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Abstract. Software development is a cooperative work by stakeholders.  It is 
important for project managers and analysts to understand stakeholder concerns 
and to identify potential problems such as imbalance of stakeholders or lack of 
stakeholders. This paper presents a tool which visualizes the strength of stake-
holders' interest of concern on two dimensional screens. The proposed tool gen-
erates an anchored map from an attributed goal graph by AGORA, which is an 
extended version of goal-oriented analysis methods. It has information on 
stakeholders' interest to concerns and its degree as the attributes of goals. Re-
sults from the case study are that (1) some concerns are not connected to any 
stakeholders and (2) a type of stakeholders is interested in different concerns 
each other. The results suggest that lack of stakeholders for the unconnected 
concerns and need that a type of stakeholders had better to unify their require-
ments. And a preliminary evaluation suggests that the tool enables users to 
identify imbalance of stakeholders or lack of stakeholders faster and more cor-
rectly than a matrix of stakeholders and concerns. 
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1   Introduction 

Software development is a cooperative work by stakeholders. Because software is 
developed to be successful, it is extremely important to accurately understand user 
requirements. It is essential that the mutual agreement be handled efficiently and 
appropriately. However, if the stakeholders are missing, high-quality requirement 
specifications cannot be made, because knowledge is stakeholder-dependent. The case 
of the London ambulance service [7] is a typical case of missing stakeholders. It is 
important for project managers and analysts to understand stakeholder concerns and 
to identify potential problems such as imbalance of stakeholders or lack of stake-
holders. Sharp at el [19] propose a technique to discovering all relevant stakeholders 
of a specific system. 

This paper presents a tool which visualizes the relationships between stakeholders 
and their interest of concerns using an anchored map [14, 20] to detect the problems. 

Anchored map is a technique to draw a bipartite graph whose nodes have two types 
of attributes. Anchored map fixes the nodes with one of the attributes on a concentric 
circle as anchor nodes and locates other nodes with a spring layout [6] as free nodes. 
The proposed tool generates an anchored map from an attributed goal graph by AGORA 
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(Attributed Goal-Oriented Requirements Analysis) [10, 11]. AGORA is a family of 
goal-oriented requirements analysis [12] and Goal-oriented requirement analysis 
(GORA) is supposed to be one of the most promising methods for supporting the elicita-
tion of requirements. GORA methods such as i* [3] and KAOS [5] are top-down meth-
ods for decomposing and refining customer needs into concrete goals to be achieved in 
order to satisfy customer needs. As a result, an AND/OR graph is generated whose 
nodes represent identified goals. There are a number of case studies and assessments of 
this method [2]. 

An AGORA goal graph is attributed AND-OR goal graph.  A semantic tag is one 
of the attributes and abstracts of the meaning of the goal, such as a stereotype of 
UML. Stakeholder concerns are represented by semantic tags on the goals. 

This tool will enable to support the Sharp's technique if the model of the technique 
is applied instead of the semantic tags of AGORA goals. 

This paper is organized as follows. At first, AGORA and anchored map is de-
scribed as basic technologies. And the way how to generate an anchored map from a 
goal graph is described. Then an integrated implementation of anchored map and 
AGORA editor is shown with a case study and a preliminary evaluation. At last, after 
discussion of related works, summery and future works are described. 

2   Preliminaries 

2.1   AGORA 

AGORA [10, 11] is a part of the GORA family of analysis methods. To make up for 
the support functions that the existing GORA method does not have, AGORA uses an 
extended version of AND-OR goal graph called attributed goal graph. In AGORA, 
requirements analysts and stakeholders can attach attributes to nodes and edges of a 
graph. Fig.1 shows an excerpt example of the attributed goal graph. And Fig.2 shows  
 

 

Fig. 1. An Attributed goal graph (excerpt) 
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snapshots of AGORA tool, including In these examples, the requirements of a seat 
reservation system for trains are analyzed. Although AGORA can deal with many 
types of attributes, we only use and explain the following two types of attributes in 
this paper: 
 
• Semantic tags: Abstractions of the meaning of the goals, like stereotypes of UML. 

In the example above, the facilitator puts a semantic tag ``Security'' to a goal N9 
“Cost for trouble handling reduced” on a sub-window shown in Fig.2(a), represent-
ing that N9 is related to security. We have extracted the possible candidates of  
semantic tags from, e.g., quality attributes enumerated in IEC/ISO 9126-1 [9] or 
NFR catalogs [4]. Requirements analysts can use additional semantic tags, e.g., 
domain-specific ones, if necessary. 

• Preference matrix: Attached to a node, i.e. a goal, and represents the degree of 
preference or satisfaction of the goal for each stakeholder. Each preference is pre-
sented as a number from -10 to 10, and the higher value denotes that the goal is 
more preferable for a stakeholder. When the number is zero, he/she is not inter-
ested in the goal. Fig.2(b) is an example of the preference matrix, attached with the 
goal N9: “Cost for trouble handling reduced”. The columns, each of which is for 
the user (User), the administrator (Administrator), and the developer (Developer) 
are respectively to grade their own preference and preferences of other stake-
holders. In this example, the values on the diagonal are -5, 9, and 0, and the analyst 
can understand that the user and the administrator have a conflict of interest at the 
goal N20. The large variance of these preference values in a goal can suggest the 
conflicts of stakeholders' interests and the discordance of its understanding [11]. In 
this paper, we only use diagonal elements of the matrix, i.e., stakeholders' prefer-
ences by themselves. 

 

Fig. 2. Screenshots of AGORA tool: Left(a): Putting semantic tags for N9, Right(b): Preference 
matrix for N9 

2.2   Anchored Map 

This section presents the method to calculate the position of nodes in an anchored 
map for a bipartite graph. A bipartite graph consists of two sets of nodes and there are 
edges between nodes of different sets but there is no edge between nodes within a set. 
Anchored map is a layout technique for a bipartite graph. 

Suppose set A consists of 9 nodes representing stakeholders which are User1, .., 
User3, Admin1, .., Admin3 and Dev1, .., Dev3 and set B consists of 8 nodes  
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Fig. 3. Two-way layout for a biparate graph 

representing concerns which are Maintainability, Portability, Usability, Reliability, 
Efficiency, Cost, Security and Functionality. Fig.3 shows a two-layer graphical repre-
sentation of the same bipartite graph. Fig.4 shows the same bipartite graph shown in 
Fig.3 as an anchored map. On an anchored map of the bipartite graph, the nodes in A, 
called “anchor nodes”, are arranged on the circumference and the nodes in B, called 
“free nodes”, are arranged at suitable positions in relations to the adjacent anchor 
nodes. The strength of edge as a spring is in proportional to the value attached the 
edge. This means an anchor node and a free node are located closer to each other if 
the stakeholder is strongly interested in the concern. The distinction of the nodes is 
clearer than in Fig.3, and it is easy to see the relationships between free nodes. 

In the case that supposing the elements in B as anchor nodes and the elements in A 
as free nodes, a anchored map is generated with the same way. This means two type 
of anchored maps are generated from a bipartite graph. 

The printing area is 122 mm × 193 mm. The text should be justified to occupy the 
full line width, so that the right margin is not ragged, with words hyphenated as appro-
priate. Please fill pages so that the length of the text is no less than 180 mm, if possible.  

3   Generating Anchored Map from a Goal Graph 

Selected concerns are based on ISO/IEC9126-1 [9]. ISO/IEC9126-1 represents  
the latest research into characterizing software for the purposes of software quality 
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control, software quality assurance and software process improvement. The ISO 
9126-1 software quality model identifies 6 main quality characteristics, namely: Func-
tionality, Reliability, Usability, Efficiency, Maintainability and Portability. 

Cost is not one of the software quality factors in ISO/IEC9126-1 but is identified 
on many goals. 

All goals are aggregated by the concerns represented by the semantics tags. The 
strength of the edge between a stakeholder and a concern is the average of the abso-
lute value of the stakeholder's preferences of the aggregated goals by the concern.  
This means a stakeholder and a concern are located closer to each other if the stake-
holder is strongly interested in the concern. 

Because of this data representation, this tool enables the users to notice lacks of 
stakeholders to concerns. Anchor nodes are located on the circumference at equal 
intervals, and the positions of anchor nodes are decided as the number of crosses of 
edges is reduced as far as possible. Using this positioning algorithm, the free nodes 
that have a similar relationship with anchor nodes are located closer to each other. 
Because of this positioning algorithm, this tool enables the users to notice imbalance 
of stakeholders. 

4   Implementation and Preliminary Experiments 

4.1   Implementation 

The tool is implemented as a plug-in of eclipse The input is produced through AG-
ORA tool, and the tool extracts goals with attached preference matrix and semantic 
tags. The layout of an anchored map is implemented based on the algorithm shown  
in [14]. 

The tool is implemented as an integrated tool of anchored map and AGORA but 
the idea of visualizing relationships between stakeholders and their concerns does not 
depend on AGORA. User Requirements Notation (URN) [1] is a possible notation. 
Relationships between a URL model and actors can be an input of the tool. 

4.2   Preliminary Experiments: A Case Study 

Nine stakeholders put their preferences and the tags. These stakeholders consist of 
three end-users (User1, User2, User3), three developers (Dev1, Dev2, Dev3) and 
three system administrators (Admin1, Admin2, Admin3). In Fig.4, squares represent 
stakeholders and small circles represent concerns. Squares are color-coded according 
to stakeholder roles such as end-user, developer and administrator. 

In Fig.5, stakeholders are located on a circle as anchors and concerns are arranged 
as free nodes. From the figure, we can see that, 

• Most of stakeholders are strongly interested in security and functions because they 
are located in the center of the circle. 

• Developers, Admin1 and Admin3 are interested in cost but users are not. 
• Users and Admin2 are interested in usability but developers are not. 
• Only Admin2 is interested in maintainability. 
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Fig. 4. Example of Anchored Map (Anchor nodes: stakeholders, Free nodes: concerns) 

In Fig.5, concerns are located on a circle as anchors and stakeholders are arranged 
as free nodes. From the figure, we can see that 

• All users are interested in similar concerns, and Admin2 is also the same as the 
users. 

• Dev2 and Dev3 are interested in similar concerns but Dev1 is slightly different 
from Dev2 and Dev3. 

• All administrators are interested in different concerns. 
• Nobody is interested in portability, reliability and efficiency. This is because the goal 

graph describes business domains and does not describe the system infrastructure. 

The findings suggest that (1) stakeholders who know much about the system infra-
structure should be involved in the project and (2) differences of administrators 
should be consolidated.  

The case study shows the system visualizes imbalance of stakeholders, lack of 
stakeholders, and some other potential useful information to manage stakeholders.  

4.3   Preliminary Evaluation 

We conducted experimentation whether the tool enables users to identify imbalance 
of stakeholders or lack of stakeholders faster and more correctly than an existing 
technique. 
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Fig. 5. Example of Anchored Map (Anchor nodes: concerns, Free nodes: stakeholders) 

Table 1. Goal Graphs 

System RSS Reader Reception 
# of nodes 29 36 
# of concerns 4 5 
# of stakeholders 9 9 

Preparation 

• Goal graph: for a system of RSS feed reader and a system of reception supporting 
system for a hospital. The sizes of graphs are shown in Table1. RSS Reader has tags 
labeled Efficiency, Functionality, Security and Usability, and Reception system has 
tags labeled Functionality, Maintainability, Reliability, Security and Usability. 

• Target for comparison: matrix of stakeholders and concerns. Fig.6 is a matrix for 
the RSS Reader. They are provided as Excel sheets. The columns are ID for goal, 
goal description, semantic tags, and preferences of stakeholders. 

• Task: Subjects are asked to answer 17 questions. They can spend two minutes for 
each and twenty five minutes in total. Twelve questions are expected to be an-
swered in the worst case. Questions are such as follows: 

 Which concerns is nobody interested in? 
 Which concerns is only one stakeholder interested in? 
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 Which concerns is everybody interested in? 
 Which concerns are all developers interested in? 

The questions are designed to lead the findings shown in section 4.2. 

• Subjects: two students, one researcher, and one software engineer. Each subject 
answers for two goal graphs. The subject does the task with the tool for one graph 
and with Excel sheet for another graph. They are assigned tasks as Table2. 

 

Fig. 6. Matrix of stakeholders and concerns 

Results. The fourth column in Table2 shows the number of answered questions, the 
fifth column shows the number of correct answers and the last column shows the time 
period to finish the task. 

Table 2. Task assignment and Results 

Subject Graph Tool or Table Completed Correct Time 
Student1 FeedReader Tool 17 17 7m10s 
 Reception Table 17 17 8m36s 
Student2 FeedReader Table 17 15 13m37s 
 Reception Tool 17 17 5m58s 
Researcher FeedReader Tool 17 17 6m19s 
 Reception Table 17 17 17m53s 
Engineer FeedReader Table 17 17 13m11s 

 Reception Tool 17 17 10m35s 

 
One subject got two wrong answers with table and the others got correct answers 

for all questions. All subjects have completed the task in short period with the tool 
than with table. The total time for FeedReader with tool is 13 minutes and 29 seconds 
and the total time with table is 26m47s. The total time for Reception with tool is 
16m33s and the total time with table is 26m29s. 

The number of subjects is very small, but the result suggest the tool enables users 
to identify imbalance of stakeholders or lack of stakeholders faster and more correctly 
than a matrix of stakeholders and concerns. 
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5   Related Works 

Schneider [18] proposes a technique used to visualize informal communications in a 
project. Heim [8] proposes a technique how the relationships between requirements 
are visualized using graph structures. Rohleder [17] proposes a graphical representa-
tion on non-functional requirements impact by eight composite rules and seven types 
of links. 

Stakeholder management has a long history [16] but there is no graph representation 
of relationships between stakeholders and their concerns. Pouloudi and Whitley [15] 
suggest four principles of stakeholder identification, and describe and approach which 
is based on these principles, and which they used to identify stakeholders in the drug 
use management domain. Lyytinen and Hirschheim [13] also provides some guidance 
for stakeholder identifications for IS, while acknowledge in that the identification of 
the set of all stakeholders is far from trivial. Sharp at el [19] propose a technique to 
discovering all relevant stakeholders of a specific system. Our proposing tool will be 
able to support the Sharp's technique if the model of the technique is applied instead of 
the semantic tags of AGORA goals. However the Sharp's technique must be done 
separately in requirements analysis. Our tool is combined with goal graph editor and 
missing stakeholders will be identified in the middle of requirements analysis. 

6   Summary and Future Works 

This study presented a technique for visualizing stakeholders concerns in a project 
using an anchored map. The tool produces a graph which represents the relationship 
between stakeholder and system concerns. The tool can switch anchors and free 
nodes, and stakeholder preferences for goals are aggregated with semantic tags.  
Requirements analysts can easily obtain an overview of the analysis, to find which 
concern has high priority for end users or system administrators, or to identify the 
concerns which the smallest number of stakeholders are interested. 
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