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ABSTRACT 
 
 

Prioritizing software requirements helps to 
determine which requirements that are most important, 
and in which order requirements should be developed 
and tested throughout the development lifecycle. By 
prioritizing the requirements, software engineers can 
put focus on a subset of all requirements, and 
implement these in a particular release. 

 
This thesis aims to analyze two ratio scale 

prioritization techniques in a controlled experiment. 
The experiment was designed to compare time 
consumption, scalability, accuracy, ease of use, and 
ease to learning between the two techniques. All these 
evaluation parameters are combined together to find out 
which technique is more suitable to use when 
prioritizing software requirements. 

 
The two techniques investigated in the study 

presented in this thesis are: Analytical Hierarchy 
Process (AHP), which is based on pair-wise 
comparisons; and Cumulative Voting (CV) which is 
based on distributing points between requirements. 

 
The results of the experiment indicate that CV is 

less time consuming than AHP, which makes it more 
scalable. Further, CV is regarded as easier to use, and 
easier to learn than AHP. In addition, the results show 
that CV is more accurate than AHP while measuring the 
perceived accuracy. However, no conclusions could be 
made regarding actual accuracy due to 
misinterpretations by the study participants. 

 
Keywords: Requirements, Prioritization, Analytical 
Hierarchy Process (AHP) and Cumulative Voting (CV) 
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1 INTRODUCTION 
 

       The software development process is composed of the following primary 
activities: requirements engineering, design and implementation, testing, and 
maintenance. However, requirements engineering process is most decisive activity it is 
considered as a base of software development. According to Brooks [52]”The hardest 
single part of building a software product is deciding precisely what to build. [...] No 
other part of the work so cripples the resulting system if done wrong. No other part is 
more difficult to rectify later”. Problem in requirements engineering practices leads to 
problem in design which further results in wrong implementation of requirements and 
continues to testing phase. The requirement engineering activity is core of software 
development; therefore, software development team should take care that all 
requirements needed for system software must be included [7]. 

 
     Sometimes incorrect decisions from requirement engineers lead to the failure in 
software engineering process [1] [14]. The wrong decisions results in implementation 
of the false requirements, which lead to failure of project or product in the market. 
Therefore, a decision making process is crucial in software engineering particularly in 
the area of requirement engineering [1] [2] [23]. We have to take decisions in all the 
activities of requirement engineering process. For example, in elicitation phase we 
have to take decision which elicitation techniques must be used to elicit requirements 
(observation, interviews, group interviews etc.) [3]. Further, we have to take decision 
regarding which practices should be used for requirements analysis, requirements 
negotiation and order of implementation of requirements. The most vital and decisive 
decision making is needed in requirement prioritization activity. The selection of 
requirements from the given set of features requires a very high decision power 
because it is done most of time by ad-hoc method. Further, we have to prioritize the 
selected requirements according to customer priority, cost, time and complexity. The 
incorrect decision leads to wrong implementation of selected requirements. The 
requirements prioritization is one of the most important steps in requirement 
engineering process, because it tells about the degree of importance of each 
requirement from the perspective of customer [4].  

 
In software development, the customer always wants developers to implement all the 
requirements but due to limited resources, strict deadlines and time to market 
limitations it is not possible to implement all requirements. Therefore, development 
team has to select the subset of requirements from the customer’s requirements list and 
most important that these requirements should satisfy customer needs. One way to 
solve this problem is to prioritize requirements in an acceptable way but there are no 
definite criteria or method which can decide on how to prioritize the requirements [6]. 
Currently several approaches are available that aim at selecting the most suitable 
requirements by starting from a set of needed requirements [8]. However, it is still not 
clear which approach best suits the prioritization of requirements. The aim of this 
thesis is to study two requirements prioritization techniques in software engineering 
i.e. Analytical Hierarchy Process and Cumulative Voting, find out which one is best in 
terms of time, scalability and accuracy, ease of use and ease of learning.  
 
The aim of this chapter is to introduce the study area and to provide the motivation for 
this thesis. It is structured as follows: Section 1.1 presents the author’s motivation for 
this thesis; Section 1.2 presents related work; Section 1.3 presents purpose to perform 
experiment; Section 1.4 presents the research objectives and posed research questions; 
Section 1.5 presents the selected research methodology for this thesis. Finally, Section 
1.6 provides a brief overview about the chapters in this thesis. 



 
  

2

1.1 Motivation 
 
According to Shull et al. [11] results cannot be achieved by performing a single 

study, therefore empirical researchers support replication of the studies that had been 
done previously. There is a high probability that replication of experiment in different 
environment can provide different results, which further helps in investigating 
authenticity of the study [11]. The requirement prioritization experiments had been 
done previously by Karlsson [6], Berander [8], Karlsson [16] and Ahl [50] and may be 
many other researchers all over a world. In order to investigate how the two 
prioritization techniques (AHP and CV) act upon in controlled environment we 
replicate the study (not 100% replication) which was earlier done by Ahl [50] and 
Karlsson [16]. 

 
   One of the motivations to conduct this experimental study is to continue the work 
done by Ahl [50]. Ahl [50] mentioned in his master thesis that number of requirements 
(13 requirements) and participants (16 participants) were less in his experiment, and it 
would be interesting if both can be increased in further studies. Instead of studying five 
prioritization techniques we only use two prioritization techniques Analytical 
Hierarchy Process and Cumulative Voting. Since both techniques are based on ratio 
scale therefore it would be interesting to compare the two techniques in terms of time, 
scalability, accuracy, ease of use and ease of learning. 

 
The personal motivation to pursue an experimental study in the area of 

requirement prioritization is inspiration from a requirement prioritization experiment 
conducted in Research Methodology course. Being one of the participants of that 
experiment, motivates author to perform study related to this area in near future, and 
author believe the master thesis is one good opportunity to perform empirical study in 
area of software engineering, particularly requirement engineering. 

1.2 Related Work 
 
A lot of research has been done in area of requirement engineering particularly 

requirements prioritization before by many researchers. In this section, we present the 
work done by the researchers, who provide platform (purpose, motivation) for this 
study and contributed in the design and implementation of this experiment. 

 
Karlsson et al. [6] conducted an experiment on six different methods of 

requirement prioritization: Analytical Hierarchy Process (AHP), Hierarchy AHP, 
Spanning tree matrix, Binary search tree, Bubble Sort and Priority groups [6].The 
methods were evaluated with regards to consistency, reliability and scalability of 
measurement. The results of study revealed that AHP is most promising technique in 
terms of providing ´trustworthy´ results [6], also it is fault tolerant and has consistency 
check. The study also discussed that ratio scale is strongest of all other scales 
(nominal, ordinal and interval). 

 
The work of Karlsson et al [6] was extended by Ahl [50] in his master thesis 

project in 2005. Ahl [50] conducted experiment on five prioritization techniques: AHP, 
CV, Binary search tree, Planning Game, and a combination of AHP and Planning 
Game. The goal of the study was to investigate which technique is fastest, most 
scalable, most accurate and most easy to use. The results of the study revealed that 
BST is the best technique in terms of scalability, accuracy and ease of use, CV is also 
considered as good technique in terms of scalability and ease of use. AHP resulted in 
worst technique which is opposite to Karlsson et al [6] experiment results. 
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Karlsson et al [16] in their experiment evaluate the two prioritization techniques 
Pair-Wise Comparisons and Planning Game. One of the aims of their study was to 
investigate how two prioritization techniques are affected in terms of time, scalability, 
accuracy and the ease of use when number of requirements increases from 8 to 16. The 
results from study show that Planning Game is easier to use and more scalable, 
because it is more open technique, and Pair-Wise Comparisons due to its large time 
consumption and black box nature is not favored.   
 
   Karlsson and Ryan [13] performed a case study using AHP technique; the results of 
study shows that the requirements cannot be prioritized on single aspect either cost or 
value. Both aspects are needed and we cannot ignore any of them. If any of these two 
aspects is not included than there is high probability of selecting the wrong set of 
requirements. To strengthen this fact they investigate cost-value approach for 
prioritization of requirements. The case study is conducted on two commercial 
organizations; the results proved that cost-value approach is one vital addition to 
requirement prioritization techniques and clearly facilitate choice of requirements [12].  

 
Berander and Jönsson [15] introduce new ratio scale hierarchal prioritization 

technique; called HCV. The HCV is an extension of CV. The technique is developed 
in such a way that it uses strength of CV and eliminates weakness of AHP [15].They 
emphasizes on need for hierarchical prioritization, they also conduct empirical study 
on both prioritization techniques CV and HCV to evaluate the results with aim to 
investigate the scalability of CV and HCV. The concept of explicit weight and amount 
of divergence is used to evaluate scalability between CV and HCV.  

1.3 Purpose 
 

With aim to further extend work done by Karlsson et al. [6] and Ahl [50]; the author 
conduct controlled experiment on the two ratio scale prioritization techniques AHP 
and CV. The goal of this experiment is to investigate which technique is better in 
terms of time, scalability, accuracy, ease of use and ease of learning. Both Karlsson et 
al [6] and Ahl [50] used fix number of requirements i.e. 13, to evaluate the 
prioritization techniques. In this experiment we used 15 and 30 requirements to 
perform prioritization. With best of author’s knowledge the AHP technique is not 
evaluated for 30 requirements in the past. Also number of participants in this 
experiment is 57, while Ahl [50] had only 16 participants in his experiment and 
Karlsson et al. [6] had only 3 participants. Wohlin el al. [24] and Creswell [26] agree 
that if the number of participants is more, than there is higher probability that results 
will be better because large amount of data increases the possibility of generalizability 
of results. 
    
   Further, the experiment conducted by Ahl [50] evaluate the techniques by using only 
horizontal approach (which one from five prioritization techniques suits best when 
number of requirements are static (13 requirements)).In this thesis we aim to 
investigate results from both horizontal and vertical point of view. For instance, 
instead of not only measuring how scalability is affected when we use CV and AHP 
for 15 or 30 requirements but we also measure how scalability is affected between CV 
and AHP when number of requirements increases from 15 to 30. Further, Ahl [50] 
study mainly focuses on statistical analysis (analysis based on statistical methods that 
are used to describe collection of data) rather than descriptive statistics (analysis based 
on evidences derived from observation). In this thesis we focus mainly on descriptive 
statistics instead of statistical analysis. 
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1.4 Research Objective and Questions 
 
According to Phillips and Burbules (2000), the research is a process of making 

claims and then refining or abandoning some of them for other claims that are strongly 
warranted [26]. There are different approaches to conduct research i.e. qualitative, 
quantitative or mix approach. In this thesis we use quantitative approach (i.e. 
experiment) to conduct research. In this section we will discuss about the research 
objective and research questions. 
 
   The main objective of an experiment is to ‘Analyze two (AHP and CV) requirement 
prioritization techniques for the purpose of evaluation with respect to their time, 
scalability, accuracy, ease of use and ease of learning from the viewpoint of users 
(students) in context of Msc. students studying in Software engineering /Computer 
Science at BTH’. 
 
On the base of research objective we define following research questions: 
 

I. Which one of AHP or CV is better in terms of time consumption? 
 

II. Which one of AHP or CV is better in terms of scalability? 
 

III. Which one of AHP or CV is better in terms of accuracy? 
 

IV. Which one of AHP or CV is better in terms of ease of use? 
 

V. Which one of AHP or CV is better in terms of ease of learning?   

1.5 Research Methodology 
 

    The researchers believe that empirical study is one of the best approaches to 
evaluate results in software engineering. The reason to choose an empirical approach 
to conduct this study is because it has been matured in recent decade and most of 
researchers find it as an optimal way of getting results and validation in an area of 
research [9]. In order to address research questions the experimental study is 
conducted on master students of BTH. The results obtained from the experiment will 
be a contribution towards the research in the field of requirements engineering 
particularly in requirements prioritization.   

1.6 Overview 
 

The aim of this section is to give the brief overview about the chapters in this thesis. 
The each of chapter has different focus and scope. The overview section helps readers 
to find very brief discussion about chapters in the thesis. 

 
Chapter 2 discusses different requirement prioritization techniques, theory and 
working of AHP and CV. 

 
Chapter 3 includes the theory about designing of experiments. This chapter focuses on 
method of experiment. The method of experiment design is based on guidelines from 
Wohlin et al [24] and Berander et al [8]. 

 
Chapter 4 presents the actual design of experiment. We discuss design of this 
particular experiment based on the theory mentioned in chapter 3. We also discuss 
about experiment execution i.e. how experiment is conducted in reality. 
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Chapter 5 is about statistical and empirical analysis of data collected from experiment. 
This includes outliers, Shapiro-Wilks normality test, Mann-Whitney non-parametric 
test and empirical results from the experiment. The descriptive statistics includes the 
comparison of AHP and CV in terms of time consumption, scalability, accuracy, ease 
of use and ease of learning.   

 
Chapter 6 discusses about threats to validity; lessons learned from experiment; final 
conclusions and future work. 
 
Summary 
 

  This chapter presents the background, motivation, related work, purpose, research 
objective & questions, research methodology and overview of this thesis. 

 
We discuss background of the requirement engineering area particularly requirements 
prioritization. Here; we discussed mainly about why requirements prioritization is 
needed. Prioritization is done mainly for two purposes decision making and to 
implement most important requirements. Further; we discussed motivation to performed 
experiment in this thesis; followed by related work done in area of requirements 
prioritization in past. 
 
We also discuss the purpose to perform this study. The purpose to perform this study is 
to extend the work done by Ahl [50] and Karlsson [6] in area of requirements 
prioritization. Further we discuss the research objective and questions and research 
methodology that is used in this thesis. We have used quantitative research approach i.e. 
experiment to conduct this study. 
 
Last; we discussed overview section. The purpose of this section is to provide brief 
description about structure of the thesis. 
 

 
 
. 
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2 REQUIREMENT PRIORITIZATION 
 
The majority of software development projects and products cannot be completed 

or delivered with full functionality in one release with limited resources. Lehtola et al 
[31] have discussed that not all requirements can be implemented in a single release, 
so the task is to prioritize requirements and implement those that are the most 
important. According to Weigers [5], requirements prioritization not only helps in 
identifying the most important requirements for implementation, it also helps project 
managers to plan and define strategies according to time and budget. To balance the 
scope of a project, low priority requirements may be moved to a later release while 
initially focusing on high priority requirements. Requirement prioritization is not just 
limited to decision making, it can also be used for analysis when software is released. 
For instance, after the release of the software end user interaction with system can be 
analyzed, e.g. which functionalities of the software are mostly used, to determine if 
requirements prioritization corresponds well to end user needs. Studies have shown 
that only 36% of requirements are mostly used, 19% are rarely used and remaining 
45% never used in software [53]. Prioritization can also help in determining how well 
software satisfies user needs. 

 
Different prioritization techniques are available to prioritize requirements but it is 

still not clear which technique is the most suitable. These techniques are based on 
different measurement scales e.g. ordinal scale, ratio scale etc. for performing 
prioritization [32] [33]. The ordinal scale is used for making simple comparisons, and 
it only tells which requirements are more important than the others while ratio scale 
techniques also tell how much more important one requirement is than the other. This 
means that makes ratio scale techniques are more sophisticated but also more complex 
and time consuming [8] [32] [34]. In this section, two requirement prioritization 
techniques (Cumulative Voting and Analytical Hierarchy Process) are presented in 
detail. The aim is to provide theoretical description about the techniques, and how 
these techniques work practically. The theoretical study and description of the working 
procedure of the techniques help readers to better understand the background of these 
prioritization techniques. It is essential to understand theory behind each technique to 
better realize how they can be utilized in prioritization in different situations. Once the 
reader understands the theory of each technique he/she can relate the goal and 
intention of the study and its problem description to the theory. In this way, the reader 
can understand the reasoning behind why a particular technique leads to achievement 
of the goals. In this study, two prioritization techniques (CV and AHP) providing ratio 
scale results are presented and investigated. These are described in section 2.2 and 2.3 

2.1 Prioritization Techniques 
 
The word ´priority’ means different for people working in different departments in 

software industry [31]. When ´priority’ attribute is added to requirements it becomes 
priority of requirements commonly known as requirements prioritization. The word 
requirements prioritization is still ambiguous because requirements can be prioritized 
in different ways. For instance, we have more than one group of stakeholders in 
organization than there may be the possibility that according to one group of 
stakeholders requirement prioritization means prioritization of requirements according 
to customer preferences, but for another group it may mean how early requirements 
can be implemented [31].To overcome this ambiguity we use different aspects to 
prioritize requirements. The most common aspects that can be used while prioritizing 
requirements are importance, cost, dependency or risk [8]. For instance, stakeholders 
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want to prioritize requirements according to importance, if stakeholders keep this 
aspect in the mind then they will prioritize requirements on the basis of which 
requirements they think are most important for development of the system. Hence, 
universal (i.e. single) aspect of doing prioritization eliminates the ambiguity.  Apart 
from importance, other aspects can also be used to prioritize requirements depending 
on need or situation. Berander [8] has discussed how different aspects of prioritization 
can be used for performing prioritization in detail.  

2.2 Analytical Hierarchy Process 
 
The Analytical Hierarchy Process was developed by Thomas Saaty [20] in 1980. It 

is considered to be a powerful and flexible mathematical decision making technique, 
which helps people to set priorities and make correct decisions [17]. AHP is used when 
we have to make complex decisions and there are multiple aspects present. It 
formalizes the decision making process by providing structure to it [18] [19]. 
However, when the number of requirements increases, the number of pair wise 
comparisons also increases drastically, which puts overload on technique’s usability 
due to complex calculations [16]. We will discuss the use of AHP in more detail in this 
section. 

 

2.2.1 Use of Analytical Hierarchy Process (AHP) 
The AHP is based on pair wise comparisons which reduces the complex decisions 

to one to one comparisons [17]. If the total number of requirements is n, then the total 
number of comparisons will be n × (n-1) / 2. Using AHP involves 5 steps [7] [12] [20] 
[21] which are presented below. 

 
Step 1- Choose the Requirements to be Prioritized. 
 
First task is to select the requirements that need to be prioritized. To explain the 
process in a simple way, we will assume that we have four candidate requirements R1, 
R2, R3 and R4 to prioritize from mobile phone domain. 
 
R1: The mobile phone shall have SMS feature 
R2: The mobile phone shall have Calendar  
R3: The mobile phone shall have Alarm  
R4: The mobile phone shall have Phone directory 
 
Step2- Put Candidate Requirements in Rows and Columns of n×n AHP Matrix. 
 

Place the candidate requirements in the n×n AHP matrix. In this case we have four 
requirements; all the four requirements are placed in 4 × 4 matrixes as shown in Table 
1. 

 
        Table 1- 4×4 Matrix 

Requirements R1 R2 R3 R4 
R1     
R2     
R3     
R4     

         
Step3- Perform Pair-Wise Comparisons of the Requirements in the AHP Matrix.  

 
In order to establish the priorities, the scale shown in Table 2 is used. This scale is 

similar to the one that was designed by Saaty [20] for comparing requirements. The 
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scale not only tells which requirement is more important than the other, but also how 
much one requirement is more important than the other. 

 
         Table 2- Scale for Pair Wise Comparisons Designed by Saaty [20] 

Relative Intensity Definition Explanation 
1 Of Equal Value 

 
The two requirements are of 
equal value 

 
3 Slightly more value 

 
One requirement is more 
important than the other 

 
5 Essential or strong value 

 
One requirement is much 
more important than the other 

 
7 Very strong value 

 
One requirement is very much 
more important than the other 

 
9 Extreme value 

 
One requirement is extremely 
much more important than the 
other 

 
2,4,6,8 Intermediate values between 

two adjacent judgments 
 

When compromise is needed 
 

Reciprocals If requirement i has one of the above numbers assigned to it when compared with 
requirement j, then j has the reciprocal value when compared with i 

 
 
Let us suppose that there are ‘n’ numbers of requirements, R1, R2 ….Rn. Once we put 
these into n×n matrix, the relative value for requirements are presented as Rij, where 
rows have index of ‘i’ and columns have index of ‘j’ [20]. 
 
For each pair of requirement Rij, the requirements is compared and the relative value is 
inserted from Table 2 [21].For matrix of order ‘n×n’ the n× (n-1)/2 comparisons need 
to be done [20]. In our example we have 4 requirements resulting in that, 4× (4-1)/2 
i.e. 6 comparisons are needed (R12, R13, R14, R23, R24, R34). 
 
Step 3(a): If relative importance of requirement Ri is equal to requirement Rj than Rij 
=1, Rji =1. Hence, we will insert ‘1’ in all the positions where Ri is compared to Ri 
(main diagonal).As shown in Table 3 we have inserted ‘1’ at all diagonal positions 
(R11, R22, R33, R44). 
 
Step 3(b): If requirement Rij has priority value of X, then requirement Rji has priority 
value of 1/X (reciprocal value of Rij).For each pair of requirements (starting with R1 
and R2) inserts their relative intensity of value from Table 2, in the position (R12) 
where the row R1 intersects column R2. As shown in Table 3 we have inserted values 
of relative intensity in columns (R12, R13, R14, R23, R24, R34). For example we have put 
value ‘5’ in position (R12) which shows that R1 is ‘5 times’ more important than 
R2.Inspite of this selection one can also select the values that are less important rather 
than more important. For example, if we put relative intensity value of ‘0.33’ in 
column R13, this shows that requirements R1 is 3 times less important than requirement 
R3.   
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      Table 3- Performing Pair wise Comparisons 
Requirements R1 R2 R3 R4 

R1 1 5 5 7 
R2  1 3 3 
R3   1 9 
R4    1 

 
When this is done, the reciprocal values are automatically calculated. We have put 
reciprocal values in columns (R21, R31, R41, R32, R42, and R43) as shown in Table 4. For 
example in position (R21) insert the reciprocal value, in this case value in (R21) will be 
0.2 which shows that requirement R2 is 0.2 times less important than R1.   
 

       Table 4- Perform Pair Wise Comparison using Reciprocal  
Requirements R1 R2 R3 R4 

R1 1 5 5 7 
R2 0.2 1 3 3 
R3 0.2 0.33 1 9 
R4 0.14 0.33 0.11 1 

 
Step4- Normalization of Rows and Columns to determine the Eigen value of 
Matrix 
 
 Step 4(a): Once the prioritized values are inserted into the rows and columns of AHP 
matrix, the next task is to normalize the values by using a method called ‘Averaging 
over normalized columns’ [7] [20] [21]. The steps to perform Averaging over 
normalized columns are shown below. First we calculate the sum of columns in the 
comparison matrix. As shown in Table 5, we have calculated sum of columns for four 
requirements.  
 

       Table 5- Sum of Columns  
Requirements R1 R2 R3 R4 

R1 1 5 5 7 
R2 0.2 1 3 3 
R3 0.2 0.33 1 9 
R4 0.14 0.33 0.11 1 

Total 1.54 6.66 9.11 20 
 
Step 4(b): After calculating the sum of columns, the next step is to normalize the sum 
of rows convert each value to the percentage of its column total. We will divide the 
value of Rij by the sum of columns. As shown in Table 5, the value of column (R11) is 
‘1’ and sum of that column (Total) is 1.54.We will divide 1 by 1.54 which results in 
the value 0.65, see Table 6. The value 0.65 is normalized value for columns (R11). 
Similarly we will calculate normalized values for the whole matrix. 
 

       Table 6- Normalization of Sum of Rows 
Requirements R1 R2 R3 R4 

R1 1/1.54=0.65 5/6.66=0.75 5/9.11=0.55 7/20=0.35 
R2 0.2/1.54=0.13 1/6.66=0.15 3/9.11=0.33 3/20=0.15 
R3 0.2/1.54=0.13 0.33/6.66=0.05 1/9.11=0.11 9/20=0.45 
R4 0.14/1.54=0.09 0.33/6.66=0.05 0.11/9.11=0.01 1/20=0.05 

 
Step 4(c): The normalized values calculated in step4 (b) are used to calculate the 
priority ordering for each requirement. To calculate row average value we will 
calculate sum of rows. For each row, we will add all normalized values of that row and 
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divide it with the number of requirements. As shown in Table 7 for row 1, sum of rows 
is (R11 +R12+R13+R14) which equals to 2.3. Similarly we will calculate the sum of rows 
for other three rows. 
 

       Table 7- Calculation of Sum of Rows  
Requirements R1 R2 R3 R4 Sum of Rows 

R1 0.65 0.75 0.55 0.35 2.3 
R2 0.0.13 0.15 0.33 0.15 0.76 
R3 0.13 0.05 0.11 0.45 0.74 
R4 0.09 0.05 0.01 0.05 0.2 

 
Step 4(d): The sum of rows of each row is divided by four (number of requirements). 
The priority value we got for row 1 is 0.575. Similarly we will calculate values for 
other three rows. The values calculated are shown in Priority column of Table 8. These 
values are called Eigen values of the matrix. 
 

       Table 8- Calculation of Row Average  
Requirements R1 R2 R3 R4 Priority 

R1 0.65 0.75 0.55 0.35 2.3/4 =0.575 
R2 0.0.13 0.15 0.33 0.15 0.76/4=0.19 
R3 0.13 0.05 0.11 0.45 0.74/4=0.185 
R4 0.09 0.05 0.01 0.05 0.2/4=0.05 

Total     1.00 
 
Step5- Assign each Requirement its relative value which is Eigen value calculated 
above. 
 
The final matrix is represented as normalized eigenvector of the comparison matrix. 
The final result reveals the degree of importance of one requirement to another, with 
respect to the particular aspect customer keeps in mind before performing 
prioritization [20]. 
 
R1 contains 57.5% of total importance. 
R2 contains 19% of total importance. 
R3 contains 18% of total importance. 
R4 contains 5% of total importance. 
 
The resulting values not only reflect that R1 is more important than R2, R2 is more 
important than R3 and R3 is more important than R4; it also shows how much one 
requirement more/less important than another. For instance, R1 is 11.5 times more 
important than R4 and R4 is 3.6 times less important than R3. 
 

2.2.2 Consistency Index and Consistency Ratio 
When the prioritization is done; next task is to check consistency of Eigen values. 

Consistency Index (CI) is the indictor of accuracy of pair wise comparisons performed. 
To overcome judgmental errors1 we need to perform a consistency check [7]. The CI is 
calculated by using the following formula.  

 
CI (Consistency Index) = (λmax – n)/ (n-1)                                           (1) 

                                                      
1 While performing prioritization there may be possibility that Eigen values are not consistent. Let us suppose that if in final 
result we determined that requirement R1 is more important than R2, requirement R2 is more important than R3, and R3 is 
more important than R1.This shows that there is inconsistency while performing pair wise comparisions.In reality R1 is more 
important than R3.These kind of errors that occur in performing AHP, are called judgmental errors. 



 
  

11

Where  
λmax = Maximum Eigen value of the comparison matrix 
  n   = Number of requirements 
 

The closer the value of λmax is to n; greater is the possibility of having consistent 
results and few judgmental errors. 
 
Steps to calculate the value of λmax are as follows [7] [20]:- 

 
I. To facilitate the calculations we have transformed the data presented in Table 4 

into Matrix A (4 × 4) and the Priority column of Table 8 into Matrix B (4 × 1). 
Next, we have multiplied these two matrixes which results in Matrix C (4 × 1).  

 
                                                                                                                                                                       
    1         5           5          7                         0.575                           2.42 
                                                                     
    0.2      1           3           3                         0.19                            1.01 
    ×                          =    
    0.2      0.33      1           9                         0.185                          0.81                                             
 
    0.14    0.33      0.11      1                        0.05                             0.21    
 
                   A                                               B                                    C 
                                                                                            
 

II. Divide the first element of Matrix C with first element of Matrix B, second 
element of Matrix C with second element of Matrix B and so on. These results 
into Matrix D (4× 1).The elements of Matrix D are D1, D2, D3 and D4. 

       
                                                                                                      
                        
                       2.42/ 0.575                      4.20     
                                                               
                       1.01 /0.19                         5.31    
                                                  = 
                     0.81 /0.185                        4.39                
 
                      0.21 /0.05                         4.27               
                                                                
                                                                 D 

III. The next step is to calculate the average sum (λmax); the following formula is 
used to calculate the value of λmax. 

 
λmax = (D1 + D2 +D3…. +Dn)/ n                                                       
 
n- Number of requirements 

 
   In this case we have four requirements  
 
     λmax = (4.2 + 5.31 + 4.39 + 4.27)/4 = 4.54 
 
     Once value of λmax is calculated we will calculate value of CI using formula (1) 
 
    CI = (4.54 – 4) /3 = 0.18 
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To further evaluate whether CI value is acceptable or not, we will calculate 
Consistency Ratio (CR). CR is the ratio of consistency index to random index (RI).  

 
Saaty [7] has proposed the scale for random index to calculate consistency ratio. As 
shown in Table 9, the value of RI varies with the number of objects to prioritize and 
that its RI vector is fixed.  
       

          Table 9-Random Indices for AHP [7] 
Order(n) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
RI 0 0 .58 .9 1.12 1.24 1.32 1.41 1.45 1.49 1.51 1.48 1.56 1.57 1.59
 

The formula to calculate Consistency Ratio (CR) is: 
 
CR = CI/RI 
 
Where 
CI = Consistency Index 
RI = Random Index 
 
In this example the order of matrices is (4×4); therefore we will use RI value of 
order (4) from Table 9. The RI value for order (4) is 0.9. 
 
The Consistency Ratio (CR) for this example is: 
 
CR = 0.18/0.9 = 0.2  
 

   According to Saaty [20], if the value of CR is equal or less than 0.1, than it results in 
to very few judgmental errors and yield accurate results. The results in this case, show 
the moderate degree of judgmental errors. 

2.3 Cumulative Voting (CV) 
 
Cumulative Voting (CV) is one of the oldest and easiest techniques used for 

prioritizing requirements. The stakeholder or group of stakeholders is provided with 
100 units (points, money or any other imaginary units) to distribute among 
requirements [22]. The more the points awarded to a particular requirement, the higher 
is the priority of that requirement.  

 
It is easy to distribute 100 points when having few requirements. However, when the 
number of requirements increases, CV starts loosing its authenticity. Let us suppose 
we have 50 requirements, and then the customer cannot give more than 2 points to 
each requirement (if he wants to give explicit weight to all requirements). In this case, 
it is difficult to estimate relative importance among requirements. To overcome this 
problem, it is possible to increase the number of points to distribute from 100 points to 
1000 points (or even more depending on the number of requirements). Berander [8] 
has also discussed that it is possible to increase the number of points from 100 to 1000 
or 10,000 in order to provide greater flexibility in the distribution of points without 
affecting the results.  
 
Another problem with CV is that if we have more than one stakeholder or group of 
stakeholders, there may be a possibility that stakeholders become prejudiced and put 
more points to the requirements which they want to get implemented. To overcome 
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this situation, we can put a limit in distribution of points for each requirement [22] e.g. 
stakeholders cannot distribute more than 25% of points to a particular requirement. 
 

2.3.1 Use of CV Method 
    The use of CV is based on three simple steps. To explain the process in a simple 
way, we consider the same candidate requirements R1, R2, R3, and R4 that we 
considered. In this example, the number of points to distribute among the requirements 
is 100 
 
Step 1:- Put the Requirements in a Single Row 
 
   The first task is to put all candidate requirements in a single row. We put all 4 
requirements in single row as shown in Table 10.Initially all the requirements have ‘0’ 
points and equal priority (rank).  
 
In this example, we use the aspect ‘importance’ to prioritize these requirements in 
relation to each other by assigning a weight of importance (between 1 and 100) to each 
requirement. This priority is based on the view of what is important. This means that if 
we find one requirement twice as important as another one, we should give that 
requirement twice as many points. We can also use the other aspects like cost, penalty 
or risk to prioritize according to need.  
                            

                         Table 10- Requirements in single row 
Requirements Points Rank 

R1 0 1 
R2 0 1 
R3 0 1 
R4 0 1 

Points Left 100  
 

            Step 2:- Distribute the Points between the Requirements. 
 

       The points are distributed between the requirements as shown in Table 11. The 
rank of the requirement is decided on the number of points distributed to that particular 
requirement. As shown in Table 11, the maximum number of points distributed to R2 
requirements (60 points) therefore rank of requirement R2 is ‘1’. The rank decides the 
order of requirements in which they can be implemented. We can assign '0' weight on 
requirements which we think are not important.  
 
The sum of the points must not be less or exceed 100 which mean that the total points 
left should be ‘0’ at end of the prioritization. The prioritized results are shown in Table 
11. 

 
                          Table 11- Distribution of Points  

Requirements Points Rank 
R1 25.5 2 
R2 60 1 
R3 0 4 
R4 14.5 3 

Points Left 0  
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         Step 3:-Sort the Requirements  
 

    Though this step is optional, but we recommend that one must continuously monitor 
the rank of each requirement in relation to the others. Rank (where rank 1 is given to the 
highest prioritized requirement) displays a priority of requirement. Also requirements 
should be sorted iteratively; it helps in prioritizing the requirements and in distribution of 
number of points left. The detail about sorting is mentioned in section 4.7. The final 
prioritized sorted list is shown in Table 12. 

 
                               Table 12- Final Prioritized List 

Requirements Points Rank 
R2 60 1 
R1 25.5 2 
R4 14.5 3 
R3 0 4 

Points Left 0  
 
The final prioritization show the following results  
 
R2 contains 60% of total value. 
R1 contains 25.5% of total value. 
R4 contains 14.5% of total value. 
R3 contains 0% of total value 
 
    The resulting values not only reflect that R2 is more important than R1, R1 is more 
important than R4 and R4 is more important than R3 but it also shows how much 
more requirement more/less important than each other. For instance, R2 is more than 2 
times important than R1 and R4 is approx 4 times less important than R2. 
 
Summary 
 
      The chapter primarily focuses on two ratio scale prioritization techniques AHP and 
CV. Here, we discussed the working of both prioritization techniques. The AHP is 
based on pair-wise comparisons, and it involves a complex mathematical calculation 
which makes AHP a complex technique. CV is based on the distribution of points 
between the other requirements. The CV involves simple mathematical calculations 
therefore it is easier to understand CV than AHP.  
 
    Further, in CV we can distribute the ‘0’points to the requirements we think are not 
important. But in AHP the calculations are based on Saaty [20] scale, we could not 
provide ‘0’ priority to the requirements in AHP. Due to black box nature of AHP there 
is a possibility that judgmental errors occur while performing prioritization, therefore 
we calculate consistency ratio to determine how consistent the results are. The 
consistency ratio is ratio of consistency index to random index. There are no 
consistency problems in CV because we exactly know that how much points we are 
distributing between requirements. 
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3 METHOD OF EXPERIMENT 
 

A method is a way of doing things or performing tasks using rules, guidelines or 
definite procedure [51]. In this master thesis, the task is to perform requirement 
prioritization experiment. In this chapter we will discuss the theory behind the research 
design i.e. we will only discuss the theory that is used to design the experiment. The 
implementation based of this theory is mentioned in Chapter 4. The method used in 
this experiment is based on the guidelines given by Wohlin et al [24].   
    

This chapter is structured in the following way. In section 3.1 we will discuss goal 
definition of an experiment. In section 3.2 we will discuss about hypothesis i.e. null 
hypothesis and alternate hypothesis. In section 3.3 we will discuss the variables that 
are used in this experiment. The three kinds of variables that are used in this 
experiment are independent variables, dependent variables and context variables. In 
section 3.4 we will talk about the selection of subjects, further in section 3.5 we will 
discuss about experiment design i.e. general design principles and standard design. 
Finally, in section 3.6 we will discuss about the instrumentation used in this 
experiment. 

3.1 Goal Definition 
 
The purpose of the goal definition of an experiment is to define the most important 

aspects of the experiment before planning and execution take place. The objective of 
the study, purpose, quality focus and perspective are some aspects that should be 
mentioned in goal definition [24]. The goal of experiment is presented using Goal 
Question Metric (GQM), in this thesis we used the GQM template to when it comes to 
defining the goal of the study. 

3.2 Hypothesis 
 
Hypothesis is an assumption made in order to test experiment’s logical or 

empirical consequences [35]. In the planning phase two different kinds of hypotheses 
are commonly considered, null hypothesis and alternate hypothesis. 

 
Null Hypothesis – Null hypothesis is considered true initially and should be 

rejected on basis of evidence with help of statistical tests. Null hypothesis is often 
reverse of what experimenter actually believes (alternate hypothesis).The experimenter 
always wants to reject null hypothesis with high significance (i.e. 95 % of confidence 
interval ); it is put forward to allow the data to contradict it [44][36].   

 
Alternative Hypothesis – Accepting the alternative hypothesis is not necessarily 

the same as rejecting the null hypothesis. The experimenter wants to accept this 
hypothesis. Often alternative hypotheses is considered as opposite of null hypothesis. 
The mean, variance and standard deviations of samples are calculated and measured, 
the unequal value of these statistical variables is one criterion which rejects null 
hypothesis and accept alternative hypothesis [45][55]. Further, if experimenter could 
not accept alternative hypothesis then it is important to report the reasons and 
motivation why alternative hypothesis could not be accepted. The author believes that 
it is more important to reject null hypothesis than to accept alternative hypothesis.  
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3.3 Selection of Variables 
 

         A variable is an entity that represents a measurable property of an object. Such a 
property of an object can be compared to a similar property of another object in order 
to make a comparison. Therefore, variables representing such properties are also 
comparable [30]. For example, time is a dependent variable which is used in 
requirements prioritization experiment to compare the time spent on prioritization by 
using different techniques. In quantitative studies, it is important to identify what 
variables are being studied and how they are distinguished from each other in order to 
make comparisons [30]. 
 
 Variable helps in identifying the cause and effect relationship nature of an experiment 
[24]. For instance, change of prioritization approach (independent variable) from AHP 
to Planning Game (PG) causes time consumption variable to differ in an unexpected 
way; the effect is a decrease in time consumption to perform the prioritization. 
Selection of variables should be done before design of an experiment. It is important to 
choose variables correctly; incorrect selection of variables can adversely affect the 
results of experiment [24].  
 
In this section we will discuss the theory of independent variables, dependent variables 
and context variables that we use in this experiment. In this experiment, we follow the 
research framework presented by Berander et al [25] when selecting the variables. 
 

3.3.1 Independent variables 
     An Independent variable is a variable that is manipulated by the experimenter to 
determine its relationship with an outcome of the study [26]. The choice of 
independent variables includes right selection of measurement scales, range of 
variables etc [24]. In a requirements prioritization experiment, the independent 
variables are basically the prioritization approaches that are used in the experiment. In 
this section we will describe the additional parameters and the attributes that must be 
consider while reporting independent variables. These attributes are basically 
refinements of independent variables and they are directly related to the prioritization.  
 

I. Qualitative process description – Most of the time prioritization approach (es) are 
not used as they are described in the original source. Therefore, it is important to 
describe the way in which approach (es) is used in the experiment. Theory and the 
way we used prioritization techniques will help reader to understand the background 
of approach (es) [25]. 

 
II. Goal – It is important to mention what is goal of prioritization, the goal of 

prioritization is different from goal of experiment. For example, goal of experiment 
could be to evaluate time, accuracy or scalability of prioritization technique while 
goal of prioritization could be to find the most important requirements for the 
implementation during first release of system [25]. 

 
III. Hierarchy Level – Approaches at different level cannot be compared, so it is 

important to define which level is used for prioritization [25]. The different levels of 
prioritization exist; for instance, Level 1 of prioritization focus on activities that are 
need to be done, Level 2 of prioritization focus on techniques e.g. pair wise 
comparisons, BST, HCV are few techniques that can be used to perform experiment, 
Level 3 focus on methods e.g. Weiger method, cost-value approach etc and Level 4 
is based on process [25]. 
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IV. Input – Inputs used in approach (es) are divided into two parts; low level approaches 
and aspect taken into account. 

 
a. Low-level approaches – Since high level approaches can be implemented in 

several different ways [25]. For example pair wise comparison can be 
implemented in different ways e.g. AHP; hierarchy AHP or may be any other 
modified form. Further different methods can use different scale for 
prioritization e.g. Saaty scale (1-9) or Zhang scale (1-5). Therefore it is 
important to mention how high level approaches are implemented in the 
experiment i.e. which low level approaches are used for prioritization. 

 
b. Aspect taken into account – There are many different aspects of performing 

prioritization cost, time, penalty and complexity etc [8]. Therefore it is important 
to discuss which aspects that are considered while performing prioritization [25]. 

 
V. Output – Output of an experiment is related to the understandability of results 

[25].Therefore it is important to mention how the results of prioritization are 
described. There are different ways to show results of prioritization, for example the 
results can be shown in the form of lists or in form of top 5 requirements etc. Since 
each different way of displaying results is interpreted differently. Therefore, it is 
important to consider how the final result (output) is shown. 

                  

3.3.2 Dependent Variables 
       Dependent variables depends on the treatment of independent variables [26], they 
are observed and measured to determine the effect of an independent variable. 
Dependent variables are basically a result or an outcome of a study [27]. In 
requirement prioritization, when a number of techniques are compared, it is the 
dependent variables that give the answer when, why and how one prioritization 
approach is better than another.  
 
   We can measure the dependent variables in two ways: subjective point of view and 
objective point of view [25]. By subjective we mean ‘from participant’s point of view’ 
and objective is not just participant’s point of view /subjective opinion; but that 
subjective opinion should also be based on some factual data that can be measured and 
quantified [60]. The subjective opinion basically concerns individual’s subjective 
awareness while the objective opinion concerns how much individual actually knows, 
it is not just perception. For example, measuring the time spent on prioritization using 
clock is objective way of measuring time but asking subjects what they think about 
time spent on prioritization is subjective measurement.  
 
In this section we will discuss the theory about dependent variables that are 
investigated in this experiment. 
 

I. Time – In requirement prioritization, time is considered to be one of the most 
important dependent variable because the results of other dependent variables i.e. 
scalability, ease of use etc. are affected by time (either directly or indirectly). Time 
variable can be measured either manually or automatically (if using tool for 
prioritization), or by simply asking subjects [25].  

 
II.  Accuracy –There are two ways to measure accuracy (1) perceived accuracy 

(subjective) can be measured directly by simply asking subjects and (2) actual 
accuracy (objective) can be determined by using blind test [25].  

 



 
  

18

III. Scalability – Scalability is defined as the ability and flexibility of the approach to 
handle a growing number of requirements [38]. Scalability is a major issue in 
requirement prioritization because of an increasing number of requirements in 
industry. When the number of requirements increases from hundreds to thousands, it is 
very important to determine how scalable an approach is [8] [25]. Scalability can be 
measured either by simply asking subjects or by investigating the time spent to 
perform prioritization on the given number of requirements [25]. 

 
IV. Ease of use – The sooner the participants learn the approach, the more conveniently 

they perform the prioritization. If an approach is easy to use, then there is a possibility 
that it will provide more accurate results. Further, if participants perceived that a 
particular approach is easy to use, then it is also easier for them to prioritize the 
requirements using that particular approach. Participants can be asked directly to 
determine how easy the approach is to perform prioritization [25]. 

 
V. Ease of learning – The ease of learning helps researchers to determine how much 

expertise or knowledge is needed to perform the prioritization. If an approach is easy 
to learn then participants can be selected from the random population; otherwise there 
may be a possibility that the participants need familiarity (training or demo) to an 
approach (es) or should have previous knowledge about the approach before 
performing prioritization [25]. Further, we believe that if an approach is easy to learn, 
then it will be easier for participants to perform prioritization.  

 
VI. Understandability of results – When decision making is based on results of the 

prioritization, it is very important that participants understand those results. The easier 
it is to understand the results, the better decisions can be made. There are two ways to 
investigate understandability of results (1) actual understandability through blind test 
(2) perceived understandability [25]. 
   

VII. Attractiveness – The attractiveness of an approach does not affect results directly but it 
influences the results in an indirect manner. Even if the prioritization approach is 
scalable, accurate and easy to use it is important to know whether using the approach 
is boring or fun [25]. Attractiveness of an approach can be measured by simply asking 
participants in post test.  
  

3.3.3 Context Variables 
       Context includes the circumstances and conditions that can affect the results of an 
occurrence [28]. In a prioritization experiment, the outcome of a study depends on the 
particular environment in which study has been performed. Since it is difficult to 
generalize the results; the results obtained from experiment should be related to a 
particular context in which experiment is performed. Therefore, it is important to 
monitor the circumstances under which prioritization is done [25]. In this section we 
discuss the context variables that are important to consider regarding the context of a 
study. 

 
I. Environment – The environment variable focuses on the type of industry, application 

domain, projects involved and the process model that is followed by the organization. 
For example, if the experiment is conducted in industry then it is important to report 
process model. There is a possibility that the criterion of selecting prioritization 
approach depends on organizational process model. For example, development of 
software can be done either by using waterfall model, iterative model etc. The 
organization that uses iterative process model prioritizes requirements using approach 
that fits well according to the multiple release plans. But in case of waterfall, 
organizations prefer more firm technique to prioritize requirements because here one 
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has to implement all requirements before the release of the product. Other than process 
model, variables like size of project, size of organization, application domain used in 
industry must be mentioned; because like process model they are also important 
decisive factors while selecting prioritization approach in organization [25].  

 
II. Study setup – It is important to discuss the study setup because it helps the readers in 

interpreting the results and it also provide additional knowledge about how things are 
performed in the experiment [25].  

 
• Prioritization tool – The prioritization tool plays an important role in the outcome of 

a study. Two kinds of tools can be used to perform an experiment (1) Commercial 
tools/third party tools and (2) custom-made developed tools. The commercial 
prioritization tools are third party tools developed by vendors/companies for 
commercial purposes. The prioritization tool focal point is developed by Telelogic2. 
If commercial tools are not available or affordable than custom-made tools are used. 
Custom-made tools can be developed by using ASP/PHP programming languages or 
MS Excel etc. Another option is paper based prioritization tools.  
       

• Work mode – When doing requirements prioritization there are some approaches that 
result better when performed individually, while some approaches perform better if 
used in groups or teams [25]. For example, if we consider more than one aspect i.e. 
cost/benefit and risk; then there is a possibility that people from both cost/benefit 
and risk departments work together to perform prioritization. People with expertise 
ability to measure cost/benefit are needed to make tradeoff between cost and benefit 
while risk analysis team will identify the early risks and try to mitigate those risks, 
which may result into implementation of incorrect requirements. If risk is high then 
the project manager, developers and other stakeholders should also be involved 
while performing prioritization. 
         

• Location –Location reflects amount of control or degree of freedom given to the 
participants while performing the experiment [25]. For example, if participants are 
asked to perform prioritization in closed environment then the results of the 
prioritization are different from open surrounding because external factors like 
discussions among peers, answering phone calls, and emails are controlled and 
monitored. 

     
• Duration of study – The duration of study not only consider the time spent on 

performing prioritization but it includes total time spent in the study(e.g. reading 
instructions, break in–between if allowed, answering pre–test and post–test 
questions)[25]. 
     

• Selection strategy for Prioritization approach – There are different ways of selecting 
prioritization approach (es) (1) participants themselves decide which approach (es) 
they want to use (2) could also be that a company representative (e.g. boss) select the 
approach and (3) researcher decides the approach for them etc. [25]. For instance, 
when we conduct experiment in industry then there is a high possibility that 
company representatives or employees decide the approaches they want to 
investigate rather than researchers. The reason to do that is because employees know 
about work environment better than researchers. 

 
• Role of the researcher – It is important to discuss the role of researcher (the one who 

is responsible for conducting and design experiment) [25]. For example, if 
researcher is a project manager or university teacher then it is important to know the 

                                                      
2 http://www.telelogic.com/products/focalpoint/index.cfm 
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relationship of project manager or teacher with employees or students. It is also 
important that participants must have faith in researcher that he/she will keep the 
results confidential and their results will not be evaluated individually or graded.  

 
III Subjects – It is important to report the detail information about participants, their 

background, cultures, and previous industrial experiences. This information will help 
researchers to investigate the results of experiment in more detail [25]. For example, 
participant having experience of working in mobile phone industry prioritize the 
mobile phone features from developers point of view considering technical aspects 
while the non experience person will prioritize from only user point of view. Therefore 
it is important to mention background of participants. The personal details about 
participants are mentioned below.  

 
• Role/Perspective – It is important to report the role/perspective when the experiment, 

case study, survey etc. is conducted in the industry. When we conduct experiments 
in industry then there is a possibility that employees working at different roles 
(project manager, analyst and developer) have different perspectives regarding 
prioritization [25]. For instance, developer may prefer to prioritize requirements on 
basis of complexity and dependency but management may use the cost and budget 
criterion while prioritizing requirements.  

 
• Commitment– Commitment acts as a motivational drive to accomplish task or work 

[54]. It is very important that participants must be committed to perform the 
prioritization. For better results, it is also important to motivate participants i.e. how 
they will be benefited from participating in the experiment. Commitment for the 
experiment is important, but not central for this part. Commitment here rather relates 
to the commitment for the prioritization, i.e. what they feel for the objects to 
prioritize. 
            

• The other factors of study set up i.e. the participant’s, age; gender and nationality 
also affect the results of experiment [25]. Therefore it will be good if we report about 
them. 
 

IV Requirement – Detailed information about requirements is important to report; since 
different approaches may be suitable for different types of requirements [25]. In this 
section we will discuss few parameters about requirements. 

 
• Number of requirements–As the number of requirements increases different 

techniques may face problems with scalability, accuracy or ease of use. Therefore it 
is important to report the number of requirements that are used in the experiment.  

 
• Type of requirement – There are different types of requirements e.g. functional 

requirements and non-functional requirements. It is important to discuss which type 
of requirements is used to perform prioritization because the few prioritization 
approaches are more suitable for functional type of requirements rather than non- 
functional requirements, or vice versa. 

 
• Abstraction level – Prioritization techniques can be compared in terms of suitability 

of requirements at different abstraction levels. For instance, there may be a 
possibility that requirements are divided into different abstraction levels like product 
level, feature level, component level and function level.  
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• Structure – It is optional to report how the requirements are structured. For instance, 
there may be a possibility that requirements are structured in terms of dependency, 
or complexity. But it will be good practice if actual requirements are presented. 

3.4 Selection of Subjects 
 

 When selecting subjects to include in a study, they are taken from some population. It 
is a difficult task to select the desired people from the whole population. Wohlin et al 
[24] describe two types of sampling: probability sampling and non probability 
sampling.  
 
   There are three types of probability samplings [24] 
 
• Simple random sample- In this kind of sampling, subjects are selected randomly 

from the population. 
 
• Systematic sampling- In systematic sampling first subjects is selected randomly from 

the population and after that every nth person is selected from the random list. 
 
• Stratified random sampling-First the population is divided into groups and then 

random sampling is applied on groups. 
 

      There are two types of non-probability samplings [24] 
 

• Convenience sampling - In this kind of sampling those participants are selected who 
are most conveniently or easily accessible. 
 

• Quota sampling-It is used to get subjects from various elements of the population. 
       

3.5 Experiment Design 
 
Wohlin et al [24] describe two types of experiment design principles: the general 

design principles and the standard design principles. 
 

3.5.1 General design principles 
    There are three kinds of general design principles that are commonly used in the 
design of experiments. The three design principles are randomization, blocking and 
balancing. Here we discuss only randomization. Randomization is the most important 
design principle and it should be apply to independent variables. It is important to 
randomize the order of treatments and the order of requirements for each prioritization 
approach [24] [50].The randomization in experiment helps in reducing order effect [8]. 

3.5.2 Standard design types  
      According to Wohlin et al [24] there are different kinds of design types. The design 

of experiment is based on mainly on two elements (1) number of treatments and (2) 
number of factors. The few different types of experiment design are mentioned below.  

   
• One factor with two treatments  
• One factor with more than two treatments  
• Two factors with two treatments 
• More than two factors with more than two treatments 
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  For example, the requirement prioritization experiment is based on one factor and 
two treatment design. In this type of design we compare two treatments on the basis 
of one factor. The factor can be prioritization approach and treatments can be 
prioritization techniques used in the experiment.  
 
  The statistical test that is used to reject null hypothesis also depends on type of 
design used in an experiment. For example, for one factor and two treatments design 
null hypothesis can be rejected by using Paired-t test, Mann-Whitney test or 
Wilcoxon-test [24]. Paired-t test can be used when sample data is normally 
distributed, otherwise non parametric Mann-Whitney or Wilcoxon tests are used to 
reject null hypothesis. We will discuss statistical tests in section 5.2 in detail. 

3.6 Instrumentation 
 
Instrumentation includes the tools, documentations; etc. that is provided to 

subjects during experiment [39]. The goal of instrumentation is to provide means for 
performing the experiment and to monitor it without affecting the outcome of the 
experiment [24]. 

 
            According to Wohlin et al. [24] the instrument of an experiment is of three types 

 
I. Object -The object used in an experiment is basically a specification or code 

document that is used to perform the experiment [24]. 
  

II. Guidelines- According to Wohlin et al [24], participants must be given guidelines to 
perform the experiment. Background knowledge about the topic (experiment), scope 
and aim of the experiment, instructions to perform the experiment must be provided 
to the participants [24]. 
               

III. Measurement tool-Measurements in the experiment are conducted via collection 
[24]. For instance, in paper based prioritization the data is collected by sheets, in tool 
based prioritization we can use database to collect data.  

 
   Summary 

 
This chapter presents the method of an experiment. In this chapter we discussed 

the goal definition of an experiment, null and alternate hypothesis used in an 
experiment, followed by selection of variables. There are three kinds of variables that 
must be investigated when conducting the experiment i.e. independent variables, 
dependent variables and context variables. 
 
  Independent variables are related to outcome of the study, we discussed an additional 
attributes of independent variables (i.e. qualitative process description, goal of 
prioritization, hierarchy level, input and output). The dependent variables we used in 
the study are time, scalability, accuracy, ease of use, and ease of learning, 
understandability of results and attractiveness of prioritization technique. The 
dependent variables can be measure either objectively or subjectively.  It is important 
to investigate the context in which we perform prioritization experiment. The context 
variables considered in this study are environment; study set up which includes 
(prioritization tool, work mode, location, selection strategy for prioritization approach 
and role of researcher), second is subjects which includes (role, commitment to 
perform experiment and pre-test) and requirements (number of requirement, type of 
requirements, abstraction level and structure). 
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   Further, we discussed about the selection of participants; the participants can be 
selected either by probability sampling or non probability sampling. We also 
mentioned two different types of design: general design and standard design of 
experiment. In last we discuss about the instrumentation (object, guidelines and 
measurement tool).   
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4 DESIGN OF EXPERIMENT 
 

     Experiment design is not a simple task; a lot of preparation is needed to design an 
experiment [24]. Design plays an important role in the success of an experiment; if an 
experiment is not designed properly there is a possibility that results of the experiment 
are adversely affected. The steps that are involved in experiment design are discussed 
in this section. This experiment has been designed based on the guidelines given by 
Wohlin et al [24].  

 
  This chapter is structured in the same manner as chapter 3; except section 4.7 in 

which we discuss about how experiment is executed in reality. The aim to structure 
this chapter under the same headings as chapter 3 is to separate theory from 
implementation. Further, it will help readers to relate the theory (method) with 
implementation (design). 

4.1 Goal Definition 
 
Analyze two (AHP and CV) requirement prioritization techniques for the purpose of 
evaluation of the prioritization techniques with respect to their time consumption, 
scalability, accuracy, ease of use and ease of learning from the viewpoint of users 
(students) in context of Msc. students studying in Software engineering /Computer 
Science at BTH. 

4.2 Hypothesis 
 

Null Hypothesis (H0): - The goal of the experiment is to study two prioritization 
techniques (AHP and CV) and to investigate following null hypothesis. 
 

The average time to conclude the prioritizations is equal for both techniques, AHP 
and CV. 

 
 H0: µAHP (t) = µCV (t) 

 
Alternative Hypothesis: - The alternative hypothesis of experiment is as follows: 
 
Average time to conclude prioritizations is not equal when using AHP and CV. 

H1: µAHP (t) ≠ µCV (t)  
 

   The other variables that we investigated in this experiment are scalability; 
accuracy; ease of use and ease of learning. These variables are investigated as 
descriptive statistics therefore we did not consider them as hypothesis. Descriptive 
statistics provides summaries about sample data and measures. Further; with help of 
tables and graphical representation descriptive statistics form the basis of quantitative 
analysis of data [24] [61]. 

4.3 Selection of Variables 
 
The three kinds of variables that we used in this study are independent variable, 

dependent variable and context variables. In this section we discuss how these 
variables are used in this experiment. 
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4.3.1 Independent variables 
     The independent variables that are used in this experiment are two prioritization 
approaches Analytical Hierarchy Process and Cumulative Voting. The additional 
parameters and attributes that are associated with these approaches are discussed 
below. 
 

I. Qualitative process description – In this experiment we used two prioritization 
techniques AHP and CV. The AHP is used as traditional AHP; using Saaty scale, the 
detail about scale used is mentioned in Table 2. In this experiment we do not use 
intermediate values (2, 4, 6, 8) of the Saaty scale. Further, instead of comparing each 
pair using traditional Saaty scale (i.e. 9 times more/less important, 7 times more/less 
important, 5 times more/less important, 3 times more/less important or 1-equally 
important); we use description. Here, we replace the numbers (9, 7, 5, 3, and 1) by 
(extremely much more/less important, very much more/less important, much 
more/less important, more/less important and equally important). We believe that 
use of description rather than numbers will provide better overview about Saaty 
scale and more flexibility to participants while using AHP prioritization technique. 
The CV is used as distribution of points; to provide flexibility to participants in 
distribution the points here we use 1,000 points instead of 100 points. Further, the 
theory and the background of both prioritization techniques (AHP and CV) are 
described in section 2.2 and 2.3. 

 
II. Goal–The goal of the prioritization is to select the most suitable requirements that 

must be implemented for the course management system.  
 

III. Hierarchy Level – The experiment is conducted by comparing prioritizing 
approaches residing on the technique level. The two requirement prioritization 
techniques compared in this experiment are AHP and CV. 

 
IV. Input –Inputs used in the approach (es) are divided into two parts; low level 

approaches and aspect taken into account. 
 

a. Low level approaches:-The two low level approaches that are used in 
experiment are AHP based on pair-wise comparisons using Saaty scale, and 
CV using 1,000 points distribution. 

 
b. Aspect taken into account:-. The ‘importance’ aspect is considered in this 

experiment. The participants were informed explicitly that the aspect to 
perform prioritization is “How important do they think it is that a particular 
requirement is part of the system?” Participants prioritize the given 
requirements according to what they think is important for future course 
management system. 

 
V. Output – Output of the prioritization is shown in form of lists. The two lists are 

shown to participants; the list reflects the most suitable requirements that results 
from both AHP and CV prioritization. Further, the details about lists are mentioned 
in section 6.4.3. 

                  

4.3.2 Dependent Variables 
     The dependent variables we investigate in this experiment are time, accuracy, 
scalability, ease of use, ease of learning. We also discuss two other dependent 
variables understandability of results and attractiveness of approach briefly. Here, 
we will only discuss how these variables are measured in this experiment (i.e. 



 
  

26

objectively or subjectively). We discuss the analysis and results of these variables in 
section 6.4 in detail.  

 
I. Time – In this experiment we measure time from both objective point of view and   

subjective point of view. The time is measured automatically by using tool and 
subjects were also asked about time consumption.  

 
II.  Accuracy – Accuracy is also measured in this experiment in both ways; we measure 

actual accuracy by using blind test and subjective accuracy by asking participants. 
 

III. Scalability – In this experiment, we measure scalability of both prioritization 
techniques (AHP and CV) on basis of time consumption i.e. time spent on 
performing prioritization by each technique. Further, the scalability is measured by 
comparing 15 and 30 requirements. The detail about scalability measures is 
mentioned in section 5.4.1 and 5.4.2.  

 
IV. Ease of use –Ease of use is determined by asking the participants for their subjective 

view. The participants were asked how easy it is to perform the prioritization with 
each of the techniques. 

 
V. Ease of learning – Similar to ease of use, ease of learning is also measured 

subjectively. The participants were asked about easy it is to learn the prioritization 
with each of the techniques. 

 
VI. Understandability of results – Understandability of results is measured subjectively. 

To measure perceived understandability of the results, the participants were asked in 
a post-test whether it is easy for them to interpret the resulting priority lists. 

 
VII. Attractiveness –We measured attractiveness the approaches subjectively by asking 

in post-test which of two techniques (AHP or CV) is more fun to use.  
  

4.3.3 Context Variables 
     In this section we will discuss about the context variables considered during the 
design of the experiment. The selection of context variables is based on Berander et al 
[25] research framework.  
 

I. Environment –. This experiment is performed in a university rather than the industry, 
so these variables are not reported.  

 
II. Study setup – In this section we will discuss the variables which are used to set up this 

experimental study. 
 
• Prioritization tool – The prioritization tool used in this experiment has been 

developed using MS Excel, it fulfills the requirements for this experiment. For 
instance, it facilitates us to perform calculations at the backend, automatic time 
measurement, sorting of requirements and many more features which paper based 
techniques do not facilitate. Other reasons to choose MS Excel are. (1)It provides a 
simple graphical user interface (2) it require less knowledge of programming e.g. 
macros (3) easy to make changes in the design and (4) previous experience of using 
MS Excel tool as a participant. The screenshots of tool are shown in Appendix C  
       

• Work mode – All the participants performed the experiment individually. They were 
not allowed to ask questions from each other but they were allowed to ask the 
questions from the researchers. 
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• Location – This experiment is conducted in a close environment (university 

computer lab) so that the participants can prioritize requirements with minimum 
external interference. The participants perform the experiment under moderate 
amount of control (i.e. they are not forced to switch off their mobile phones or 
restricted from using e-mail etc).  
         

• Duration of study – Before conducting the experiment we (researchers) estimated the 
time duration. The estimated time duration for group-A is between 2-3 hours and for 
group B it is between 3-4 hours. Details about group A and B, and the distribution of 
requirements are mentioned in section 4.6. 

 
• Selection strategy for Prioritization approach –This experiment is conducted under 

Master thesis project conducted in academia rather than industrial project. Therefore, 
researcher (master student) decides the approaches on basis of his personal 
motivation, interest, background knowledge about techniques and skills. 

 
• Role of the researcher – The researcher in this experiment is a master student at 

BTH. Also, researcher’s master thesis supervisor is equally involved in this study. 
During experiment researcher’s supervisor gave presentation to participants before 
the start of experiment which includes guidelines to perform experiment, 
background about techniques etc. Also; researchers clarify any doubt or questions 
asked by participants during experiment. The researchers were not a part of 
requirement engineering course so they are not directly involved with participants 
this could be threat. According to Berander et al [25] the relationship between 
participants and researcher could affect results of prioritization. 

 
III Subjects – Subjects involved in this experiment are Master Students because it is not 

possible to involve industry professionals due to lack of budget and time constraints 
[10]. Further; it is rarely seen that industrial developers can afford to use different 
technologies to evaluate which one is more effective [58]. The personal details about 
participants were asked in the pre-test.   

 
• Role – The experiment is conducted on master students rather than industry 

professionals, therefore we cannot consider the ‘role’ variable in this study. But we 
cannot ignore that, participants are users of the current system and possible future 
users. 

 
• Commitment – The participating students were told that their gain from participating 

in the experiment is primarily an opportunity to influence the next generation course 
management system by prioritizing most important requirements for the future 
system. Further, they will get the opportunity to try two different prioritization 
techniques that can be used in a number of decision support contexts. In addition, 
they will also get hands-on experience in participating in an experiment setup, being 
part of further strengthening the research at BTH. The requirements used in this 
experiment are real (i.e. course management system) rather than toy (unreal) which 
is another factor that motivates participants to perform prioritization better. 

 
• Other Factors – The participants were asked about their age, gender, background and 

nationalities in the pre-test of experiment. The results of pre-test is shown inn 
section 5.4.5  
 

IV Requirements –The information about requirements that are used in this experiment is 
mentioned below. 
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• Number of requirements – We have used 15 and 30 requirements in this experiment. 

The details about distribution of requirements are mentioned in section 4.6. 
 
• Type of requirement –We have used functional requirements based on the Course 

management system at BTH to perform prioritization. Details about requirements is 
mentioned in Appendix-A. In this experiment, the requirements used are similar to 
the one used in the previous experiment. For Group A (12 out of 15 requirements) 
and for Group B (21 out of 30 requirements) are selected from previous experiment.  

 
• Abstraction level – In this experiment, the participants prioritize high-level 

requirements of course management system. The reason to select the high level 
requirements of course management system because we believe that the high 
abstraction level of requirements have equal affect on the consumed time for 
experiment using both AHP and CV. Further due to limited time of experiment we 
have chosen high level requirement to ease prioritization. In this experiment we were 
more concerned with accuracy and efficiency therefore we need high level 
requirements so participants can easily prioritize them. The requirements used in 
experiment are shown in Appendix-A.  

 
• Structure – In this experiment requirements are not structured in terms of 

dependency or complexity; the participants prioritize requirements on the basis of 
importance. 

4.4 Selection of Subjects 
 

       In this experiment, selection of subjects is based on the convenience sampling. The 
students at BTH that take the course on requirements engineering are easily accessible 
therefore they are selected as participants. The students divided into two groups to 
perform the experiment. A detail about the groups is mentioned in section 4.5.2. 

4.5 Experiment Design 
 
Wohlin et al [24] describe two types of experiment design principles: the General 

design principles and the Standard design principles. 

4.5.1 General design principles 
        In this experiment we have used randomized design. The order of treatments is 
randomized i.e. the order of performing prioritization techniques (CV and AHP) are 
randomized. The details about randomization are mentioned in section 4.5.2. 

4.5.2 Standard design types  
    The standard design of this particular experiment is similar to the experiment 
conduced by Karlsson et al [16]. In this experiment we have used “one factor and two 
treatments” design type. The factor is the prioritization method and treatments are 
AHP and CV. The experiment is conducted on master students; they are first divided 
into two groups A and B, followed by sub groups A1, A2 and B1, B2. Group ‘A’ 
performed the experiment on 15 requirements and group ‘B’ performed the 
experiment on 30 requirements. The order of activities is shown in Table 13.  
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                Table 13-Order of Activities  
                   Group A                     Group B 

GroupA1 GroupA2 GroupB1 Group B2 
CV AHP CV AHP 

AHP CV AHP CV 
    

• Group A1 performs experiment on CV first and second on AHP using 15 
requirements. 

• Group A2 performs experiment on AHP first and second on CV using 15 
requirements. 

• Group B1 performs experiment on CV first and second on AHP using 30 
requirements. 

• Group B2 performs experiment on AHP first and second on CV using 30 
requirements. 

 
     There were total 57 participants participated in the experiment. The participants 
are divided into two Group A and Group B. Group A has 31 participants (16 
participants in subgroup A1, 15 participants in subgroup A2), which were asked to 
prioritize 15 requirements. While there were 26 participants in Group B (14 
participants in subgroup B1, 12 participants in subgroup B2); which were asked to 
prioritize 30 requirements. The groups were initially divided into two equal halves 
but due to the availability problems of participants there is an uneven distribution in 
groups (i.e. some participants could not attend morning session and were adjusted in 
afternoon session etc). The detail about session is mentioned in section 4.7. 
 
   There may be a possibility that the order (sequence) in which participants performs 
prioritization can affect results of the study. To overcome the order effect we divided 
both the groups A and B into sub groups (A1, A2), (B1, B2). These, sub groups 
perform the experiment in different orders to eliminate the order effects. This is 
called a simple repeated measure design, using counter balancing [8] [30]. 

  

4.6 Instrumentation 
 

  One of the most time consuming and important tasks in an experiment is to develop 
instrumentation for an experiment. The instrumentation is not only limited to 
prioritization as such but it also includes pre-test and post-test questions. It is essential 
that pre-test and post test must be designed carefully because in most of experimental 
studies subjective opinion is used to answer research questions. In this section we will 
discuss the three types of instruments that are used in this experiment.  

 
I. Objects – The objects used in this experiment are the requirements to prioritize. The 

details on the requirements used in this experiment are mentioned in Appendix-A. 
 

II. Guidelines –Participants were informed about the experiment well in advance, also 
brief guidelines about the experiment were made available to them (via e-mail) a 
week before the experiment. A short 20 minutes presentation was given to the 
participants before the start of the experiment. The following information was 
provided to the participants (1) theory about Analytical Hierarchy Process and 
Cumulative Voting (2) instructions to perform the experiment and (3) aim of the 
experimental study.  

 
III. Measurement tool – In this experiment the data is collected in an excel file.  
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4.7 Experiment Execution 
 

    This experiment was conducted in two computer rooms at BTH during a one day 
session. The sub-groups A1 and B1 performed experiment in the morning session 
from 8:00am-12:00pm and sub-group A2 and B2 performed experiment in afternoon 
session from 1:00pm-5:00pm. If participants had any question than they were allowed 
to ask researchers. For instance, few participants had problems while enabling the 
macros; researchers helped them to do so. Further, the presence of researchers 
restricted the external interference and provided control environment to participants. 
The experiment did not take longer than four hours. In fact, researchers expected it to 
take less than four hours; so that participants did not feel stressed. 
  
   The experiment tool is composed on 10 MS Excel sheets, in which 9 sheets were 
used by participants to perform experiment. The screen-shot of all 9 sheets are shown 
in Appendix C.  
 
The work flow (the order in which 9 sheets are used) of experiment is shown below: 
 

I. Pre-test questions – The purpose of the pre-test is to ask participants regarding 
their background like age; nationality; study program; gender; their previous 
knowledge about requirement prioritization. This information will help 
researcher in analysis. 

 
II. Instruction to perform first prioritization technique – Instructions provide 

guidelines to participants regarding how the instrumentation is designed to 
perform prioritization. Further; it also tells about significance and usage of 
buttons; text boxes; combo box etc. used while doing prioritization. 

 
III. Prioritize the requirement by using first prioritization technique – Use the 

prioritization technique according to the instructions. 
 

IV. Post test questions about first prioritization technique – After prioritization 
done by using first prioritization method, of questions regarding the first 
prioritization method are asked to participants.  

 
V. Instruction to perform second prioritization technique – Same as II but with 

second prioritization technique 
 

VI. Prioritize the requirement by using second prioritization technique –Same as 
III but with second prioritization technique 

 
VII. Post test questions about second prioritization technique – Same as IV but with 

second prioritization technique 
 

VIII. Display results of experiment – After using both prioritization techniques; the 
results from both prioritization techniques are shown to participants. 

 
IX. Final post test questions about both prioritization techniques – In final post-

test; questions regarding both prioritization techniques are asked. The purpose is 
to get subjective opinion of participants regarding both techniques used in an 
experiment. 

 
    Further in this section we will discuss the two additional attributes that are given by 
MS Excel tool which is not possible with paper based prioritization tool. 
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Break – During the experiment, the participants were allowed to take one break while 
using AHP because a large number of comparisons could adversely affect participant’s 
performance and make them stress. The information regarding break usage is as 
follows. When participant click on break start button the excel sheet will become read 
only and no actions can be performed. To continue the prioritization participant have 
to click break end button. The screen-shot can be seen in Appendix C. The time spend 
on break is automatically stored. This help researcher to calculate exact time the 
particular participant spent on prioritization. The results of experiment show that none 
of the participant from Group A use breaks option, while 7 participants from Group B 
use it. We can infer from these results that participants do not get stressed while 
prioritizing 15 requirements (105 comparison) therefore they did not use break option, 
but as the number of requirements increases from 15 to 30, the number of pair wise 
comparison also increases (435 comparison) and the participant starts getting stress ed 
and therefore they use break option.  
 
Sort – While prioritizing with CV, the participants can use sort button which 
iteratively sort the requirements. The screen-shot can be seen in Appendix C. The few 
participants after the experiment provide their feedback to researcher that the usage of 
sort button helps them in distribution of points. Further, it also provides them better 
overview about requirements. Author also agree with participants that if sorting is 
performed iteratively while doing CV than participants can continuously see/monitor 
the sorted list and can modify the distribution of points if needed. The results of the 
experiment show that on average, the Group A participants uses Sort button 3.70 times 
while Group B participants used it 4.76 times.  
 
     After completing the experiment, the participants save the excel file and send it to 
researcher. The next task for researcher is to perform analysis on data collected from 
experiment. Once analysis is done, the results of prioritization were sent to all the 
participants who participated in experiment. The results of prioritization are shown in 
Appendix B.  

 

Summary 
 

This chapter presents the design of the study presented in thesis. We discussed that 
the goal of experiment is to analyze AHP and CV in aspect of time, scalability, 
accuracy, ease of use and ease of learning. The null hypothesis of experiment is that 
both AHP and CV results into same time consumption, while the alternative 
hypothesis is that the time consumption differs between both AHP and CV.  

 
There are three kinds of variables that investigated in detail: independent variables, 

dependent variables and context variables. Independent variables that are used in this 
experiment are two prioritization techniques AHP and CV; we also discuss the 
attributes that are related to independent variables i.e. qualitative process description, 
goal of prioritization, hierarchy level, input and output. The dependent variables time, 
scalability, accuracy is measured both objectively and subjectively. While ease of use 
and ease of learn is measured only subjectively. We also discussed how context 
variables study setup, subjects and requirements affect the outcome of the study.  

 
Further, we discussed that participants are selected on basis of convenience 

sampling. We also discuss that the design used in this experiment is simple repeated 
measure design, using counter balancing. We also discuss about instrumentation which 
includes information regarding objects, guidelines and measurement tool. In last; we 
discuss how experiment is executed in reality. 
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5 ANALYSIS AND INTERPRETATION 
   
In this chapter we will discuss about the statistical and empirical analysis on data 

that we collected in the experiment. In section 5.1 we will discuss about outliers. In 
section 5.2 we will present normality testing i.e. Shapiro-Wilks test. In section 5.3 we 
will discuss non-parametric test i.e. Mann-Whitney tests. Further, in section 5.4 we 
mentioned the descriptive statistics results of the experiment with respect to 
scalability, accuracy, ease of use and ease of learning. 

5.1 Outliers 
 
An outlier is an observation that lies at abnormal or “far away” distance from other 

data values in the data set. Most of the time, we observed that a few values do not 
follow the normal trend and they appear far away or oddly distributed. This may be 
because they do not fit well into defined theory or may be due to systematic error [48] 
[49].Outliers are a threat to validity of the research results and they must be removed 
to provide consistency in data analysis. Outliers contain valuable information about the 
study; therefore they must be carefully examined before removing them [42]. Before 
removing them from the study, we should also consider why the outliers occur in 
experiment and what will be the consequences on the results if we remove them. There 
are different techniques that can be used to remove outliers from data. The most 
common techniques are scatter plots and box plot [49]. 

 
  In this experiment we identify outliers on the basis of (1) consistency ratio (CR) of 
AHP prioritization technique and (2) time spent on prioritization when using CV and 
AHP. We believe that participants, whose results are not consistent i.e. value of CR is 
much higher than threshold value did not perform experiment seriously. The author 
believes that reason for inconsistency in AHP results can be the lack of concentration 
while performing pair-wise comparisons. 
 
 We found the 5 outliers in this experiment out of which four outliers (80%) are from 
Group A and one outlier from Group B. We use value of RI from Table 9 to find 
outlier for Group A (15 requirements). The value of RI is only available for 15 
requirements. Therefore, in order to find outliers for Group B (30 requirements) we 
first have to calculate the value of RI for 30 requirements. We calculate the value of RI 
for 30 requirements by performing extrapolation using regression (logarithmic) 
analysis. The calculated value of RI for 30 requirements is 2.18. We use this value to 
calculate CR for 30 requirements. Figure 1 shows the box plot for both CR (CI/RI) for 
both Group A and Group B.   
 
 After eliminating outliers from the study based on the consistency ratio, outliers are 
identified in relation to the time variable. The participants that took much more/less 
time than expected to perform prioritization should also be eliminated from study. The 
value of time variable outlier (AHP and CV) for Group A and Group B is also shown 
in Table 14. The value of consistency ratio outlier for Group A is 0.368 and for Group 
B is 0.497 is shown in Table 14. The value of consistency ratio is calculated according 
to formula mention in section 2.2.2. All the participants having CR value higher than 
0.368 in Group A and 0.497 in Group B are eliminated from analysis of study. 
Interestingly, we could not find any outlier when using time variable. The outliers 
calculated in this experiment are medium outliers.  
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       Table 14- Outliers in Experiment 
Group Factor Outlier 

A Consistency Ratio (AHP) 0.368 
 Time to perform AHP  No Outlier(39.28 min) 
 Time to perform CV  No Outlier (18.93 min) 
   

B Consistency Ratio(AHP) 0.497 
 Time to perform AHP  No Outlier(147.39 min) 
 Time to perform CV  No Outlier(39.75min) 
   

            Figure 1- Box Plot for CR (CI/RI) and Time 

 
 
  This means that instead of performing analysis on data of 57 participants we 
performed analysis on data of 52 participants. 

5.2 Normality Testing 
 

    The aim of normality testing is to validate whether sample data is normally 
distributed. It is important to perform normality tests in order to determine the nature 
of data. The data can be of two types: parametric or non-parametric. The data is 
parametric if it shows normal distribution3 of curve, otherwise it is non-parametric [40] 
[47]. Wohlin et al [24] discussed that if experimenter is not sure whether data is 
normal distributed then non-parametric tests should be used because parametric test 
are considered to be more powerful than non-parametric tests. Here; we use Shapiro-
Wilks test to determine whether data of this experiment is normally distributed or not.  

 

5.2.1 Shapiro-Wilks Test 
The Shapiro-Wilks test tests; whether the sample data is normally distributed 

[41].The test rejects the null hypothesis when the Probability (P) value of W is very 
small. The W is a measure of the straightness of the normal probability plot. Most of 

                                                      
3 Normal distribution curve is basically a probability distribution consist of two parameters mean 
and standard deviation. When value of mean = 0 and standard deviation = 1 than it is called 
standard normal distribution  
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researchers believe that for small to medium data Shapiro-Wilks test is most reliable to 
verify that data distribution is a non parametric [41][43].  

 
The stats-direct4 tool is used to calculate Shapiro-Wilks P value for the data, we 

use time variable (time spend on prioritizing requirements using both CV and AHP) as 
sample data to measure normalization. The Shapiro-Wilks test provides the evidence 
that time (data) corresponds to CV is not normally distributed for both groups A and 
B. And for AHP, test does not provide any evidence of non normality. The results of 
Shapiro- Wilks test are shown in Appendix D. Since we are not sure about normal 
distribution of data regarding AHP, we will apply non-parametric test to try to reject 
the null hypothesis. In section 5.3 we will discuss more about non-parametric tests.  

5.3 Non-Parametric Test 
 
After performing Shapiro-Wilks test, we found that data is not normally 

distributed. Therefore, in order to reject the null hypothesis of experiment we will 
perform non-parametric tests. As mentioned in section 4.6, the design of this 
experiment is one factor and two treatments therefore we will apply non-parametric 
Mann-Whitney test to reject null hypothesis. Here, we also used stats-direct tool to 
perform non-parametric Mann-Whitney test. 

 

5.3.1 Mann-Whitney Test 
Mann-Whitney test is a non-parametric test which is used to compare two 

independent groups of sample data [37]. The null hypothesis followed by Mann-
Whitney test is based on an assumption that since both observations are drawn from 
same population so difference between average values will be zero or both samples 
have same median value [45][46]. In this experiment observations are time 
consumption to perform prioritization using CV and AHP. Therefore null hypothesis 
for Mann-Whitney test in this case is  

 
H0: The average time to conclude the prioritizations is equal for both techniques, 
AHP and CV.  
 
The application of Mann-Whitney test provides the evidence that an average value 

of time consumption for both CV and AHP is different; because the value of P is less 
than 0.0001. We can reject null hypothesis on the basis of results given by test. The 
results of Mann-Whitney test is mentioned in Appendix D.  

5.4 Results 
 
In this section we discuss the results from this experimental study. Here; we will 

discuss the results of the variables time, scalability, accuracy, ease of use and ease of 
learning in detail.  

 

5.4.1 Evaluation of Time Variable  
        In requirement engineering, time  is one of the most important variable that is 
considered while selecting prioritization technique because time spent on 
prioritization effects results of other dependent variables e.g. scalability [8]. In this 
section we will analyze the results of the experiment in the perspective of time 
variable. As mentioned in section 3.4.2, the amount of time spent on prioritization 
technique can be calculated both objectively and subjectively. The time in this 

                                                      
4 http://www.statsdirect.com/ 
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experiment is calculated automatically by using MS Excel tool, and subjects were 
also asked during post-test that whether the time spent when prioritizing technique is 
relevant.  

5.4.1.1 Comparison of CV and AHP in terms of Average Time Consumption 
As number of requirements in industry now days, scalability is one of the serious 

issues which organizations are most concern about [8]. Any prioritization technique 
works well if number of requirements is small but problems arise when the number 
of requirements increases. According to Berander [8] the time spend on prioritization 
is inversely proportional to scalability the less the time taken by technique to 
perform prioritization the more scalable it is. 

 
As shown in Table 15 the percentage increase in average time consumption for CV 
is 76.87 % while for AHP it is 244.89 %. This concludes that as number of 
requirements increases from 15 to 30, the average time consumption is more effected 
in AHP than CV. In this sense, one can say that the scalability of AHP decreases 
faster than CV when number of requirements increases. 

              
            Table 15- Average Time Consumption for both CV and AHP 
              

 
 
 
 
 
 
 
 
 

         

5.4.1.2 Time Consumption per Requirement 
Time variable can also be analyzed in terms of consumption of time per 

requirement. When number of requirements increases, one can expect both AHP and 
CV to perform faster prioritization meaning that time consumption per requirement 
should decrease.   

 
             Table 16- Time Consumption per Requirement  

Number of  
Requirements 

Number of 
comparisons (AHP) 

Time consumption per sec  
(requirement/comparison) 

  CV AHP 
15(Group A) 105 12.32 30.44 
30(Group B) 435 10.26 26.92 
Percentage 
Decrease 

 16.72 % 11.56 % 

 
     As shown in Table 16, there is decrease in time consumption per requirement for 
CV (from 12.32 sec/ requirement to 10.26 sec/requirement) as number of 
requirements increases from 15 to 30. Also for AHP there is decrease in time 
consumption per comparison (from 30.44 sec/ comparison to 26.92 sec/comparison) 
as number of comparisons increases from 105 to 435. In this sense, we infer that 
when number of requirements increases the complexity to perform prioritization 
using both AHP and CV does not increase. To the contrary, both techniques are even 
faster with more requirements.  

      Number of 
Requirements 

Average Time Consumption (minutes) 

 CV AHP Difference 

15(Group A) 7.61 21.56 13.95 

30(Group B) 13.46 74.36 60.90 

Percentage Increase 76.87 % 244.89%  
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5.4.1.3 Comparison of CV and AHP in terms of Time Consumption-
Subjective View 

In this section we will evaluate how the time variable is measured subjectively. 
To measure time variable subjectively, the participants were asked in each individual 
post-test (both for CV and AHP) whether ‘time spend on prioritizing the 
requirements was relevant considering the number of requirements’. The scale used 
in the individual post-test is different from final post-test. In an individual post-test, 
the participants have to provide their opinion about the particular prioritization 
technique, rather than comparison of two techniques which is done in final post-test. 
The scale used in individual post-test focus on whether participants agree or disagree 
while giving answer to the questions asked. To provide flexibility to the participants 
we have use wider range of scale; participants have to select one option from five 
given options. The options are (strongly agree, agree, neutral, disagree, and strongly 
disagree). The screenshot of individual post-test is shown in Appendix C. Due to the 
limited scope of thesis work, in this analysis we only consider the strongly 
agree/agree option. The ‘neutral’ and strongly disagree/disagree option is not 
considered for detail analysis. Further; we merge the strongly agree/agree as agree 
and strongly disagree/disagree as disagree while reporting results.   

 
Graph 1 show that in case of Group A, the 70% of participants “agree” that time 

consumption is relevant for CV while 37% “agree” that time consumption for AHP 
is relevant. 

 
                            Graph 1- Post-test (Time Consumption) for Group-A 
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       Graph 2 shows that in case of Group B, the 76% of participants “agree” that 
time consumption is relevant in case of CV while 48% “agree” that time 
consumption for AHP is relevant. 
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                               Graph 2- Post-test (Time Consumption) for Group-B 
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   The results of both the groups show that majority of the participants think that time 
consumption for CV is more relevant than for AHP. By relevant we mean that time 
spend on prioritization is more appropriate in case of CV than AHP. In this sense, we 
conclude that participants favor CV more than AHP for both the groups, in terms of 
time consumption.  
 

5.4.2 Evaluation of Scalability of CV in perspective of Explicit Weights 
and Amount of Divergence 
    One of the objectives to conduct this experiment is to evaluate how the scalability 
is affected as the number of requirements increases. Here we will discuss how the 
scalability of CV is affected when number of requirements increases from 15 to 30. 
Berander et al [15] have mentioned two aspects that can be used to measure 
scalability of CV: (1) explicit weight and (2) amount of divergence. 

5.4.2.1 Explicit Weight 
    In context of requirement prioritization, an explicit weight is defined as the 
number of requirements that are given non-zero weight while performing 
prioritization. It provides us an indication about to what extent the participants 
explicitly considered the requirements and assign non-zero weight [15]. For instance, 
if in an experiment there are 15 requirements and say participant X assigns explicit 
weights to 12 requirements out of 15. This shows that X seriously considered each of 
12 requirements while performing prioritization. 

 
Berander et al [15] have discussed that an explicit weight is related to the scalability. 
As the number of requirements increases it is difficult to retain all requirements i.e. 
the number of requirements that the participant can seriously consider when 
performing prioritization decreases. In this sense, we can infer that as the number of 
requirements increases, the percentage of explicit weights decreases. 

 
     As shown in Graph 3, the percentage of explicit values decreases as the number of 
requirements increases from 15(Group A) to 30(Group B). The Graph 3 shows drop 
of 1.9% of explicit values when number of requirements increases. With such a 
small difference it is not possible to conclude that the scalability of CV decreases as 
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the number of requirements increases but it show that scalability is affected when 
number of requirements increases. The results in other studies have shown 
significant difference in explicit weights when number of requirements increases 
[15]. Therefore; author believe that explicit weight is important factor that should be 
considered while measuring scalability of CV. 
  

                                 Graph 3-Comparison of Explicit weights 
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5.4.2.2 Amount of Divergence 
The divergence in requirement prioritization is defined as the number of unique 

weights that are assigned to the requirements when doing prioritization. It gives us 
an indication that up to what extent the participant can provide unique weights to 
given requirements [25]. We analyzed from the results of this experiment that 
participants assign unique weights at beginning of prioritization but later they start 
categorizing requirements as one block and assign similar weight to all the 
requirements in that block. We also analyze that participants prefer to use easy 
weights (i.e. multiples of 5 or 10) which also reduce scope for degree of divergence. 
We believe that it is human nature, to distribute points in multiples of 5 or 10 
because it helps them to keep track of number of points distributed/left when doing 
prioritization using CV. Berander et al [15] discussed that rationale behind decrease 
in degree of divergence as number of requirements increases on basis of the study 
conducted by Miller (1956) that human brain has ability to remember only 7+- 2 
objects at one time. 

 
    In terms of the scalability, the amount of divergence is important because it 
measures the ability of the participant to differentiate between the importances of 
requirements by assigning unique weights to them [29]. 
 
  As shown in Graph 4, the percentage of amount of divergence decreases as number 
of requirements increases from 15(Group A) to 30(Group B). The drop of 11.32 % 
of amount of divergence concludes that scalability of technique decreases as number 
of requirements increases. In this sense, we conclude that the CV with less number 
of requirements provides better overview of requirements.  
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                                    Graph 4-Comparison of Amount of Divergence 
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5.4.3 Evaluation of Accuracy of Prioritization Techniques 
In this experiment we analyze accuracy both from objective (actual) and 

subjective (perceived) point of view. After using both prioritization techniques, the 
two sorted lists (List A, List B) of requirements (from both AHP and CV) are shown 
to the participants. The lists show the results of the prioritization. The participants 
have to select one list and provide motivation behind the selection of list. An 
example screen-shot of such lists can be seen in Appendix C. Also, in the final post-
test the participants provide their subjective opinion which of the two prioritization 
techniques (AHP and CV) corresponds best to what they think is important i.e. 
which of the two techniques they think will provide more accurate results. While 
measuring accuracy few participants misinterpret the lists and final post-test; we will 
discuss those results separately. The motivation regarding misinterpretation and 
selection of both choices is mentioned in section 6.2. 

5.4.3.1 Comparison of CV and AHP in perspective of Actual Accuracy 
Once the participants were done with prioritizing the requirements by using both 

techniques, results of the prioritization are shown in form of lists. The screen-shot of 
result sheet can be seen in Appendix C. The participants also have to provide their 
judgment about which of the two priority lists that they prefer, and to what extent. 
For example, participant X selects that List A is much better than List B, this means 
that X thinks that List A corresponds best to what he/she think is important i.e. the 
order of the requirements in List A is much better than List B. Other options to select 
list are better and equal. Here we also merge the scale options much better and 
better. For example; 3 participants report CV is much better than AHP and 2 
participants report CV is better than AHP. We merge the results and report that 5 
participants favor CV more than AHP. 

 
Graph-5 shows results of actual accuracy for Group A. As can be seen, 55.55% 

of the participants favor CV, while only 18.51% of the participants favor AHP. Only 
3.72% of the participants think that both priority lists corresponds equal to their 
view. The results clearly indicate that participants favor the results from CV more 
than AHP. 
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                             Graph 5-Actual Accuracy for Group -A 
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The Graph-6 shows the result of actual accuracy for Group B. As can be seen, 
36% of participants favor CV, 32% of participants favor AHP and 12% of 
participants think that both priority lists corresponds equal to their view and 20% of 
participants misinterpret the lists. The results show techniques are almost equally 
favored. However, due to misinterpretation, it is difficult to conclude that which 
technique participants favored more. 

 
Graph-5 and Graph-6 shows that total 21.15% (11 out of 52 participants) of 

participants misinterpreted the lists. There is a possibility that participants who 
misinterpret list can favor AHP for Group A and CV for Group B or vice versa. In this 
regard we could not conclude any results regarding actual accuracy.  

                                        
                            Graph 6-Actual Accuracy for Group -B 
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     While measuring actual accuracy, author was concerned about one important 
issue that there may be a possibility that participants recognize the CV list easily. As 
mentioned in section 5.4.2.1, when doing prioritization using CV, participants can 
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give ´0´ weight to requirements they think are not important. But in AHP due to pair 
wise comparisons all requirements definitely have an explicit weight i.e. non zero 
weight. The participants may recognize the lists by using this criterion (i.e. the list 
having ‘0’ weight is CV). Therefore, to identify how many participants recognize the 
lists we evaluate the motivation provided by participants for the selection of lists. 
There may be a possibility that participants may admit that they recognize the lists. 
Though it is not perfect way but it is an optimal way to analyze that how many 
participants recognize the lists. Interestingly, in analysis we haven’t found that any 
of the participants thought in this manner, rather participants selects the list 
according to their judgment. In this sense, we conclude that this criterion is not a 
threat to results of prioritization. 

5.4.3.2   Comparison of CV and AHP in perspective of Perceived Accuracy  
In this section, we will discuss participant’s subjective opinion regarding accuracy. 

In final post-test participants were asked which prioritization technique (CV or AHP) 
they think provide most accurate results. 

 
Graph-7 shows the results of perceived accuracy for Group A. The graph shows 

that 74.07% of the participants favor CV, 7.40% of the participants’ favor AHP, 
7.40% of the participants think that both CV and AHP provide accurate results, and 
11.11% of the participants misinterpreted the final post-test. The results shown from 
the graph indicate that the participants favor CV more than AHP.  

                          
                                 Graph 7-Perceived (Subjective) Accuracy for Group -A 
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Graph-8 shows the result of perceived accuracy for Group B. In Group B, 68% 
of the participants favor CV, 24% of the participant favor AHP, 8 % of the 
participants think that both CV and AHP provide accurate results, and none of the 
participants misinterpreted the final post-test. The results here also indicate that the 
participants favor CV more than AHP.  

 
The Graphs-7 and Graph-8 show that a few participants misinterpreted the final 

post-test questions and favor both CV and AHP. The motivation behind the 
misinterpretation and selection of both techniques is provided in Section 6.2.  
Further, the design of final post-test can be seen in Appendix C. 
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                               Graph 8-Perceived (Subjective) Accuracy for Group -B 
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      In order to investigate why AHP is less favored than CV in terms of perceived 
accuracy, we use pre-test results of the experiment. As shown in Table 17, 13 
participants have little and 20 participants have very little knowledge about AHP and 
only 3 participants have much knowledge about AHP. On the other hand, 11 
participants have adequate knowledge about CV. In this sense we conclude that most 
of participants do not know theory about AHP and importance of pair-wise 
comparisons. Further; due to the black box nature of AHP the participants do not 
trust the results of AHP technique [16]. This can be a reason most of the participants 
favor CV more than AHP in terms of perceived accuracy in the final post-test.  
 

       Table 17- Pre-Test  
 Very Little Little Some Much Very Much 
Knowledge about  
Cumulative Voting 

14 8 19 11 0 

Knowledge about  
Analytical Hierarchy Process 

20 13 16 2 1 

Knowledge about  
Requirements Prioritization 

1 3 28 18 2 

Knowledge/Experience 
 with course management system

5 12 20 9 6 

     
  To strengthen this opinion; we compare the results of this experiment with previous 
experiments done in the past by other researchers. 
 
The study done by Karlsson et al [6] results that AHP is most reliable technique i.e. 
accurate technique. Ahl [50] experiment results show that AHP is worst technique in 
terms of accuracy. Berander et al [8] experiment also results that Planning Game 
(PG) is favored more than PWC (pair wise comparison) in terms of accuracy. Also; 
Karlsson [57] could not draw any conclusions from experiment regarding accuracy 
of TPWC 5(Tool Pair Wise Comparison) and PG. 
 

                                                      
5 Lena Karlsson replicate the experiment done by Karlsson et al[16] in which she replace 
paper based pair wise comparison  by tool support and name it TPWC(Tool pair Wise 
Comparison).Details about experiment can be seen in reference 57. 
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  We analyzed that the AHP is favored in Karlsson et al [6] experiment because all 
participants in their experiment have vast knowledge and experience in area of 
requirements prioritization. There is a high possibility that the participants also have 
much knowledge about AHP and the importance of pair-wise comparisons. This can 
be a reason that participants in that experiment favor AHP more than other 
prioritization techniques. On the other hand, Ahl [50] and Berander et al [8] 
conducted experiment on students who have good knowledge but less experience 
regarding requirements prioritization techniques i.e. AHP. There is a possibility that 
due to lack of experience, AHP technique is neglected in their experiment. Further, 
Karlsson [57] could not conclude accuracy results regarding TPWC. Since pre-test 
was not done in her experiment therefore we do not know how much participants 
know about TPWC. Author believes that still lot of research is needed to strengthen 
the fact that whether the previous knowledge about AHP and how much knowledge 
regarding importance of pair-wise comparisons affects the results of AHP while 
measuring accuracy. 
 
In this experiment we could not conclude which prioritization technique is more 
accurate in terms of actual accuracy but the perceived accuracy results clearly shows 
that AHP is less favored than CV in terms of accuracy. 
 

5.4.4 Evaluation of Ease of Use and Ease of Learning of Prioritization 
Techniques 

In this experiment we use subjective way to evaluate both ease of use and ease 
of learning of CV and AHP. We believe that after experiencing both the 
prioritization techniques, the participants can provide better judgment about 
techniques. In final post-test the subjects were asked about which of the two 
techniques they think is most easy to use and easy to learn. The results of the final 
post- test are shown in Table 18. The motivation behind the misinterpretation and 
selection of both choices is provided in Section 6.2.  

 
     Table 18- Final Post-Test - Ease of use and Ease of learn 

Number of 
Requirements 

Aspect Subjective Opinion (In Percentage) 

  Favor 
CV 

Favor 
AHP 

Both Misinterpret 

15(Group A) Ease of Use 70.37 18.51 0 11.11 
30(Group B)  92 8 0 0 

      
15(Group A) Ease of learn 59.25 18.51 11.11 11.11 
30(Group B)  60 40 0 0 

5.4.4.1 Comparison of CV and AHP in perspective of Ease of Use 
As shown in Table 18, 70.37% of the participants in group A favor CV while 

only 18.51% of the participants favor AHP. As number of requirements increases 
from 15 to 30 the percentage of the participants favoring CV also increases. In group 
B, 92% of the participants favor CV and only 8% of participants favor AHP. In this 
regard, we conclude that as number of requirements increases the participants more 
tends to favor CV than AHP.   

 
The ease of use is also related with time consumption to perform prioritization. 

As shown in Table 15, the average time consumption for CV is very less compared 
to AHP for both groups. This can be a reason that the participants favor CV more 
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than AHP in terms of ease of use. In this sense, we conclude that less the time taken 
by technique to perform prioritization, the easier is it to use.  

5.4.4.2 Comparison of CV and AHP in perspective of Ease of Learning 
As shown in Table 18, the participants favor CV more than AHP, regarding ease 

of learning. For group A, 59.25% of the participants favor CV while 18.51% of the 
participants favor AHP. While for group B the 60% of participants favor CV and 
40% of participants favor AHP. Here, we cannot infer how ease of learning is 
affected when number of requirements increases from 15 to 30 because 22.22% of 
participants either answer both the choices or misinterpreted the final post-test.  
 
To draw some more conclusions regarding ease of learning we analyze both CV and 
AHP prioritization techniques in perspective of individual post-test. 
 
The results of individual post-test of both groups are shown in Table 19. The scale 
used in the individual post-test is mentioned in section 5.4.1.3. The results show that 
the most of the participants agree that both CV and AHP are easy to learn. In Group 
A 55.55% and in Group B 88% of the participants agree that AHP is easy to learn. 
Further; 77.77% of participants in Group A and 92% of participants in Group B 
agree that CV is easy to learn. This means that both techniques are easy to learn. 
 

               Table 19- Individual Post-Test - Ease of learning 
Number of 

Requirements 
Aspect Subjective Opinion (In 

Percentage) 
  Agree CV Agree AHP 

15(Group A) Ease of 
learn 

77.77 55.55 

30(Group B) Ease of 
learn 

92 88 

 
   We conclude that the results of individual post-test differ from final post-test due 
to the change of scale (i.e. change to relative comparison). In this regard we 
conclude that it is important to analyze when participants are providing their 
subjective opinion i.e. individual post-test or final post-test.   
 

5.4.5 Other Results 
In this section we will discuss results of two more dependent variables, 
understandability of results and attractiveness of approach briefly and information 
regarding background of participants. 

 
Understandability of results:   In this experiment we measured understandability of 
results subjectively. To measure perceived understandability of the results, the 
participants were asked in the final post-test whether it was easy for them to interpret 
the resulting priority lists. From 52 participants, 49 participants agree that they 
understand the resulting priority lists, i.e. 94.23% of participants understood the 
resulting priority lists. In this sense, we conclude that participants do not face any 
difficulty in understanding the results.  

 
Attractiveness: In this experiment we measured attractiveness of the prioritization 
approaches in a subjective way. To measure attractiveness, the participants were 
asked in the final post-test which prioritization technique they thought was more fun 
to use. The results of the final post-test show that 75% of participants favored CV 
while only 19% favored AHP. In this sense, we conclude that AHP is less attractive 
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approach as compared to CV. The large time consumption of AHP probably may be 
a reason that CV is more favorable.   
 
Participants Information: Analysis shows that participants varied in age from 21-36 
years. Out of 57 participants, there were 55 male and 2 female students. The 
participants have different backgrounds, cultures and nationalities; 33 participants 
are from Pakistan, 10 from Poland, 9 from Sweden, 2 from Nigeria and one each 
from Bangladesh, Bosnia and Germany. The participants have industrial experience 
ranging from 0 to 7 years. The participants’ knowledge regarding requirements 
prioritization, prioritization techniques (CV and AHP) and course management 
system is mentioned in Table 17. 

 

   Summary 
This chapter describes results of an experiment aimed at comparing two 
requirements prioritization techniques (AHP and CV) in aspect of time consumption, 
scalability, accuracy, ease of use and ease of learning. 
 
First, we evaluate if any outliers exist in data. We used two criteria to find outlier’s 
(1) consistency ratio in AHP and (2) time consumption to prioritize with CV and 
AHP. After eliminating outliers, we perform analysis of the data. The normality test 
(Shapiro-Wilks test) shows that data (time) is not normally distributed; therefore we 
used non-parametric Mann-Whitney tests to reject null hypothesis.  
 
Next we perform descriptive statistics analysis on dependent variables time; 
scalability; accuracy; ease of use and ease of learning. 
 
The results show that average time consumption of AHP is higher than CV, further 
the difference between time consumption increases drastically as number of 
requirements increases from 15 to 30. Also, participants favour CV more than AHP 
subjectively. The more time consumption in AHP makes it less scalable technique as 
compared to CV. Further, the scalability of CV is measured by using two aspects (1) 
Explicit Weight and (2) Amount of Divergence. The results show that scalability of 
CV decreases as the number of the requirements increases from 15 to 30. 
 
The results of subjective test on accuracy reveal that AHP is less accurate than CV. 
We investigated that lack of knowledge about importance of pair wise comparisons 
in AHP and less time consumption of CV makes CV more favourable than AHP in 
terms of perceived accuracy. Due to misinterpretation of lists by participants; we 
could not indicate results regarding actual accuracy. 
 
Both ease of use and ease of learning are evaluated subjectively. The results show 
that here also CV is favoured more than AHP. The time consumption to perform 
prioritization also affects these two variables. The analysis of individual post-test 
shows that both techniques are easy to learn, the difference occurs in results of 
between final post-test and individual post-test due to different measurement scales. 

 
Last; we have analyzed that it is easy to understand the results of prioritization and 
CV is more attractive prioritization approach than AHP. 
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6 EPILOGUE 
 

  The aim of this chapter is to discuss threats to validity and to conclude the thesis. 
This chapter is structured as follows: Section 6.1 presents threats to validity; Section 6.2 
presents lessons learned from the experiment; Section 6.3 presents the conclusions 
drawn from the experiment. Finally, Section 6.4 presents the scope for the future work.  

6.1 Threats to Validity 
 
       Once the experiment is done, it is important to see how valid the results of 

experiment are [24].Validity in an experiment is defined as the degree to which a test 
accurately measures what it supposes to measure [24].There are four types of validity 
threats: internal validity, external validity, conclusion validity and construct validity. In 
this section we will discuss validity threats in this experiment. 

 

6.1.1 Internal Validity  
         The cause-effect relationship between independent variables and dependent variables 

in an experiment measures its internal validity [25]. This means that the outcome of an 
experiment should solely based on the treatment and no external factor should affect the 
results. In this section we will discuss the internal validity threats in context of this 
experiment [25] [30]. 

 
           Validity Threat:-Testing 

 
      While investigating the results, we analysed that 30 out of 52 participants (i.e. 

57.69%) had participated in a similar experiment before. There may be a possibility that 
the participants who have experience from previous participation may perform better 
(e.g. previous experience of using techniques, familiarity with interface and instructions 
etc.) than other participants. To minimize the threat we selected the participants who 
have basic knowledge of requirements prioritization, which is required to participate in 
experiment to control experience variable. As shown in Table 17, 48 out of the 52 
participants (i.e.92.3%) have adequate knowledge about requirements prioritization. In 
this sense, we believe that the previous experience of participation in similar experiment 
would not have major impact on results. 

  
         Validity Threat:-Instrumentation  
 

To circumvent this threat, we performed pilot testing on three Master students of 
Software Engineering having more experience than the participants. The pilot testers 
had earlier participated in similar kind of experiment before which was designed using 
MS Excel. All the pilot testers were satisfied with measurement design and instructions. 
 

         Validity Threat: - Mortality  
 

       If too many participants drop out from the experiment it will be big validity threat 
to final results [24]. This threat is not an issue in this study because the experiment was 
mandatory exercise i.e. participants could not left the experiment before completing it. 

         

6.1.2   Construct Validity   
     According to Wohlin et al [24] construct validity concerns how well we transform 
theory into observation. There are two kinds of threat to construct validity threats 
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related to the design of the experiment and threats that are concerned with social 
environments i.e. behaviour of the participants [24].  

 
        Validity Threat: - Evaluation apprehension  
  

    According to Robson [30], the participants do not like to be observed and evaluated 
on the basis of their performance in an experiment. However, the aim of this experiment 
is not to observe and evaluate the individual results of the participants. Further, to 
mitigate this validity threat, the participants were informed before experiment that their 
participation will be kept confidential and will not be graded. 

 

6.1.3 Conclusion Validity 
      Conclusion validity is the degree to which the conclusion we reach about   

relationship in data is trustworthy or authentic [56]. It is used to measure the statistical 
inference issues i.e. to evaluate whether data analysis procedure produce the correct 
answer [56].     

Validity Threat: - Violated assumptions of statistical tests 
 
The author does not have any prior experience of doing statistical tests. So, there 

may be a possibility that author misinterpreted the assumptions and may violate them 
while performing tests. While selecting statistical tests the author is assisted by one of 
pilot tester who has experience of using statistics tool and performing statistical tests. 
The pilot tester is familiar with usage of tool (i.e. input, output and results) and 
statistical testing techniques therefore we believe that there is a less probability 
regarding violations of any assumptions. In this sense; author believe that this threat is 
mitigated because we have selected right statistical tests and all calculations and rules 
have been already implemented in the tool and author only have to use the data to 
perform the test. 

 
Validity Threat: - Random irrelevancies in experiment setting. 

 
  As mentioned in section 4.3, the experiment is conducted in the closed environment; 
with a moderate amount of control (the participants can check their emails; use msn etc) 
but they have to perform experiment individually, with in time schedule (i.e. 4 hours) 
and also participants are not allowed to take any breaks in between experiment except 
one optional break that is provided while doing AHP. The moderate amount of control 
could be a validity threat but we believe that in reality prioritization can never been 
done in isolation. Therefore the moderate amount of control validates that results are 
closer to realistic situation where external factor(s) is always present but certainly it do 
not provide flexibility of open environment. 

 
Validity Threat: - Reliability of measures  
 
Since the results of the experiment (i.e. perceived accuracy, ease of use and ease of 

learning) are based on subjective opinion provided by participants; there may be a 
possibility that not all the participants infer same meaning from the questions asked in 
post-test. This can be seen by a few of the participants misinterpreted the results of 
prioritization and final post-test. To mitigate this threat in future, we mentioned 
lessons learned from experiment so these kinds of errors should not occur again in 
future. Further; this validity threat did not affect the time variable; because the time 
spent on performing the prioritization is calculated automatically by using a tool. 
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6.1.4 External Validity  
The external validity is related to the generalizability of the results. The external 

validity deals with how the results of the experiment can be generalized with whole 
(real world) population [24] [30]. 

 
 
      Validity Threat:-Interaction of Setting and treatment 
 
      The results of the experiment are specific and dependent on the context in which the 

experiment took place. It is difficult to generalize the results of this study. One way to 
minimize this threat is to perform study at different places, with different people and in 
different contexts. Since this experiment is replication of Ahl [50], we believe that 
similar results of this experiment add some generalizability. To further reduce this threat 
more experimental studies needed to be done at variety of places with different 
participants in diverse context. 

 

6.1.5 Other Validity Threats 
 In this section we will discuss the other validity threats that we observed in the 
experiment.  

 
  Validity Threat: - Statistic Tool (Stats Direct) 

 
    We have used statistic tool (stats direct) to perform hypothesis tests and non-
parametric tests. Every statistic tool has some degree of tolerance. The author believes 
that usage of the tool is much better option than calculating statistical values manually. 
There is a high probability that human error will occur while doing complex 
calculations manually. Further, researchers from academia also have recommended stats 
direct tool to perform statistical analysis [59].  

 
 Validity Threat: - Random Index (RI) value for 30 objects 

 
   In this thesis, we have extrapolated the value of random index (RI) from 15 to 30 

objects to calculate consistency ratio (CR) for 30 objects. The CR value for 30 objects is 
needed to find consistency outliers in experiment. The extrapolation can be a threat to 
validity. As mentioned in section 2.2.1, CR is the ratio of Consistency Index to Random 
Index which shows that Consistency Index (CI) is independent of Random Index. The 
division of CI to RI will provide the same ratio as CI. In this sense; we conclude that the 
extrapolated value for 30 objects did not affect the results of outliers. 

6.2 Lessons learned 
 

The purpose of this section is to share the experiences from this experimental study. 
Here, we discuss the lessons we learned from experiment i.e. what went well and what 
did not went well. We believe that the discussion in this section will help researchers 
who want to conduct requirements prioritization experiments in the future. 

  
The main lesson we learned from this experiment is an importance of ordering 

effect. With best of author’s knowledge the previous studies so far only discussed about 
how to eliminate ordering effect when doing requirement prioritization by using counter 
balancing techniques [8]. But it is not discussed that how final post-test and the order in 
which the prioritization techniques are used are related to each other. Further, it is also 
not discussed how the results of prioritization and the order in which prioritization 
techniques are used related to each other. We believe that due to the large number of 
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participants (57 participants) we are able to find these shortcomings which were not 
considered in the past. Here, we will first discuss about relation between final post-test 
and the order in which the prioritization techniques are used. 

 

6.2.1   Final Post-Test 
          To provide similar/same treatments to all participants we keep only one design of 
the instrumentation in this experiment i.e. the final post-test design is same for both 
groups A and B. The snapshot of final post-test is shown in Figure 2, where participants 
provide their subjective opinion regarding prioritization techniques. As shown in Figure 
2, we always keep CV option on left side and AHP option on right, for all four sub 
groups (A1, A2, B1, and B2). During analysis, we found that a few participants 
misinterpreted the final post-test. We observed that a few participants assume that the 
order of final post-test questions is similar to the order in which they use prioritization 
techniques. For instance, few participants from sub group (A2, B2) the one who 
performed AHP prioritization first and CV second assume that in final post-test the 
AHP option is on left and CV is on right which was not the case. The rationale behind 
this analysis is based on the inference that it is human nature that participants remember 
how they use particular prioritization technique but there is a possibility that they can 
forgot the name of that particular technique. During the experiment, a few participants 
asked researcher which one was CV or AHP, but the other participants who did not ask 
may be due to shyness or other reasons misinterpreted the final post-test. They guess 
that the order of answering final post-test questions is same as the order in which they 
use prioritization techniques. After removing outliers, we found that 3 participants 
misinterpreted the final post-test in subgroup A2; interestingly we did not find any 
participant in sub group B2 who misinterpreted the final post-test.   

 
               Figure 2-Final Post Test regarding CV and AHP 

             
    

   In order to find the participants who misinterpreted the final post-test we perform 
qualitative analysis. To perform analysis we first evaluate individual post-test, result of 
prioritization and other final post-test questions of all the participants. Secondly, we 
relate their answers with the set of questions shown in Figure 2. Author believes that 
there is a high possibility that the participants, whose answers are found conflicting or 
contradictory, misinterpreted the final post-test. 

 
    Though the participants were instructed about CV and AHP prioritization techniques 
in a presentation before the start of the experiment, but still the problem of 
misinterpretation arises. This shows that it is very much possible that participants forgot 
the name of technique but not how they use it. Therefore, we recommend that the order 
of final post-test questions should be same as the order in which prioritization 
techniques are used in the experiment to avoid misinterpretation in future. 

6.2.1.1 Selection of Both Choice 
During final post-test few participants instead of selecting one choice select both 

choices. As shown in Table 18, 3 out of 52 participants (i.e. 5.7%) answer both CV and 
AHP are easy to learn instead of selecting only one choice (see figure 2). We analyzed 
the reason behind the selection of both choices. The few questions that were asked in 
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final post-test were also asked in individual post-test, there may be a possibility that the 
participants who ‘agree’ with those questions in individual post-test (CV and AHP); 
want to be consistent with their answers also in the final post-test. For instance, 
participant X ‘agrees’ that both AHP and CV are easy to learn in individual post-test, 
and when this question is asked again in final post-test he/she marked both choices. 

 
We can avoid this situation either by using the more powerful tool  (using ASP/PHP 

or commercial tools) to develop instrumentation, which provide functionality to restrict 
participants to select only one choice rather than two or add one more option of ‘Both’ 
which will provide more liberty to participants to mark their choice. We still believe 
that these kinds of small problems should not occur in this experiment because 
participants were matured master students. 

 

6.2.2 Results of Prioritization (Actual Accuracy) 
In this section we will discuss how the results of the prioritization are affected, by 

ordering effects. After using both prioritization techniques (AHP and CV), the two 
sorted lists of requirements (List A and List B) were shown to the participants. The List 
A is always on left and List B is always on right for all four subgroups (A1, A2, B1, and 
B2). The lists show the results from both AHP and CV. The sample lists are shown in 
Appendix C. In this experiment, List A always show results from the AHP prioritization 
and List B shows results from the CV prioritization. The participants have to select one 
list on the basis of criteria mentioned in section 5.4.3. Further, the participants have to 
write their motivation behind selecting a particular list. From analysis, we observed that 
few participants assume that the order of the lists is similar to the order in which they 
used prioritization techniques. For instance, the few participants from sub group (A1, 
B1) the one who performed CV prioritization first and AHP second assume that the List 
A; the one which is on left side represents results of CV but this is not a case. After 
removing outliers, we found that 6 participants from subgroup A1 and 5 participants 
from sub group B1 misinterpreted the result lists. Similarly, participants from subgroup 
A2 and B2 can also misinterpret the lists; but it is difficult to find out how many of 
them misinterpreted the lists.  

 
The rationale behind this study is based on the analysis of the results. During 

analysis we observed that few participants selected the list and show criticism regarding 
that list while providing motivation. For instance, participant X selects AHP list (List A) 
and criticize AHP or favour CV prioritization technique while stating motivation for his/ 
her selection regarding AHP list. In this regard, we conclude that those participants 
assume that the order of lists is the same as the order in which they use prioritization 
techniques. This shows that after using both techniques, those participants had already 
made their opinion and did not consider the order of requirements in result lists, while 
selecting the list. In this sense, we conclude that the order in which we use prioritization 
techniques related to the order in which results are shown. We recommend that in future 
studies participants must be told explicitly that order of results lists is randomized or 
researcher should opt alternate way to show results (actual accuracy test). Because of 
this problem we could not draw any conclusions regarding actual accuracy of AHP and 
CV prioritization technique. 

       

6.3 Conclusions 
 

In this thesis, the author has presented a comparison of two ratio scale prioritization 
techniques (AHP and CV) in aspect of time, scalability, accuracy, ease of use and ease 
of learning. The outcome of this thesis is the results and lessons learned from the 
experiment. The results act as guidelines, and these guidelines will help software 
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practitioners to select the appropriate requirement prioritization technique. Also, the 
results of study can be used by researchers working in area of requirements 
prioritization for further research and the lessons learned will be a part of guidelines to 
conduct the experiment in the future.  

 
While investigating the results, we conclude that time is the most important variable; 

because the time is related to other variables (i.e. scalability, ease of use and ease of 
learn) of the study. 
 
   Both objective and subjective (perceived) results show that CV is less time consuming 
than AHP. Less time consumption makes CV technique more scalable than AHP. 
Further, we investigated that time consumption per requirement decreases as number of 
requirements/comparisons increases in both CV and AHP. The results confirm that the 
scalability of CV decreases when number of requirements increases from 15 to 30. The 
two aspects that are used to investigate scalability of CV are explicit weight and amount 
of divergence.  

 
The results show that the participants favour CV more than AHP in terms of 

perceived accuracy. Due to misinterpretation of the results by a few participants, we 
could not draw any conclusions regarding which prioritization technique from AHP and 
CV is more accurate when measuring actual accuracy. 

 
 Further; the most of participants favour CV more than AHP in terms of ease of use. The 
less time consumption made CV more easy to use than AHP. The results also show that 
CV is easier to learn than AHP.  
 
After summarizing all results we conclude that CV is more promising technique than 
AHP in terms of time, scalability, and accuracy, ease of use and ease of learning. 

6.4 Future Work 
 

 There are several interesting issues that we found during the course of this thesis 
work. These issues were not covered in the thesis due to time constraints and limited 
scope of a master thesis. 

 

6.4.1 Experiment to compare Analytic Hierarchy Process and 
Hierarchal Cumulative Voting Prioritization Techniques 

   Hierarchal Cumulative Voting (HCV) is an extension of CV, the idea behind HCV is 
to divide requirements into hierarchical levels and prioritize on different levels. The use 
of HCV is divided into two steps: (1) divide the requirements into high level 
requirements (HLR) and low level requirements (LLR) and (2) prioritization should be 
performed separately for HLRs and LLRs rather than all requirements at one time [15]. 
In this experiment we have concluded that CV is more favourable than AHP in terms of 
time, scalability, accuracy, ease of use and ease of learning. There is a possibility that 
HCV will also be more favoured than AHP; division of requirements into hierarchy 
makes HCV more organized than CV [15]. Both AHP and HCV uses hierarchal 
structure; therefore it will be interesting to compare both AHP and HCV in aspect of 
time, scalability and accuracy.  
 

6.4.2 Industry Professionals  
    This experiment was performed on Master students; therefore a few context 

variables could not be measured in the study i.e. environment, roles etc.  As mentioned 
in section 3.4.3, the industry employees working in different roles (project manager, 
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developer, and analyst) have different perspectives regarding prioritization. It is 
important to perform experiment in industry to evaluate those techniques. Further some 
aspects work better on industry professionals than students i.e. Cost-Value aspect of 
prioritization [16]. If we want to conduct the same experiment by using Cost-Value 
aspect instead of importance than it is important that experiment should be conducted 
on industry professionals rather than students. 

 

6.4.3 Combination of different aspects other than Importance 
  We performed the experiment using only one aspect, the participants were asked to 

prioritize requirements on basis of what they think is important. Other aspects like cost, 
penalty, risk etc. are not considered while performing the prioritization. The author 
think that it will be interesting if more than one aspect is considered while performing 
prioritization. 

 
Summary 

 
   This chapter presents the validity threats, lessons learned, conclusions and future work 
of the study.  

 
In order to determine how valid the results of the study are, we investigate all the four 
types of validity threats. The internal, conclusion, construct and external validity threats 
are discussed. The internal validity threats that occur in this experiment are testing, and 
instrumentation. The construction validity threat evaluation apprehension is discussed. 
The conclusion validity threat that occurs in this experiment is violated assumptions of 
statistical tests, random irrelevancies in experiment setting and reliability of measures. 
The external validity threat instrumentation and setting is discussed. The other validity 
threats statistical tool and extrapolation of value of RI are also reported. 

 
The lessons learned from the study are beneficial to the future researchers because 
author share his experiences from the study. We investigated that order in which 
requirements prioritization techniques are used is related to final post-test and results of 
prioritization.  

 
The final results reveal that CV is better technique than AHP in terms of time, 
scalability, accuracy, ease of use and ease of learning. 

 
Last; we discuss the issues that cannot cover in scope of this thesis or studies we believe 
will be interesting to investigate in future are mentioned in future work section i.e. 
experiment to compare AHP and HCV, experiment to be conducted on industry 
professionals and experiment combining different aspects other than ‘importance’. 
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Appendix A 

 
     The requirements that have been used during the experiment are presented here. 
They are sorted in alphabetic order. The detail description of requirements is also 
provided for better understandability of requirements. 

 
              Requirements- Group- A 
 

1. Assignment Feedback - It shall be possible to receive feedback on assignments in a 
course through the system 

2. Assignment Submission - It shall be possible to submit assignments in a course 
through the system 

3. Calendar-It shall be possible to view and customize the calendar view (days, weeks 
or months) 

4. Course e-mail list - It shall be possible to enroll to an e-mail list where information 
about a course can be distributed 

5. Course Evaluation - It shall be possible to fill out course evaluation to give 
feedback during and after a course 

6. Course Information - It shall be possible to view information about courses (e.g. 
scope, goal, content, examination forms) 

7. Course Progress - It shall be possible to receive progress status for each course a 
student is enrolled to 

8. Course Responsible-It shall be possible to see details about course responsible 
(his/her area of research, research papers, ongoing projects, etc.) 

9. Course Schedule - It shall be possible to get a schedule for each course enrolled to 
10. Discussion forum - It shall be possible to post and read messages regarding a course 

in designated discussion forum 
11. E-mail support - It shall be possible to access the BTH e-mail account through the 

system 
12. Personal Schedule - It shall be possible to get a personal schedule that collects 

schedules from all courses enrolled to. 
13. Previous exams and assignments- It shall be possible to view previous exams and 

assignments given in the course 
14. Results/Grades - It shall be possible to retrieve all results from courses that a 

student has completed (i.e. LADOK) 
15. Search-It shall be possible to conduct university search (BTH, exchange programs), 

department search (faculty, study programs) and personalized search (courses, 
fellow students) 

 
            Requirements- Group- B 
 

1. Assignment Descriptions - It shall be possible to get assignment descriptions for a 
course 

2. Assignment Feedback - It shall be possible to receive feedback on assignments in a 
course through the system 

3. Assignment Submission - It shall be possible to submit assignments in a course 
through the system 

4. Calendar-It shall be possible to view and customize the calendar view (days, weeks 
or months) 

5. Chat - It shall be possible to chat with fellow course mates 
6. Course e-mail list - It shall be possible to enroll to an e-mail list where information 

about a course can be distributed 
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7. Course Evaluation - It shall be possible to fill out course evaluation to give 
feedback during and after a course 

8. Course Information - It shall be possible to view information about courses (e.g. 
scope, goal, content, examination forms) 

9. Course Mates - It shall be possible to get information about fellow course mates in 
a specific course/program (e.g. Name, address, phone, e-mail, ”about me”) 

10. Course News – All courses enrolled to - It shall be possible to view course news 
for all courses currently enrolled to in a shared view 

11. Course News – Individual courses - It shall be possible to view all the course news  
for an individual course 

12. Course Progress - It shall be possible to receive progress status for each course a 
student is enrolled to 

13. Course Responsible-It shall be possible to see details about course responsible 
(his/her area of research, research papers, ongoing projects, etc.) 

14. Course Registration-It shall be possible to register to courses and exams 
15. Course Schedule - It shall be possible to get a schedule for each course enrolled to 
16. Discussion forum - It shall be possible to post and read messages regarding a course 

in designated discussion forum 
17. E-mail support - It shall be possible to access the BTH e-mail account through the 

system 
18. File Vault - There shall exist a file vault where files related to the course are stored 

and accessible 
19. Help/Support-It shall be possible to report errors/problems, give suggestions on 

improvements, as well as getting help regarding how to solve problems 
20. Lecture Notes - It shall be possible to view lecture notes from past lectures 
21. Library access-It shall be possible to reserve books, search for articles and journals, 

and access e-book databases 
22. Links - It shall be possible to share links to interesting course related web resources  
23. Literature List - It shall be possible to view information about what literature that is 

used in a course 
24. Personal Schedule - It shall be possible to get a personal schedule that collects 

schedules from all courses enrolled to. 
25. Previous exams and assignments- It shall be possible to view previous exams and 

assignments given in the course 
26. Results/Grades - It shall be possible to retrieve all results from courses that a 

student has completed (i.e. LADOK) 
27. Schedule Synchronization - It shall be possible to synchronize schedules with 

desktop schedule (e.g. Outlook, Notes) 
28. Search-It shall be possible to conduct university search (BTH, exchange programs), 

department search (faculty, study programs) and personalized search (courses, 
fellow students) 

29. Student Management System-It shall be possible to change and retrieve password, 
update address and phone number, etc. 

30. Upcoming Events-It shall be possible to view upcoming events at the University 
(seminars, guest lectures, and PhD defenses) 
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Appendix –B 
 

     The result of prioritization is presented here. The results show the priorities 
assigned by participants to the requirements for both Group A and Group B. The 
results for both group A and B are shown in form of graphs. 
 

Results of Group A-Participants 
 

 
 

Results of Group B-Participants 
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Appendix-C 
 
Here; we have mentioned the screen-shots of tool used in this experiment. All the screen-
shots are taken from Sub-Group-A1. The design of all pre-test; individual post-test; 
instructions and final post-test is same for all sub-groups (A1, A2, B1, and B2). The only 
difference is in number of requirements and order in which participants perform 
prioritization. 
 
 
PRE-TEST  
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Instruction to perform Cumulative Voting prioritization  

 
 
Cumulative Voting Prioritization 
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Individual Post-Test for Cumulative Voting  

 
 
 
Instruction to perform Analytical Hierarchy Process prioritization 
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Analytical Hierarchy Process prioritization 

 
 
Individual Post-Test for Analytical Hierarchy Process  
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Result Sheet 

 
 
 
Final Post-Test 
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Appendix-D 

 
Shapiro Wilks Test 
 

Shapiro-Wilk W test for non-normality for Treatment A -CV   
 
Sample name: CV-Time 
Uncensored data = 27 
Censored data = 0 
Mean = 0.005416 
Standard deviation = 0.002940 
Squares about mean = 0.000259 
 
W = 0.901675 
P = 0.007900 
 
Sample unlikely to be from a normal distribution 

 
Shapiro-Wilk W test for non-normality for Treatment A -AHP   
 
Sample name: AHP TIME 
Uncensored data = 27 
Censored data = 0 
Mean = 0.014984 
Standard deviation = 0.004806 
Squares about mean = 0.000693 
 
W = 0.981099 
P = 0.842500 
 
No evidence of non-normality 

 
Shapiro-Wilk W test for non-normality for Treatment B -CV   
 
Sample name: CV 
Uncensored data = 25 
Censored data = 0 
Mean = 0.009527 
Standard deviation = 0.005414 
Squares about mean = 0.000733 
 
W = 0.920719 
P = 0.046700 
 
Sample unlikely to be from a normal distribution 

 
Shapiro-Wilk W test for non-normality for Treatment B -AHP  
 
Sample name: AHP 
Uncensored data = 25 
Censored data = 0 
Mean = 0.051368 
Standard deviation = 0.015258 
Squares about mean = 0.005821 
 
W = 0.950840 
P = 0.242600 
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No evidence of non-normality 
 
 
Mann-Whitney U test 
 
Mann-Whitney U test Treatment-A   
 
Observations (x) in AHP TIME = 27   median = 0.015139   rank sum = 1414 
Observations (y) in CV-TIME = 27     median = 0.004456 
U = 918      U' = 43 
 
Normalised statistic = 6.159531 (adjusted for ties) 
Lower side P > 0.9999 (H1: x tends to be less than y) 
Upper side P < 0.0001 (H1: x tends to be greater than y) 
Two sided P < 0.0001 (H1: x tends to be distributed differently to y) 
 
95% confidence interval for difference between medians or means: 
K = 342   median difference = 0.00963 
CI = 0.00784 to 0.01160 

 
Mann-Whitney U test Treatment-B   
 
Observations (x) in AHP = 25   median = 0.049850   rank sum = 1027 
Observations (y) in CV = 25     median = 0.008628 
U = 676      U' = 0 
 
Exact probability: 
Lower side P < 0.0001 (H1: x tends to be less than y) 
Upper side P > 0.9999 (H1: x tends to be greater than y) 
Two sided P < 0.0001 (H1: x tends to be distributed differently to y) 
 
95.1% confidence interval for difference between medians or means: 
K = 231   median difference = 0.040805 
CI = 0.03466 to 0.04738 

 
 

 


