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Abstract 

Pulse of the Profession, published by Project Management Institutes (2017), reported that failed projects always 
lacked (a) 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 functional 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 “Marginal”—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) personal skill sets results; 4) recommended skill sets improvements. The 
relationship between those indicators and practical roles was examined as analytical 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 a task in mind and when he/she is willing 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 completed.  

The simple interaction of collaborative experiences is shown in Figure 1. 
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H. W. Kuhn (1995) solved the assignment problem in a polynomial. For example, a non-negative m x n matrix, 
where the ith row and jth column element represents qualification value of a role assigned the jth job to the ith 
member. Assignment of jobs to team members needs to be based on having maximum qualification values. The 
algorithm of bipartite graphs is 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 ∪ T) → 	ℝ is a potential if y(i) + y(j) <= v (i,j) for each i ∈ S, j ∈ T. Then, the value of potential y is ∑ ∈ ∪ . Kuhn’s method can find a perfect matching and a potential with an equal value that proves the 
optimality of both. 

2.1 The Mathematical Models of Teamwork Performance 

2.1.1 Problem Definitions 

Definition 0 (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, ∑ − 1  is a possible option to 
complete the project.  

Definition 1 (Identification of Object): O::=<Oid, 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 the role set Ga, i, i1, i2…that denotes the group characteristics like j, j1, j2,…..to jn. 

Definition 3 (Formation with group characteristics): A qualification matrix Q (refer to training interest in Table 
1) is an m x n matrix, where Q[i,j]∈[0,1] expresses the value of role i ∈ N (0 ≤ i ≤ m). For the group of 
characteristics defined as j ∈ 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 x n) matrix, where 
RA[i,j] ∈ [0,1] (0 ≤ i ≤ m, 0≤ j ≤ n), denotes whether role i 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 a task T = {t1, t2, t3, …..,tn} and each of role R ∈ Tn . 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 Ts are assigned to roles like 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 ∑ ,  subject to the constraints; 

ti(xi,yi)+yi = yi+1,   i=1,2,…….n 

gi (xj) <=0,    j=1,2,…….n  

hi (yj) <=0,    k=1,2,……n  

where xi is the ith control variable, yi is the ith control variable such as the group size and task interdependence. 
Also, both xi and yi are control variables, and fi is the contribution of the ith stage to the total objective functions; 
ti gj and hi are functions of xj, yk and xi and yi, 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); Tnw is the new task assignment after ongoing improvement from training. So, 
it will have Ga, Os ∈ Tnw. The new assignment, as ∑ 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 = ∑ ∑ ∗ ∗ ∗ , where W is weight and X is input as in 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 (mn1, mn2, mn3…, mnn) subject to ∑ ≤ 1 So, Xi ≥ 0 ∀i ∈ {1, 2, 3, …, n}. 

Definition 9 (Group Performance Review): Individual performance σ0 is defined as the sum of the task 
performances σ0= ∑ ∑ . So, group performance is Z = σ0* ∑ .  

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

Assume the total number 
of project stages is 6 

The group performance 
Z = σ0* ∑  

The possible combination of team members 
corresponding to the group performance indicator 
(assume three members with independent tasks 
assigned in each stage) 

1 91.3/100 A B C  

2 92.2/100 B C A 

3 93.0/100 C B A 

4 93.5/100 C A B 

5 92.5/100 B A C 

6 91.4/100 A C B 

 

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

Definition 10 (Determined Next Stage Performance): The next stage performance σ1 is defined as the sum of the 
task performance σ1= ∑ ∑ . So, the next stage team performance is  

Zσ = Z + σ1* ∑ .  

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 |Gs| and |Ga| as its input and having to do with a 
qualification matrix Q to express the role i ∈ N (0 ≤ i ≤ m). 

Step 2—Role Assignment 

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

Step 3—Task Assignment 

Given a task T = {t1, t2, t3, …., tn} and each of role R ∈ Tn . 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 ∑ ,  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 ∑ 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 
(Consolidation/Report Writer) 

Position - 
Team Member (Information 
Seeker/Program Design) 

Position - Team Member 
(Program Design/Development)

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. The initial training plan (Role assignment = RA) 

Member Position - Leader Position - Team Member 
(Consolidation/Report Writer) 

Position - 
Team Member (Information 
Seeker/Program Design) 

Position - Team Member 
(Program Design/Development)

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 
proofreading skills 

Poor 
Satisfactory
Good 
Very Good 
Excellent 

English 
Interpersonal/ 
Communication 
Leadership 
Creativity 
Technologically 
Savvy 
Logical 
 

Action 
Task 
Social 

Good 
Pass 
Marginal 
 

Imagination and creative reasoning  
Able to work with others 
Continuously update personal skills and knowledge 
Able to accept responsibility  
Effective and on time contributions 
Able to understand and solve complex problems 
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 methodology 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 = ∑ ∑ ∗ ∗ ∗ , where W is weight and X is as entered 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 least one task. 

2.2) Each project requires a set of skills.  

3) There is limited time for each project. 
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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 IT 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 a model. Two-third of them were the training set, and the rest of them were the testing 
set.  The testing 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 

 

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, 
leadership, 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 calculate 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 procedural 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. 

 

Academic Year/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 
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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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Notes 

Note 1. GA is covered at αG.  
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