
1. Introduction 
 

Effective visualizations are designed artifacts. As 
with all designed artifacts, there are stakeholders and 
end goals that these visual artifacts are intended to sat-
isfy, along with defined processes that can help to 
achieve these ends. This paper questions the limited 
use of visualization in supporting requirements engi-
neering activities to date, as compared with other areas 
of software engineering which appear to have received 
more attention and been the subject of international 
within other domains to reduce vast amounts of multi-
dimensional data to a single picture to promote rapid 
situational awareness and enable decision making 
tasks, as with the military Common Operational Pic-
ture (COP) [44]. Within the software domain, the 
shared physical story wall that is at the heart of agile 
software development processes is the nearest ap-
proximation to such a COP. This affords project stake-
holders with visual information about the changing 
status of stories (aka requirements) along with the op-
tion of physical manipulation. Virtual variants of such 
walls are now commonly developed and used [13, 30]. 
This paper builds upon the idea of shared visual com-
municative artifacts and sketches an initial concept for 
producing requirements pictures. 

The near term vision is of a system that automati-
cally maps data about requirements into visual arti-
facts, permitting stakeholders to actually ‘see’ the re-
quirements, gain awareness on requirements properties 
and support high-level decision making activities. The 
longer term vision is to provide stakeholders with a 
way to ‘sense’ the essential characteristics of these 
requirements in a more direct and engaging manner. 

This paper is organized as follows. Section 2 pro-
vides some background to the theory and process of 
visualization. Section 3 gives a brief synopsis of the 
use of visualization in software and requirements engi-
neering. Section 4 describes how an effectively de-
signed visualization could provide assistance in under-
standing various properties about requirements in sup-
port of typical stakeholder decision making tasks. Sec-
tion 5 outlines how a visual metaphor and transforma-
tion system for generating requirements visualizations 
could be developed. Section 6 presents three sample 
visualizations. It explains their scope and intention, 
along with the generation procedure. These point to the 
infinite varieties of visualization that are possible in 
this domain, so a research agenda to pursue and vali-
date this line of work is given in Section 7. The paper 
is presented to stimulate workshop discussion. 
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thousands of degrees of freedom cannot be adequately 
represented by directly mapping them to geometry and 
color. Significant reductions in scale and remapping 
must be performed before the data may be visualized. 
Finally, some concepts do not have a direct graphical 
mapping. Concepts such as love, ambiguity, under-
standability and correctness must be transformed into a 
representation that communicates the concept’s sense 
and value. In sum, regardless of the nature and com-
plexity of the concepts that define a system, it may be 
necessary to transform them into another conceptual 
form so as to make them more readily perceptible. This 
transformational process amounts to finding a meta-
phor that aptly represents and communicates the in-
formation to be perceived. 

A metaphor is “something regarded as representa-
tive or suggestive of something else, especially as a 
material emblem of an abstract quality, condition, no-
tion, etc.; a symbol, a token” [33]. Metaphors make an 
analogy between the attributes of a known sign or 
symbol and the comparable attributes of what is to be 
represented. In short, a metaphor takes what we know 
and connects it with what we want to know. Metaphors 
are the foundation for the creation of many models that 
are fundamental to science and engineering [22]. The 
power of a good metaphor is that it makes an immedi-
ate and instinctive visceral connection with the viewer 
and triggers an instantaneous response [29]. The adver-
tising industry goes to great lengths to find just the 
right metaphors [34]. 

Metaphor selection for visualization may be a chal-
lenging process, given the kinds of data to be visual-
ized, the goals of the visualization and the target audi-
ence. One approach to selection has been proposed by 
Eppler and Burkhard in their analysis of knowledge 
visualization [17]. Inspired by real-world objects and 
systems, their metaphors fall into four generic groups: 
1. Natural phenomena: mountain, iceberg, tree, water-

fall, volcano, river, cave, etc. 
2. Man-made objects: balance, ladder, wheel, road, 

bridge, funnel, umbrella, bucket, lever, etc. 
3. Activities: climbing, walking, reaching, driving, 

eating, fishing, harvesting, juggling, pouring, etc. 
4. Abstract concepts: family, peace, law, chaos, etc. 

These metaphors run the gamut from simple (e.g., 
lever, bridge) to complex (e.g., law, chaos), presenting 
their own challenges of implementation. Yet, many are 
already used within the software industry, including 
tree (data structures), bucket (sorting), waterfall (soft-
ware engineering lifecycle), iceberg (maintenance) and 
hill climbing (optimization algorithms). 

Whatever the selection, we believe that for a meta-
phor to be a useful mapping, it should be intuitively 
recognizable and understandable, simple to implement, 

support binary decision making, as well as provide the 
ability to assess a degree of change in state informa-
tion. A potential example is the oscillator. Oscillators 
are objects or systems that demonstrate a systematic 
variation or fluctuation in a property about a central 
value. Pendulums and masses on springs are two sim-
ple examples. Oscillators may be used to model a wide 
variety of phenomena including electromagnetic 
waves, molecular vibrations, population dynamics, 
climate changes, and planetary motions, to name but a 
few. None of these systems share the same physics of 
scale, yet all may be modeled using an understandable 
metaphor that becomes the underlying conceptual 
model for defining, quantifying and visualizing these 
phenomena. 

Metaphor selection creates an additional step in the 
visualization process. It is now composed of three parts 
that begins with the selection of a suitable metaphor to 
represent each attribute or concept, followed by the 
creation of an AVO, and ending with instantiation of 
the AVO in an appropriate medium. As an example, 
consider an artist who wants to create an artwork rep-
resenting his love for his wife. He selects a typical 
metaphor for love - a red heart. He sketches out a de-
sign for an AVO of the heart that defines its size, shape, 
color and texture. He then paints the heart with oils on 
canvas. Later his wife, who is a choreographer, decides 
to craft a dance signifying her love for her husband. 
Instead of using a heart, she uses cupid as one of many 
metaphors in her production. Her AVOs specify the 
kinds of dancers, how they are dressed, their move-
ments and the scene in which they perform. A producer 
and director then instantiate this work as a perform-
ance. What these two examples demonstrate is that 
there may be more than one useful metaphor for de-
scribing a concept, and metaphor selection may depend 
on the type of AVO constructed. For example, although 
leaping hearts (yet another metaphor) may make for an 
interesting performance, dancing cupids may work 
better in the context of total AVO design. Yet, cupids 
dancing with hearts plays into the subject of redun-
dancy, an important tool for reinforcing communica-
tion; specifically, where multiple channels are used to 
convey critical information (e.g., flashing lights and 
sirens). Thus, there is all the more reason to include 
multiple metaphors when necessary. 

Issues of interaction and dynamics among AVOs re-
turn us to the map. The UML diagram with which we 
began Section 5 is static and displays no information 
about the collaboration among requirements. It may be 
transformed into a dynamical representation by invok-
ing a molecular model metaphor (like those supported 
by physical chemistry modeling software [48]). A mo-
lecular model represents molecules as a graph in three-
dimensions in which vertices represent the location of 
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atoms and edges represent bonds. Atomic attributes 
such as size or charge may be mapped onto AVOs as 
spheres of appropriate size and color. Bonds between 
atoms may be represented as cylinders in which strong 
bonds are short and weak bonds are long. Molecules 
vibrate, their atoms moving in synchrony. These dy-
namics are usually displayed as animations (oscilla-
tions). By analogy, the size of each class’s underlying 
requirements determines it size; the type, its color; and 
the strength of the coupling between requirements un-
derlying different classes by the distance between 
them. If classes work in concert to convey and/or to 
satisfy a requirement, they can be shown to vibrate in a 
synchronous way; if not, they may be displayed as 
moving randomly. In both cases, the amplitude of mo-
tion may be tied to the rate or degree of change that a 
class’s requirements have undergone over time. 
 
6. Sample Requirements Visualizations 
 

In this section, we outline three approaches to 
visualization, drawing upon the ideas in the previous 
sections. Since we are interested in the multi-
dimensional nature of requirements (i.e., the use of 
their meta-data), we base our examples on require-
ments that have been pre-specified using the Volere 
requirements shell (requirements that can be found 
within the Robertsons’ text [36]). Here, a textual re-
quirements description is augmented by twelve addi-
tional attributes (as described in the text below). 
 
6.1 Symbolic Approach 
 

The Footprint Visualization (Figure 1) is designed 
to assist the simple assessment of each individual re-
quirement in terms of the presence of all the specified 
attributes, a form of completeness, and the presence of 
any apparently inflated attributes, an approximation of 
complexity. Both factors should indicate the need for 
further specific examination and, more generally 
within a set of requirements, its state of development. 
Using this visualization, every requirement has its own 
unique shape, a fact that may lead to the recognition of 
‘healthy’ prints and also support diagnostic activities. 
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Figure 1. Footprint Visualization. 

In the Volere requirements shell, all attributes are 
initially void and at least five may be vulnerable to 
inflated entries: list of events/use cases, description, 
rationale, fit criterion and list of conflicts. Two other 
attributes, supporting materials and history, may also 
be vulnerable. In Table 1, attributes 3,4,5,7 and 11 are 
associated with symbols which may expand in order 
that they may represent content whose size is not fixed. 
 
Table 1. Volere attributes and representation. 

 
# Attribute Type Content Symbol 
1 requirement 

number 
number 000 square 

2 requirement 
type 

number 00 square 

3 event/use 
case list 

references 000-000-000-
...  

linked ovals 

4 description text abc... expanding circle 
5 rationale text abc... expanding circle 
6 source reference 

or text 
000/abc... square/expanding 

circle 
7 fit criterion text abc... expanding circle 
8 customer 

satisfaction 
range 1,2,3,4,5 upward vertical 

arrow 
9 customer dis-

satisfaction 
range 1,2,3,4,5 downward verti-

cal arrow 
10 priority range not specified upward vertical 

arrow 
11 conflicts list references 000-000-000-

... 
linked squares 

12 supporting 
materials 

references 000-000-000-
...  

linked circles 

13 history text, list or 
references 

abc.../000-
000-000-... 

expanding circle 
/linked circles 

 
The visualization shows the values associated with 

each attribute set out as a row of symbols arranged in 
the simplest form of 'rectilinear network' as classified 
by Bertin [6]. A single drawn outline encloses all the 
symbols and creates a more amorphous form which 
swells and contracts according to symbol sizes and also 
contains voids where attributes have no value. In the 
classification of Bertin, this outline would also be a 
'network' but one of 'irregular arrangement' without 
explicit distinction between 'component' and 'relation-
ship'. This outline readily transforms into a single 
shaded shape punctured where void attributes occur, a 
form of ‘footprint’. Using this approach, a single re-
quirement from page 159 of the Robertsons’ text [36] 
is mapped into the visualization of Figure 1. The sym-
bols in Figure 1 have been generated as follows: 

1. Requirement number (110) 
2. Requirement type (11) 
3. Event/use case list (006)-(007)-(008)-(009)-(010) 
4. Description (11 words) 
5. Rationale (21 words) 
6. Source (5 words) 
7. Fit criterion (26 words) 
8. Customer satisfaction (3) 
9. Customer dissatisfaction (5) 
10. Priority (not given) 
11. Conflicts list (000) 
12 Supporting materials (void) 
13 History (6 words) 
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