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to each other, how they perceive and understand the surrounding reality, and how their actions affect organizational sociology. Consequently, this framework must be
addressed like an important philosophical component
within the conceptual structure of the Requirements Engineering (RE). That is, should provide a methodological
framework applicable to the interpretation and understanding of the terminology used by stakeholders, their
views and objectives.
As a result, RE draws on the Cognitive and Social Sciences provided the effects of a body of common
knowledge, designed to satisfy the concerns that underlie
human interaction in the context of implementation of the
basic processes of RE: Elicitation, Specification and Validation of Requirements Loucopoulos and Karakostas [7].
Meanwhile, Cognitive Psychology provides a conceptual
framework, to deal with the descriptions of the stakeholders requirements, Posner [8].
As originally proposed in [6], experts in the problem
domain, usually possess a wealth of tacit knowledge rather hard to communicate, so in many situations the users’
replies to the concerns raised by the Requirements Engineers do not match with their actual needs. Hence, in
Burg [9] was considered the use of Linguistic Techniques
for analyzing the pattern of organizational communication
during the execution of the elicitation process of software
requirements.
In a design context where there are different profiles of
stakeholders, the prioritization of requirements is a complex task. The negotiating approaches must be supported
by tools that allow at first, the grouping of stakeholders
according to their priorities and secondly its validation
based on the knowledge of the application domain. So,
clusters of stakeholders can be discovered, given the existence of similarities in their preferences. Furthermore, as
shown in Martinez Carod [10], during the elicitation process emerge the fact that stakeholders have different expectations for the system to be developed. In fact, they are
legitimized by the diverse interests of parties involved,
their backgrounds and needs.
Thus, personal factors determine the perception of
stakeholders, biased by different interpretations about the
requirements of the future system. Based on this perspective; we propose the convenience of describing and analyzing the concept of semantic memory. Semantic
memory is referred to the memory of meanings, under-
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1. Introduction
The Software Requirements Prioritization involves the
formulation of a decision process of a complex nature. In
Hadad et al, [1] provides that to assign priorities in the
requirements leads to discern issues inherent dependency
thereof, the multiplicity of interests among the stakeholders, resource constraints, business requirements, implementation costs, including other factors. Consequently,
the prioritization of requirements has been recognized as
one of the most important activities within the software
development process [2-4].
The Prioritization of Software Requirements can be defined as the "process that determines the order of implementation of the requirements” or also as “the process
that determines the order of importance of requirements
based on the perception of stakeholders" [5]. Given this
definition, it is assumed that stakeholders valued a particular requirement based on the importance suggests its implementation.
Hence, in this paper we propose a methodology of requirements prioritization that deals with the existence of
dissimilar preferences among the stakeholder population,
under a cognitive framework approach that would explain
this variability of preferences.
Nuseibeh and Easterbrook [6] determined that in the
context of software system implementation, the Requirements Engineering (RE) should provide a conceptual
framework which would explain how stakeholders relate

© 2013. The authors - Published by Atlantis Press

105

standings, and other concept-based knowledge that is not
related to personal experiences, Vivas [11]. Hence, the
meaning of a concept seems to emerge directly of its intrinsic properties. Instead, the meaning attributed to an
entity, phenomenon or process seems to emerge from the
relative weight of relations that the subject has established
in its history with the reference object [12-14].
In this point, we consider that the domain of a software
application can be addressed as a Conceptual Structure, as
a picture of the stakeholders’ semantic memory. Then, the
requirements engineering process must systematize the
analysis of this conceptual structure, in order to provide a
System Requirements Specification (SRS). The prioritization of these specifications shall reflect the level of the
domain knowledge evidenced by stakeholders as a result
of the analysis of this Conceptual Structure.
Hence, in this paper, we propose to detect clusters of
stakeholders preferences revealed via the Analytic Hierarchy Process (AHP), Saaty [15-17]. The cluster detection
is carried out using Self Organizing Maps (SOM),
Kohonen [18-20], as a tool that allows the interpretation
of how the preference vectors impact in the cluster generation. Then, a design negotiations methodology is addressed focused on the cognitive performance of each of
these groups. In this regard, stresses the idea developed in
Damian et al [21] which suggests that the process of negotiation of requirements will be more effective as the
stakeholders share a common understanding of the domain, and also promote communication whose content is
semantically valid accepted by the different parties involved.
An efficient clustering of stakeholders according to
their preferences, followed by the assessment of the cognitive characteristics within the groups, is essential to prioritize requirements when the stakeholders profiles exhibits diversity. Because of the need of interpretation of the
clustering process, we propose the use of self organizing
maps to perform the mapping of the preferences vectors
of the stakeholders. The importance of this process is
closely related with the assertion that one of the critical
factors in the success of a Software Project, consists precisely in achieving the requirements prioritization in a
relatively early stage of software life cycle [22-23].

In (1), each term of cell, implies a comparison-pairs between the Require-ment of order i and its consecutive
(ai+1) by each stakeholder. To carry out the com-parisons,
using scale ratios: 1 to 9. The objective is to measure the
intensity or relative importance of one requirement over
another, according to the preference for a certain stakeholders surveyed (1: Both requirements are also preferred,
9: Requirement is preferred with the highest degree of intensity possible compared to the other).
Also, all the diagonal terms of (1) are 1, because, comparing two requirements are the same. Collected preference matrix, the third step is to normalize each cell by
weighting the sum of the terms that make up the reference
column. I.e., dividing each ai,j by the respective sum of
the cell column. Finally, the fourth step will be to estimate the vector of self-value weighted by the number of
requirements to prioritize, give the preference vector of
stakeholders:
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According to (2), Saaty [15] proposes an inconsistency
index (RI) of the preference vector revealed by the stakeholders. When RI > 0.1, then should not consider the vector provided by the stakeholders. Finally, considering that
each vector of preference (2) satisfies the condition RI <
0,1, will use a SOM network for preference clustering.
While clustering algorithms, in general, attempt to partition data into natural groups by maximizing inter-cluster
distance and minimizing intra-cluster distance, the SOM
performs a clustering of a slightly different nature. The
SOM can be thought of as a spatially constrained form of
k-means clustering or as a projection maintaining the
neighborhood relations in the data.
The two-level clustering methodology (clustering of the
SOM rather than clustering the data directly) is preferred
because of the reduction of the computational cost. Even
with relatively small number of samples, many clustering
algorithms—especially hierarchical ones—become intractable. For this reason, it is convenient to cluster a set of
prototypes rather than directly the data.
Another benefit is noise reduction. The prototypes are
local averages of the data and, therefore, less sensitive to
random variations than the original data.
To train the SOM, let XtRp, i = 1…n, p onedimensional data set, and Vj Rp j = 1…c, a set of vectors
of dictionaries, the Kohonen update rule is as follows: (3)

2. Methodology Introduction
In order to relieve the preferences of the stakeholders the
Analytic Hierarchy Process method (AHP) of Saaty will
be used [15-17], under the reformulation pro-posed by
Karlsson [24]. For this, the first step is to formulate a matrix n x n, where n is the number of system requirements
to be evaluated by the stakeholders:

 a11 ... a1n 
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(2)

V j ,t  V j ,t 1  t hr ,t ( X t  V j ,t 1 )

(3)

Where αt represents the learning factor, which is defined as a decreasing function that controls the magnitude
of changes in each iteration t, which begins taking maximum value 1 and will decrease up to 0.05. Also hr, t is the
function that controls the size of the vicinity of the nodes
(r) to be updated during the training process and will decrease monotonically until reaching the minimum (one
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cell). To provide stakeholders groups, a cluster methodology is applied to SOM codebooks, like k-means. The Davies-Bouldin index is used in order to evaluate the quality
of the obtained clusters [25].
Each group will be represented by a list of requirements generated by the average of the preference of each
requirement within the cluster. Hence, each group shows
a preference vector ordered from highest to lowest with
the requirements ac-cording with the average of their
preferences (SOM’s components variables) belonging to
its cluster.
In order to assess the knowledge level that stakeholders
have of the domain of the software application, they will
be asked to identify those that are considered key concepts. After all the surveyed stakeholders voted on the list
of candidate concepts (proposed by the Requirements Engineer), a subset of key concepts is built with those that
obtained at least 51% of the votes. These concepts will be
understood as the Conceptual Structure.
Since a concept may be expressed or associated by a set
of words [26-27], we will ask each of the stakeholders to
identify at least ten words that define the key concepts of
the domain. That is, each of the key concepts will have
associated a list of words identified by each of the stakeholders. Then, the defining words lists are processed by
the algorithm so called "Definition Finder", Vivas et al,
[27]. The method assigns a relative weight to each of the
words depending on the frequency of occurrence and the
relative order assigned by each of the subjects that compose the aforementioned whole.
After application of Definition Finder, each concept is
composed of a succession of relative weights that specify
the order of importance of each of the defining words that
make up the concept. Then, with the aim of evaluating the
domain of each of the key concepts for each group of the
stakeholders, the VTV algorithm is used [28]:

VTVc (k ) 
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is generated according to a weighted average of preferences values with the VTV ( k ) , of each stakeholder group:
q
p
 VTVk

(5)
VMPUR (i )t   
.VMPR (i ,k )
i 1 k 1  VTVaccumulate 

Where k=1..p (p= groups)
i=1..q (q=requirements)
Where [VMPUR(i)tl] is the set of priority values of the
Requirements, computed with the preference vectors of
each group [VMPR(i,k)], weighted with their degree of
knowledge of the key concepts of the domain. Hence the
achieved prioritization of requirements will depend on the
degree of knowledge that stakeholders have in terms of
the key concepts that synthesize the uses and implications
of a software tool (Conceptual Structure).
Since the method for prioritizing requirements (5) considers the average value of VTV, as a mechanism to
weight the preferences of each group, it is necessary evaluate whether each mean is significantly different from the
rest, if not, this weighting scheme would be redundant. To
perform this task the non-parametric Kruskal-Wallis test
[29], is used, with the null hypothesis (Ho) of VTV equal
population, versus the alter-native hypothesis (H1) that at
least one of them differs from the rest. The hypothesis
shall be tested on the basis of a 5 % significance level.
3. Case Study
A case of a Web Platform must support the functionality
of a Workflow. This particular tool is composed of 11
Functional Requirements can be summarized in 4 User
Requirements. The experiment to be performed is to elicit
the preference of 50 stakeholders, and then, define the order of implementation of the User Requirements.
The experiment in question is complex given the variety of existing stakeholders and their spatial distribution.
That is, not all stakeholders living in the same geographical space, however, all share the profession of researcher,
but they are employed in various scientific disciplines.

(4)

Wherein (4):
VTVc(k): refers to Value Total Valuations of analyzed
concept c in group k already discovered by SOM.
β0: refers to the weight acquired by the "semantic relevance" of concept analysis.
β1; refers to the distinctive effect that takes the concept
analyzed.
n: refers to the amount of defining socially identified in
the concept discussed.
VTV method, calculates the sequence of the relative
weights of each of the key concepts of the domain (Definition Finder). Therefore, it is considered as an estimator
of the semantic field of each of the concepts. Each group
of stakeholders assigned a value of VTVc for each of the
concepts. Getting an average of VTV in each group over
the whole concepts VTV ( k ) , we can approach the level of
knowledge that this group has been able to get around the
key concepts that summarize the uses and implications of
the software tool. Finally the prioritized requirement list

4. Results
To process different semantic productions of the key concepts of the domain (defining words), we use the Software Version 0.93 Definition Finder developed jointly by
the GIA (Grupo de Inteligencia Artificial, Facultad de
Ingenieria de la Universida Nacional de Mar del Plata)
and the CIMEPB (Centro de Investigación en Procesos
Básicos, Metodología y Educación). To clustering of the
preferences of stakeholders, we apply version 7.8.0
(R2009a) of the MATLAB software with the library
"SOM Toolbox" developed in Alhoiemi, et al [30]. Last,
we use the SPSS version 17.0 to run the algorithm of
Kruskal Wallis and detect significant differences between
the averages of VTV.
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The stakeholders have considered the existence of 4
key concepts that synthesize the uses and implications of
the workflow tool. That is, the concepts "Soft-ware
Tools", "Research Environment", "Collaborative Workflow" and “Interdisciplinary Insights”, meet the 51.35%
of the votes of the stakeholders. These concepts are considered as the Conceptual Structure.
In Table 1 we see the list of preference vectors for each
of the stakeholders.
A SOM network was trained using open source tool
provided by Alhoiemiet et al [30]. The analysis of the obtained SOM unified suggests the existence of three well
defined clusters of stakeholders, according with their Users Requirements preferences, extracted from the AHP
method.

Average values of preference by group
Groups
1
2
3

UR1
0,57
0,43
0,16

UR2
0,06
0,07
0,22

Then, the semantic field VTV for the Conceptual Structure into each group was computed, as shown in Table 3.
Concept

Group 1 Group 2Group 3

Software Tool

4,59

4,61

3,34

Research Environment
Collaborative Work

4,53

4,17

2,44

4,47

2,63

2,42

Interdisciplinary
Insights
Average

4,91

3,02

2,43

4,63

3,61

2,66

Table 3 Semantic field of the key concepts of the Dominion, by
group

Table 1 Preference vectors released by the AHP method.

To evaluate the Som’s clusters quality the DaviesBouldin index (Fig. 1) sets a minimum value of 0.45 for
the given configuration of three groups of stakeholders
found with the k-means algorithm.
Based on the groups provided by the SOM network, the
preferences average values were computed in each group.
The aggregation has been linear, as is stated in Karlsson
[24].

In hindsight, a Kruskal-Wallis test was applied to the
vector whose components are group averages VTV of
each concept in each group. The test result confirms the
rejection of the null hypothesis (p-value = 0.03). This implies that at least one group has shown a different degree
of knowledge about the key concepts of the do-main. Finally, we apply (5) to obtain the priorities of user requirements list ordered values from highest to lowest, as
observed in (6).

0,7
0,65

VMPUR (1,2,3,4)Total

0,6
0,55

0,45
4

5

6

7

 1º UR1 (42%) 
 2º UR (31%) 
4


 3º UR3 (17%) 


 4º UR3 (10%) 

(6)

Consequently, this result supports the fact that the
method of prioritizing high priority be given to the preference of those groups that have a higher level of domain
knowledge, as measured by its average VTV.

0,5

3

UR4
0,24
0,35
0,37

Table 2 Average values of preferences by group

Preference Vectors (Relieved by AHP Method)
Stakeholders UR1
UR2
UR3
UR4
S1
0,50
0,13
0,14
0,22
S2
0,15
0,21
0,23
0,42
S3
0,39
0,09
0,15
0,37
…
…
…
…
…
S50
0,42
0,06
0,18
0,33

2

UR3
0,13
0,15
0,25

8

Fig. 1 Davies-Bouldin index of the proposed SOM
clustering

5. Conclusions

As shown in Table 2, Groups 1 and 2 show the same
pattern of priority. That is, their User Requirements were
ranked in the following sequence: 1,4,3,2. However, the
Group 3 provided another order: 4, 3, 2, 1.
Based on the groups provided by the SOM network, the
preferences average values were computed in each group.
The aggregation has been linear, as is stated in Karlsson
[24]. As shown in Table 1, Groups 1 and 2 show the same
pattern of priority. That is, ther User Requirements were
ranked in the following sequence: 1,4,3,2. However, the
Group 3 provided another order: 4, 3, 2, 1.

In this paper, we proposed a method to prioritize requirements through the aggregation of dissimilar preferences
elicited in a population of stakeholders. We state that the
preference of stakeholders is functional to their semantic
memory, evidenced by a conceptual structure that summarizes the uses and implications of future software tool
(Key Concepts).
The proposed methodology discovered stakeholders
groups according to their preferences on the prioritization
requirements (AHP-SOM). These clusters showed high
correspondence with the stakeholder’s knowledge level
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on the key concepts of the domain. Finally, the ranked
prioritization list has allowed adding the preferences expressed by each group, depending on their respective
cognitive performance (VTV).
This approach provides an appropriate methodology for
addressing a complex problem such as the prioritization
of software requirements, using elements of disciplines
that are not usual to address in the field of Software Engineering. We have developed some field experiments that
showed the success of combining tools from the Computational Intelligence area, specifically Neural Networks
(Self-Organized Maps) and also from Cognitive Psychology, like a Conceptual Structure that shows a picture of
the semantic memory of the dominion.

6. Future Works
From this experience, where the design of a prioritization
model of system requirements from the segmentation of
the stakeholder’s preferences was pointed, we will continue to consider how to include their cognitive profile to
improve the clusters segmentation. We will try to develop
a method of aggregation of preference inter-groups that
will weight cognitive metrics in order to obtain a global
preferences vector. Given the existence of groups of
stakeholders whose preferences can differ from the overall set up, we will propose the design of a negotiation
process, in order to reconcile the differences explained by
their different cognitive approach.
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