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Abstract: One of the important elements in building effective teamwork is team leader selection. In a team, 

leadership is the most significant role which contributes to the success of a software project. During team 

leader selection, there are several criteria that should be considered for decision makers. With regard to 

this problem, selecting team leader can be considered as Multi Criteria Decision Making (MCDM) problem. 

One of the most popular techniques of MCDM that can be employed in selecting the suitable team leader is 

Analytical Hierarchy Process (AHP). AHP techniques consists of three key principles which are hierarchy 

framework, priority analysis and consistency verification. Thus, this paper presents AHP steps to select 

suitable team leader based on four criteria which are personality type, academic achievement, teamwork 

experience, and previous programming grade. Result illustrates that AHP technique can assist decision 

maker to effectively evaluate the alternatives in order to select suitable team leader, particularly for 

Software Engineering (SE) education community.  

 
Key words: Multi criteria decision making, analytical hierarchy process, team performance, team leader 
selection. 

 
 

1. Introduction 

Currently, research of teamwork in software engineering education field is becoming more prevalent 

because software projects are mostly developed in teams [1]. In fact, more researchers in Software 

Engineering (SE) gaining interest to research on teamwork [2]-[4]. This is because majority of SE classes 

requires students to work in a team. Working in a team is a challenging task because members need to 

accommodate the differences of background among the team members. Therefore, teamwork problem has 

been claimed to be the main factors that lead to software project failure [5], [6].  

Selecting the right team members in team especially the team leader is central to team success [7]. Thus, 

the team leader selection is the first task to carry out in order to make sure successful team performance. 

Past research has shown that the team leader plays an important role in the success or failure of the team 

[5], [8], [9]. The selecting of capable team leader can help teams develop manageable directions and unique 

patterns of workflow which may save time and diminish different cultural perceptions among team 

members [10]. In addition, Zaccaro, Rittman and Marks [11], argued that the success of the leader in 

defining team directions and organizing the team to maximize progress significantly contributes to team 

effectiveness. 

Rutherfoord [12], defined a team leader as a person who combines the team together, mediates 

disagreements, presides at meetings, as well as interfaces with other parts of the organization. In a study 
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conducted by Palmer and Summers [13], it showed that the leadership in undergraduate engineering design 

teams is critical for the performance of each team. Also they stated that the wrong formation of students in 

a group can affect other attributes such as communication, confidence, as well as project outcome. 

During team leader selection, there are several criteria that should be considered for decision makers to 

select which criteria that suit into which team. With regard to this problem, selecting team leader can be 

considered as Multi Criteria Decision Making (MCDM) problem whereby many criteria should be 

considered in decision making. MCDM is a discipline aimed at supporting decision makers who are faced 

with making numerous and conflicting evaluations [14].  

One of the most popular techniques of MCDM is Analytical Hierarchical Process (AHP) technique [15]. 

AHP is most widely used technique in decision making due to its promising accuracy, simplicity, theoretical 

robustness, ability to handle both qualitative and quantitative criteria, and more importantly, its ability to 

measure the consistency of  judgment of respondents, It is basically a suitable way for understanding 

complex problem by using a hierarchical structure [16, [17], [18]. 

Gibney and  Shang [19], pointed out that the AHP technique provides an effective and convenient tool 

for evaluating personnel and must be incorporated into personnel selection processes in academia field.  

AHP is a methodology with the broad usage that allows interaction and feedback in multiple criteria 

decision making systems. It takes into account of quantitative as well as qualitative methods, it combines 

these two into an empirical enquiry [16], [17], [20]. This uses a qualitative approach for decomposing 

unstructured issues into a systematic decision hierarchy. From the quantitative angle, this employs a pair 

wise comparison for executing the consistency test for validating the responses. 

AHP has diverse applications, Vaidya and Kumar [21], provided a detailed literature review on AHP 

applications, over 150 applications were categorized in their study. Categories were identified on the basis 

of themes as well as the areas of applications. Ho [22], reviewed the applications of integrated AHP in a 

similar way, use of AHP combined with other techniques including SWOT, Mathematical Programming and 

Data Envelopment Analysis between the years 1996-2007. All of these show how versatile and capable AHP 

is in the decision making process [23]. AHP have been implemented in most of applications related to 

decision making and is currently used in the subject of evaluation and selection especially in the area of 

personal, engineering and education [21]. 

Some applications of AHP in selecting of alternatives for various purposes such as, AHP used in dean 

selection process in academic field [19]. Garoma and Diriba [24], describe an application of AHP for 

supplier selection in the banking industry.  AHP was also employed for selecting the suitable leadership 

style [18].  

This study was focused on the combination of four criteria which are personality type, teamwork 

experience, academic achievement and previous programming grade in selecting the most suitable team 

leader in educational group project because these four criteria can be measured quantitatively which one is 

the best and can effect on teamwork performance. 

Past research has shown that personality types have an impact on team performance [25,26,27]. Omar, 

Syed-Abdullah and Hussin [28], added that the personality types play an important role in determining 

team performance in software engineering projects. Teamwork experience have significant effect on team 

performance [12], [20], [29]. Chen and Lin [20], added that teams with more experienced members perform 

better than those with less experienced members.  

Moreover, academic achievement play a significant role in determining team performance in software 

engineering projects [1]. In this study, academic achievement refers to prior Grade Point Average (GPA), it 

was chosen as one of software team leader selection criteria. On the other hand, Alkadi and Beaubouef [30], 

pointed out that the formation of team member especially team leader must have programming skills. 
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Furthermore, Tadayon [31], pointed out that the selection of team members in SE must include at least two 

strong programmers. In this study, the participants enrolled in Information Technology (IT) courses, and 

one of the important criteria to select team leader is previous programming grade. 

In sum, the combination of those four criteria which are personality type, teamwork experience, 

academic achievement and previous programming grade are able to determine effective team members and 

thus, effective team leader in educational group project.  

Hence, this paper discusses the AHP implementation in the area of team leader selection and describes 

the use of AHP in selecting the most suitable team leader based on certain criteria in educational group 

project teamwork. 

2. AHP Process in Selecting Team Leader 

Generally, AHP consisting of three key principles, firstly, hierarchy framework, secondly, priority analysis 

and finally, consistency verification [25]-[27]. In the beginning of AHP, the decision problem need to be 

formulated into suitable form of the hierarchical framework. It consist of three levels which are, top level 

represents the overall objective or goal, the middle level which represents the criteria and the final level 

representing the alternatives. 

Once a hierarchical framework is constructed, the users are requested to create a pair wise matrix at each 

level of hierarchy and then compare each element with the other by using the fundamental scale for pair 

wise comparisons as shown in Table 1. The nine point scale developed by Saaty [34] has been accepted by 

most experts as a very scientific and reasonable basis for comparing two alternatives [35]. 

 
Table 1. Scale for Pair-Wise Comparisons [34] 

 
 
The scale translates the pairwise comparative judgements into intensity of relative importance 

represented by numbers to assess the intensity of preference between two elements [34]. The judgements 

are entered using the numbers 1, 3, 5, 7, and 9 which correspond to the verbal judgements. The values of 2, 

4, 6 and 8 are intermediate values that can be used to indicate compromise values of importance between 

the five basic assessments. 

In order to determine the relative importance of criteria to select the suitable leader, data was obtained 

from direct questions by experts who are effectively involved in the decision problem. In this study, 

questionnaire for pairwise comparison proposed by Lee and Kim [36] was adapted. This questionnaire 

helpful to collect data in order to assign weight to the element of the decision hierarchy. 

Appendix shows questionnaire of pair wise comparison between four decision criteria, which are 1) 

personality, 2) academic achievement, 3) teamwork experience, and 4) previous programming grade that 

was considered in making selection decision of team leader.  
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According to Cheng and Li [37], it was observed that AHP approach is subjective methodology and that do 

not necessary involve large number of expert to participate in AHP process. While Saravanan and 

Mahendran [38], pointed out that consulting more experts will avoid bias that may be present when the 

judgments are considered from a single expert. 

Therefore, in this study five instructors in School of Computing (SOC), Universiti Utara Malaysia (UUM) 

were selected as the experts for the decision-making; the experts are responsible to evaluate the criteria 

with respect to their importance in achieving the overall goal. 

The data collect from alternatives by using questionnaire, so as to evaluate alternatives with respect to 

their strengths in achieving each of criteria. The respondents of the study are targeted for undergraduate 

students, School of Computing (SOC), Universiti Utara Malaysia (UUM).  

The three main principles of AHP can be elaborated by organizing them in a more comprehensive nine 

steps as described in Fig. 1 [39].  

 

 
Fig. 1. Steps of AHP adopted from [39]. 

 

  Step 1. Define the Problem 
The research focus to select team leader in educational group project teamwork. There are four main 

decision criteria and four candidates in group as shown in Fig. 2. Thus, the goal is to select the suitable team 

leader by using AHP technique. 

  Step 2. Develop a Hierarchical Framework 
The content and form of the hierarchy are depends on the needs and wants of the decision makers [34]. 

In this section, a hierarchy model for selecting the team leader using AHP technique is introduced. Fig. 2 

illustrates the three level of hierarchy for decision process for this study. 

Level 1 
In the beginning, the goal or overall objective of the decision is showing at the first level (the top) of the 

hierarchy as shown in Fig. 2. In particular, the overall goal is to select the most suitable team leader based 

on criteria. 
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Level 2  
The second level represents the main decision criteria that would consider in making selection decision 

of team leader. These criteria determined by emanating from the discussion of literature review. The 

criteria divided into four aspects: personality, academic achievement, teamwork experience, and previous 

programming grade. 

Level 3 
The final level of the hierarchy represents the alternatives which are the decision option. In this study, the 

alternatives are the team members in educational group project teamwork. Thus, the letters (A, B, C and D) 

refers to the alternatives (candidates) of team members as shown in Fig. 2. 

Step 3. Construct a Pair Wise Comparison Matrix 

One of the most strengths of AHP technique is use pair wise comparisons to derive priorities for each 

criteria and the alternatives [37], [40]. These matrixes consist of n columns and n rows; it is a square matrix 

(i.e. ‘A’ matrix) as shown in (1). Each element of the matrix represent the preference of the factor in row i to 

the factor in column j. All diagonal element in the matrix are (1). Also, all element in the lower triangle of 

the matrix can be calculated by aji =1 / aij as describe in (1). 

 

                              
1 . . . . . . . . . . . . . . . . . . . . .

1 / . . . . . . . . . . . . . . . . . . . . . . . . .
.................1.............

ij

ij

a

a
A

 
  
 

                             (1) 

 

The number of matrixes at each level depends on the number elements at that level of hierarchy and the 

order of the matrixes at every level depending on the number of elements at the lower level that it connects 

to. 

Step 4. Perform Judgment of Pair Wise Comparison 
The decision makers should compare each element with the other by using the fundamental scale for pair 

wise comparisons as shown in Table 1. Pair wise comparison starts with compare between two selected 

elements at same level to get relative importance between them. There are n (n-1)/2 judgments necessary 

for preparation a set of matrixes in step 3. 

To do pair wise comparison, for example as described in Table 2, if comparison between (Academic 

Achievement, Previous Programming Grade) and x= 3, it means academic achievement is three time more 

important than Previous Programming Grade. It is automatic that 1/3 or (0.33) is what one needs to use in 

the (Previous Programming Grade, academic achievement) position. 

 

Table 2. Pair Wise Comparison of Criteria 

Criteria
 

Personality
   Academic 

Achievement
 Teamwork 

Experience
 

Previous 

Programming 

Grade
 

Personality
 

1.00
 

4.00
 

3.00
 

7.00
 

Academic 

Achievement
 0.25

 
1.00

 
0.33

 
X= 3.00

 

Teamwork 

Experience
 0.33

 
3.03

 
1.00

 
5.00

 

Previous 

Programming 

Grade
 0.14

 
0.33

 
0.20

 
1.00

 

SUM
 

1.73
 

8.36
 

4.53
 

16.00
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Criteria
 

Personality
 Academic 

Achievement
 

Teamwork 

Experience
 

Previous 

Programming 

Grade
 

Eigenvector 

(Priority)
 

Personality
 

0.58
 

0.48
 

0.66
 

0.44
 

0.54
 

Academic 

Achievement
 0.14

 
0.12

 
0.07

 
0.19

 
0.13

 

Teamwork 

Experience
 0.19

 
0.36

 
0.22

 
0.31

 
0.27

 

Previous 

Programming 

Grade
 

0.08
 

0.04
 

0.04
 

0.06
 

0.06
 

Total
 

1.00
 

1.00
 

1.00
 

1.00
 

1.00
 

 

The pair wise questionnaires as shown in Appendix were given to the experts and requested to fill up  

by identify relative importance between four decision criteria, which are 1) personality type, 2) academic 

achievement, 3) teamwork experience, and 4) previous programming grade that which considered in 

making selection decision of team leader. All responses were collected and recorded. The data in Table 2 is 

based on expert’s opinion. 

The experts believed that a personality type is four time more important than academic achievement, and 

three time more important than teamwork experience, as well as seven time more important than previous 

programming grade respectively, due to extrovert team leader can improve performance of team in group 

work project. In regards to this, Omar and Syed-Abdullah [27], pointed out that an effective team needs to 

have more extrovert members. 

Furthermore, experts thought that teamwork experience is three time more important than academic 

achievement, in contrast to this, they thought academic achievement is three time more important than 

previous programming grade. Finally, experts believed that teamwork experience is five time more 

important than previous programming grade in selecting suitable team leader for group project in 

educational setting. 

Finally, this study revealed that the most important criteria to select team leader is personality types, 

followed by teamwork experience, academic achievement and previous programming grade. 

Step 5. Synthesizing Pair wise Comparison  
Saaty [34], demonstrated mathematically that the eigenvector method was the best approach to 

determine the priorities from each pair wise matrix in order to get importance of criteria and alternative 

performance.  

According to Hsiao [41], the Average of Normalized Column (ANC) method is used for calculate the 

eigenvectors for priorities. The ANC process can be divided into three steps:  

1) Sum of each column in matrix   
2) Divide each elements of matrix with the sum of its column  
3) Normalized principle of Eigen vector and that can be done by add the element in each resulting row 

and then divide this sum by the number of elements in the row (n). 
In a mathematical form, the eigenvector (priorities) could be calculated as described in (2) 

 

                             
1

1
, , 1,2,...........

n
ij

i n
j iji

a
W i j n

n a

 


                      (2) 

Table 3 illustrates the eigenvector (priorities) for criteria. For example, to calculate the priority of 
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(personality), it can be done by applying three steps as follows: 

1)  
n

iji
a  Thus, 1+4+3+7=15.  

2)  
ij

n

iji

a

a
  Thus, 1/15 = 0.58.  

3)  
n ij

nj

iji

a

a



 Thus, 0.58+0.48+0.66+0.44=2.16 and divided this sum by the number of elements (n = 

4) Thus, 2.16/4 = 0.54. 
 

Step 6. Perform the Consistency 

Since the comparisons are performed through subjective judgments or personal, possible occurrence 

some of inconsistency. To ensure the judgment are consistent, the last process called consistency 

verification, which is considered as one of the significant task of AHP, is included to measure the degree of 

consistency among the pair wise comparisons by computing the consistency ratio [22].  

According to Saaty [34], if the Consistency Ratio (CR) is more than 0.1 the judgment is untrustworthy due 

to they are close for comfort to random and the exercise is should be repeated or valueless.  

There are three steps to calculate the Consistency Ratio (CR) as follows: 

1) Calculation of Eigenvalue (λmax) 

 
                                       (A X = λmax X)                                   (3) 

where A is the comparison matrix with size n×n, X is the eigenvector of size n×1. 
2) Calculation of Consistency Index (CI).  

 

                                      CI = (λmax–n) / (n–1)                              (4) 

 

where n is the size of matrix.      
3) Calculation of Consistency Ratio (CR).  

                                          CR = CI / RI                                   (5) 
 

Determining the suitable value of Random Index (RI) from the table of random index of AHP as shown in 

Table 4, for the matrix size of four the random index will be RI = 0.90, after that calculate Consistency Ratio 

(CR). For instance, the calculation to consistency test for the criteria CR = CI/RI, CR= 0.04/0.90= 0.04. As the 

value of CR is less than 0.1, the judgements are acceptable. 

 

Table 4. Random Index of Analytic Hierarchy Process [34] 

 
 

Step 7. Step 3 To 6 are Performed for All Levels in the Hierarchy Model 

The elements in Tables 5-8 and Table 9 illustrate the priority (eigenvector) and consistency test for the 

criteria and the alternatives. As all criteria and alternatives have CR value less than 0.1, the judgements are 

acceptable. 

Step 8. Develop Overall Priority Ranking 

After complete the calculation for the consistency for all levels, more calculation for the overall priority 

vector to select the most suitable leader must be performed. Table 10 illustrates the overall priority of the 
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four alternatives with respect to the four criteria. The overall priority (eigenvector) can be calculated by 

multiplying the eigenvector of the alternative by the eigenvector for the criteria, for example: 

(0.460.54)+ (0.440.13) + (0.470.27) + (0.410.06) = 0.46 
 

Table 5. The Eigenvector and Consistency Test for Alternatives with Respect to Personality  

Personality A B C D 
Eigenvector 

(Priority) 

A 1.00 2.00 3.00 4.00 0.46 

B 0.50 1.00 3.00 2.00 0.27 

C  0.33 0.33 1.00 0.33 0.10 

D 0.25 0.50 3.03 1.00 0.17 

     

1.00 

  

Consistency Ratio (CR) 0.07 

 

Table 6. The Eigenvector and Consistency Test for Alternatives with Respect to Teamwork Experience 

Teamwork 

Experience 
A B C D 

Eigenvector 

(Priority) 

A 1.00 2.00 3.00 4.00 0.47 

B 0.50 1.00 2.00 3.00 0.28 

C  0.33 0.50 1.00 2.00 0.16 

D 0.25 0.33 0.50 1.00 0.10 

     

1.00 

  

Consistency Ratio (CR) 0.01 

 
Table 7. The Eigenvector and Consistency Test for Alternatives with Respect to Previous Programming 

Grade 

Previous 
Programming 
Grade 

A B C D 
Eigenvector 

(Priority) 

A 1.00 2.00 2.00 3.00 0.41 
B 0.50 1.00 2.00 3.00 0.29 
C  0.50 0.50 1.00 2.00 0.19 
D 0.33 0.33 0.50 1.00 0.11 

     
1.00 

  
Consistency Ratio (CR) 0.03 

 

Table 8. The Eigenvector and Consistency Test for Alternatives with Academic Achievement 

Academic 
Achievement  

A B C D 
Eigenvector    

(Priority) 

A 1.00 3.00 2.00 3.00 0.44 

B 0.33 1.00 2.00 4.00 0.29 

C  0.50 0.50 1.00 1.00 0.15 

D 0.33 0.25 1.00 1.00 0.12 

     
1.00 

  
Consistency Ratio (CR) 0.09 

 
Step 9. Select the Best Alternative 
Table 11 illustrates the candidate A that has the highest value (0.46) among the other candidates. The 

second highest is the candidate B with a value of (0.27) and the candidate C with a value of (0.13) and finally, 

the candidate D with a value of only (0.14), candidate A is the preferred choice because it has the highest 
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value among four alternatives. 

 

Table 9. The Eigenvector and Consistency Test for Criteria with Respect to Goal 

Criteria Personality 
Academic 

Achievement 

Teamwork 

Experience 

Previous 

Programming 

Grade 

Eigenvector 

(Priority) 

Personality 1.00 4.00 3.00 7.00 0.54 

Academic 

Achievement  
0.25 1.00 0.33 3.00 0.13 

Teamwork 

Experience 
0.33 3.03 1.00 5.00 0.27 

Previous 

Programming 

Grade 

0.14 0.33 0.20 1.00 0.06 

     

1.00 

   

Consistency Ratio (CR) 0.04 

 

Table 10. Priority Vector for the Alternatives with Respect to the Criteria 

     Criteria 

 

Alternatives  

Personality 
Academic 

Achievement 

Teamwork 

Experience 

Previous 

Programming 

Grade 

Criteria 

Weights 

Overall 

Priority 

A 0.46 0.44 0.47 0.41 0.54 0.46 

B 0.27 0.29 0.28 0.29 0.13 0.27 

C 0.10 0.15 0.16 0.19 0.27 0.13 

D 0.17 0.12 0.10 0.11 0.06 0.14 

 

 
Table 11. Result of Selection 

Candidate Ranking of Candidate ( Goal) 

A 0.46 

B 0.27 

C 0.13 

D 0.14 

 

3. Results and Discussion 

The results shown that the AHP technique can be used to help decision makers to evaluate and select the 

best alternative based on the certain criteria of a decision. The analysis illustrates that the candidate A is the 

most suitable to select as a team leader due to he/she has the highest value (0.46) among the other 

candidate.  

Application of AHP for selecting the most suitable team leader can improve performance of team in group 

work project in educational field due to the team leader plays an significant role in the failure or success of 

the team [5], [8], [9]. 

4. Conclusion 

This paper presents the steps taken to select the most suitable team leader by using Analytical Hierarchy 
Process (AHP) technique. Four criteria which are personality type, academic achievement, teamwork 
experience, and previous programming grade were chosen to determine the leader in educational group 
project teamwork. 
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The future work of this study is to develop a prototype to evaluate the suitability of AHP technique and 
thus, data from student's team project will be collected to evaluate the technique. 

Appendix 

A Pairwise Comparison between Criteria 
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