (Z}?;(} T[j]) is possible as
each member needs to have the surfacing solutionsin the project activity.

5) Adjourning. All members retain responsibilities and rights in project activity. The calculation of the initial
stage performance to find the weight of the team performance is based on definition 8, which can be
caculated as F(o) = Y7L, YL (Wm + Xm) = (Wn * Xn), where W is weight and X isinput (refer to Table
1). After establishing the initial stage performance, the group performance is defined in definition 9 as Z = o¢*

= Wnm. All members accept the need to collaborate on tasks to finish the project with good results

3. Operational Proceduresand PTPA Framework

To achieve the accuracy of predictive model, this study used students academic records during the
pre-processing stage to extract features like English skills, leadership skills, communication skills, technological
savvy skills, logica skills, and hardware skills. The proposed framework for measuring and predicting
teamwork’s performance was developed. The training set of both source and target output needed to have
pre-processing processes such as cleansing, features encoding, and normalization of academic results. With these
features, clustering and then labelling the data are necessary to extract the strongest correlated indicators The
data with the strongest correlated indicators were used in different classification algorithms and then in finding
the most accurate model for predicting student performance in the project-based assignment. The figure shown
in Figure 2 was devel oped to measure and predict the teamwork's performance.

Students' records

\ Pre-processing Feature Student

> |

stuc.ients’ extraction performance
academic records quantification

User
Data S, Data 4\ \.E out U .
. i Student general uteome .
dlustering labeling Predicti ¥~ Team [H
iction

\ierformance / performance

Recommended model

'

Outcome matching

and team structure

Figure 2. The framework for measuring and predicting teamwork’ s performance
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Nearly 851 records were collected from three-team projects (each from one undergraduate program) related to
programming/technological, hardware development and generic I T study throughout three academic years. Then,
the subjects were mapped to the relevant skills as features for training the machine learning model. From those
records, two datasets were used for model formation and model analysis to answer the research questions. In
order to achieve the highest accuracy machine learning model in our dataset, we divided it into the training set
and testing set to build up amodel. Two-third of them were the training set, and the rest of them were the testing
set.  Thetesting set was to validate the model building, and data points in the training set are excluded from the
testing set.

3.1 Data Handling Context

The data handling and data collection sources from 16/17, 17/18, 18/19 and 19/20 academic years.

Table 4. Data summary

Academic Y ear/Subject code and name 2016/2017 2017/2018 2018/2019 2019/2020
EIE3120 - Network Technologies and Security - - 38 39
EIE3360 - Integrated Project 40 33 34 33
EIE3105 - Integrated Project -- 86 88 86
EIE3106 - Integrated Project -- 60 57 71
EIE2264 - Computer Programming - 78 71 78

According to the categories' skill set, labelling data for each task was done, and some complex data were found.
The data from the assessment form were input to separate excel files. Each record contains all members of a
team and the exact score of the whole team. The six categories (including English, communication, creativity,
|eadership, programming, logical) were used as the inputs for each member and each is represented by “0” or “1”
by calculating the workload areas satisfying at least half in the corresponding category. “0” represents that the
member does not have the skill, “1" represents that the member has the skill. The output is the underperformance,
which is represented by “0” or “1”. “0" represents that the member does not underperform, “1" represents that
the member underperforms. Normalization was employed to caculate the sub-scores to determine
underperformance and in pre-processing the dataset; for example, the normalized project report = project report
score/full project report score. The peer assessment score divided by the total peer assessment score normalizes
the peer assessment.

3.2 Role Descriptions

“Belbin’s Team Roles’ show that THREE roles achieve maximization of productive collaborations in universal,
technical, hardware and programming projects. From Gareth Bell (2013), Belbin claimed that teams that
accomplished their goals regularly mostly have a healthy mix of the various team roles. Therefore, a“ Task Role”
for members is to take on helpful information-seeking and enjoy being procedura technicians like recorder and
consolidator, or report writer or presenter. The “Social role” is the person who takes a leadership role within the
team, and that person can lead the group’s day-to-day activities. Every member on the team respects and listens
to the gatekeeper, observer, commentator, and harmonizer. The “Action role” is the last role suggested for
members who finish the tasks in time. For example, members get the right to work, such as extracting the best
possible solution from different sources, preparing the detail-oriented tasks, solving conflict among team
members, ensuring thorough completion, and putting ideas into action(s). To deal with the role categories above,
the skill mapping sets were designed below.
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skill rship skill vity skill

:al skill

Figure 3. Different skill sets associated with roles

Within the context of the skill sets to assign roles, students are qualified by their academic results to assign the
workload areas. They categorized data into the relation of each category and skill; that is, which belongs to
which category. For example, skills of “English’, “Creativity”, “Programming”, “Leadership”,
“Communication”, “Logica” could be assigned to 14 different taskslisted in Figure 4.

13,14

caunig anms ,

ers',
tions',

Figure 4. Role mapping using project tasks and skill sets

The calculation formula checks whether the sum of areas in a category is greater than or equal to haf of that
category’s total areas. The result is 1 when it is true; otherwise, it is 0. For example, if ateam member selected
areal, 2, 3, the weighting of each area and role calculation is shown in Figure 5.

Ari

Figure 5. Example for computation of therole
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Referring to Figure 4 for computing role assignment, the weightings of “Excellent”, “Very Good”, “Good”,
“ Satisfactory” and “Poor” were 100, 80, 60, 40 and 20 respectively. For instance, for the English skill mapged to
area ID 2 and 7, the score for English skill is 20/2 (total among English areas is 2) = 10. The highest score is
“Programming skill” for that member because a member only has programming skill and logical skill provided
and the total score is 76.67. Therefore, he/she is assigned an “Action Role” (the action role included skill ID 4, 5
and 6).

3.3 Environment Setup

To utilize the provisiona dataset, the attributes' values were changed and normalized into ranges [0,1] with a
scale [1-5] before feeding them into the classification models. The “ Anaconda’ integrated devel opment platform,
which was used to visualize the dataset and analyze the attributes, was aso used to train the machine learning
model with different algorithms and evaluate them to select the most accurate algorithms. The Python language,
Jupyter notebook application, and sci-kit learn library were installed for data analysis and visualization. Sharma
et a., (2015) declared that Linear Discriminant Analysis (LDA) is efficient in dealing with small datasets.
Additionally, the Multilayer Perceptron (MLP) algorithm, the Support Vector Machine (SVM) algorithm, Naive
Bayes (NB) and K Nearest Neighbour (KNN) algorithms were considered to train machine learning model. The
teamwork-performance prediction system (PTPA) was developed to deploy the model and and display the
teamwork performance with performance indicators like Good, Pass and Marginal.  Also, the PTPA was behind
the web application firewall, a specific application firewall that prevents exploiting web vulnerabilities. The
system runs on the virtual machine and is open for clients from the internet and campus network.

3.3.1 High-Performance Computing Platform Structure

The web interface distributes the project tasks for the team project and collects the data for model creation. The
PHP Laravel framework is used as the front-end portal to manage the team members' responses, which is part of
the input of the teamwork-performance prediction system. The web application runs on a Virtual Machine hosted
by University Information Technology Services Centre. The server was created using docker and Nginx.
Dockerize is a web application to make sure the web application could run anywhere. Then, docker and
docker-compose were installed on the Virtual Machine hosted by University Information Technology Services
Centre, and the web application was deployed using git.

3.4 The Teamwork Performance Prediction System

The visual composition was separated into user view and administrator view. The objective was to enhance
efficiency and perform essential functions between students and teachers. In the user view, each team member
needs to complete two surveys. The first survey is self-assessment (see Figure 6), which encourages the team
members to examine their skills. This process assists in project role assignment.

Figure 6. The self-assessment layout of the teamwork-performance prediction system

The peer assessment survey needs to be completed after the project ends. An optional feature of PTPA dlows
team members to form groups themselves, and to choose their group members after clicking the confirm button

113



jel.ccsenet.org Journal of Education and Learning Vol. 10, No. 4; 2021

(see Figure 7). The peer assessment survey provides a structured learning process for teammates to offer
feedback to each other on their work, by calculating the total workload distribution provided to expose the free
rider in the team project (see Figure 8). Moreover, the predicted performance indicator in group and individuals
would be displayed in table format. The skill categories evaluation results are also assessed by their teammates
(see Figure 9).

The recommendation skill sets illustration for different natures of the team project is displayed. In Figure 9,
recommended improvements are provided for use if the rating of a specific skill is below “Good”. The purpose

of this arrangement is to help underperforming teammates follow the recommended improvements to improve
their skills.

Figure 7. Forming group layout of the teamwork-performance prediction system

Figure 8. The final assessment layout of the teamwork-performance prediction system

Figure 9. The prediction and assessment results of the teamwork-performance prediction system

4. Resear ch Findings

Descriptive statistics are provided in this study. The online user acceptance survey was administered to
participating students at the end of the semester. The survey asked students to check the box that best described
their observations, the notation being Strongly disagree = 1, Disagree = 2 (tend to disagree more than not),
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Disagree = 3, Agree = 4, Agree = 5 (tend to be more agreeable), Strongly agree = 6 and Not applicable = 0. The
19 questions comprised four aspects. learning patterns, teamwork cooperation, learning motivation, and skill
diversity to achieve the learning outcomes for their programmes. Over 50% of students recognized that the
PTPA system helped them complete the project learning outcomes and agreed that the PTPA system improved
their learning patterns and understanding of their strengths and weaknesses (see Figure 10).

Figure 10. The survey results about the project learning outcomes

The teamwork cooperation element is one of the significant components. Many students actively use the PTPA
system to accommodate their team members and understand the project workload distributions. For example,
around 60% of students agreed that the PTPA system helped them cooperate with team members effectively and
distributed the workload appropriately (see Figure 11).

Figure 11. The survey results about the teamwork cooperation

More than 50% of students admitted the PTPA system helped them understand the project requirements and
motivated them to learn further. Also, many students started to visualize their future development plan (see
Figure 12).

Figure 12. The survey results about the learning motivation
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5. Conclusion

A five-step team formation model was developed to analyze teamwork performance. Referring to the
preliminary analysis, the results show that the model is adequate and the relationship between the procedures of
PTPA system, skills and role assignments can resolve team conflicts and develop reliable relationships between
teamwork and teamwork formation. This study highlights vital aspects of successful project management.
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