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1. Introduction

Unsuccessful communication is often at the root of
inadequate requirements specification [14]. This can lead
to requirements that do not capture complete stakeholder
expectations.  Stakeholders can include managers,
software engineers, end-users, clients, etc. End-users
provide a rich source of information about a system as
they will directly interact with the final system. They also
tend to have a solid knowledge of the domain including
the tasks being automated. Thus, a major goal early in the
software engineering process is gathering meaningful
requirements from end-users.

Potts, et al. [14] propose inquiry-based requirements
analysis. They break the process into three major phases:
Requirements Documentation, Requirements Discussion,
and Requirements Evaluation. Finkelstein [5] talks about
seven difficult areas in requirements engineering. One of
those areas is requirements acquisition. Requirements
documentation or requirements acquisition is the process
of getting an initial set of requirements from stakeholders.
Getting this starting base of requirements is a challenge.

My topic is to explore using mock end-user graphical
interface  construction supplemented with textual
argumentation as a means of communicating software
requirements information to software requirements
analysts and providing automated assistance for
requirements analysts examining this information.

2. Requirements Gathering

Zave and Jackson [21] discuss areas where
requirements research is weak. They note that
terminology used for requirements should match the
environment where the machine (e.g. software) is going
to be built and used. Language is often ambiguous,
especially when peppered with jargon, i.e., technical

terms used within a group. End-users and requirements
analysts essentially speak two different languages. These
languages may share terms that are used in different ways
by each. End-users and requirements analysts can become
involved in a language game where each does not know
the rules of the other [4]. Successful communication is
hindered when textual language alone is used for
communication.

Combining communication with reference to an
artifact can facilitate communication by allowing "design
by doing" [4]. Moreover, Glenberg and McDaniel [6]
have noted that integrating spatial and linguistic
information is a requirement for effective communication.
Others have used a combination of visual and textual
information. Reeves and Shipman [15] use visual design
artifacts as the focus for communication. Shipman, et al.
[17] use visual objects for information organization and
interpretation.

Requirements state expectations at two levels. The
first level consists of high-level functional requirements
that state goals the system will achieve. The second
includes more fine-grained procedural expectations that
describe how the system will behave. It is possible to
fulfill a set of functional requirements in multiple ways
using different instantiations of procedural requirements
or behaviors.

2.1. Other Approaches

Many techniques are available eliciting and refining
requirements [12]. Methods for obtaining the initial set of
requirements can include questionnaires, interviews, task
analyses, and goal based methods that employ a rigid
rule-based approach [3]. Each method results in a set of
requirements that capture functional and procedural
information to varying degrees.

While users know the functions that the software
should include, they do not explicate the fine-grained



procedural behavior that they desire. Sometimes they
assume that their high level functional descriptions entail
the detailed procedural steps and processes that are not
made explicitly. Moreover, there may be tacit knowledge
that users cannot share [13]. Getting at this useful and
necessary information is inherently difficult and
compounded by the inexact nature of language. Much of
the ambiguity in these descriptions can be resolved
through further communication.

Communication, whether it is in writing or face-to-
face, assumes a shared background knowledge supporting
the exchange of information. However, when attempting
to elicit detailed procedural information, these
assumptions can inhibit the successful exchange of ideas.
When attempting to elicit information from a client using
existing requirements specification processes, the client
may not verbalize pertinent information assuming that the
receiver knows these things implicitly.

Face-to-face communication allows for the rapid
repair of communication breakdowns [18]. However,
these interactions may limit the exchange of some
information due to the influence of the “expert” software
engineer. The end-user may be led down a specific path
that matches the expectations of the software engineer.

Task analysis can be used to obtain information about
work practices, even practices that end-users are not
aware of. Ethnographic analysis gives a requirements
analyst access to the rich features of human
communication mentioned above. Unfortunately, some of
these benefits are lost since methods where the observer
asks questions can cause people to break from the routine
that the observer is trying to capture.

While interviews and task analyses are a rich source of
requirements information, they can be time consuming
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since they require users and software designers to be co-
located in time and space. The related scheduling issues
can draw out the requirements analysis process,
lengthening the overall software development timetable.

The Requirements Apprentice (RA) develops a
coherent internal representation of a requirement from an
initial set of disorganized, imprecise statements [16]. The
initial set of data input by the software engineer is based
on interviews with end-users. RA does not interact
directly with end-users. Although RA works to provide a
better set of initial requirements, it still relies on existing
methods of initial requirements acquisition, 1i.e.
questionnaires or interviews.

Interviews and questionnaires provide needed
information but place the user in the role of informant
rather than participant [11]. Some software development
processes have been shifting towards participatory design
(PD), where users take a more active role [1]. Many PD
activities have focused on design instantiation and more
downstream activities [2][20]. These activities have
included modifying prototypes [8][19] and paper designs
of interfaces [11]. One major advantage of PD is that
participants form a personal stake in the product and are
more likely to work to make it succeed. It helps develop a
sense of ownership within the user community. As with
interviews and task analyses, participatory design requires
user time. Thus, it can be difficult to schedule and costly.

The problem is that requirements gathering methods
tend to fall into two categories: those that produce rich
results but are expensive (in time and money) and those
that are less expensive but also less informative. A tool
that allows initial requirements gathering to occur outside
the realm of face-to-face interactions while generating a
richer initial set of requirements has the potential to
reduce the amount of user time
actually needed.

I=r1 3. Approach

My approach is to provide a
software-based requirements
acquisition tool that interfaces
directly with end-users.The end-
users will create mock user interface
constructions  augmented  with
textual argumentation that will act as
communication to software
requirements engineers (Figure 1). A
second tool will provide software
requirements engineers support for
analyzing mock wuser interfaces
constructed by multiple end users.
Figure 2 shows an overview of this
process.
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Figure 2: Approach

It is important that users feel involved and have a
feeling of control during the requirements definition
process [7]. In my approach they will feel more control
over the requirements since they work with a computer
and not with an "expert" who might influence them.
Furthermore, this approach gives end-users an active role
in the requirements gathering process, as with PD.

The use of graphical user interfaces (GUIs) has
become ubiquitous through the use of operating system
interfaces such as Microsoft Windows and the Macintosh
OS. Through this interaction paradigm the usage of
widgets has become standardized to the point where the
placement and usage of widgets are essentially a visual
language, the "language of the GUIL" People who
regularly use GUIs implicitly understand this language.
Users see radio buttons and think "one choice" where
software developers see "mutual exclusion." The
language of the GUI allows communication through a
more unified language with a vocabulary of widgets.
Moreover, requirements analysts can identify how textual
vocabulary, as presented by end-users, fits into their
understanding of the environment. The language of the
GUI facilitates the transfer of these concepts from end-
user to software developer, thereby avoiding many of the
trappings of jargon and textual communication.

By wusing the language of the GUI, interface
construction becomes a way for end-users to
communicate their desires and goals for software. End-
users can convey things that might be too difficult using
solely text. This visual approach may also be insufficient
for adequate communication. It can be clarified by
attaching textual argumentation to graphical artifacts,
allowing the strengths of both textual and visual
information to augment communication.

Some may argue that interface construction is a design
task and not a requirements gathering activity. While end-
users are basically designing interfaces, most end-users
are not skilled or trained in interface design. Regardless
of the design quality, they are creating interfaces that can
be reverse engineered to identify salient requirements.
The language of the GUI allows communication of these
requirements through end-user designs. This should be

viewed as design for elicitation rather than the final
interface design.

Within the context of the direct interaction between
end-users and the system, end-users provide both
graphical design ideas and textual argumentation that are
analyzed to find relationships and requirements. This can
create a large data set that can be daunting to analyze.
Providing support for analysts without hindering
creativity is a challenge.

First, requirements analysts need access to the various
constructions created by users including the ability to
browse various user constructions. Some of this
navigation can be based on the evolution of the
workspace. Analysts can look not only at the final design,
but also look at how user constructions evolved over
time. This can provide insight on what users were
thinking when developing mock interfaces. Access to
work done that was later removed through the undo
mechanism might also provide insight. Moreover, search
facilities are needed to rapidly move from place to place
in the information space created by users' constructions.
One way is to provide indexes into the space based on
characteristics of user constructions. Characteristics
include: argumentation, author, widget types, widget
labels, spatial layout information, and temporal
information. Analyzing user constructions serially could
be quite laborious. Rather, analysts should be able to
search based on the characteristics of constructions and
see how different users presented that content.

As analysts work through the requirements data, they
often create formal representations. For example, if using
UML they may produce class hierarchies, activity
diagrams, and collaboration diagrams. They may also
produce use cases and scenarios. This process can be time
consuming. Automated analysis of the workspace can
provide preliminary formal representations that give a
starting point for further development. Developing formal
representations is tricky. It is unlikely that formal
representations created automatically from loosely
structured data will be accurate enough for use without
refinement. However, automated creation may reduce the
time necessary to develop formal representations.



4. Contribution & Current Results

A gap exists between requirements elicitation
techniques. My approach will provide an intermediate
option that falls somewhere between questionnaires and
face-to-face techniques. The tools I create to implement
this approach will provide support for requirements
generation from multiple end-user constructions.

In addition to the contribution of a software system for
requirements elicitation, my work will provide insight
into the viability of this approach. Finally, it will provide
insight into end-users' understanding and expression of
software requirements as well as software analysts'
comprehension of end-user expressions.

Some of this work has been reported in [9] and [10].
The elicitation tool has been developed and used to
collect data from approximately 75 students in three
conditions. The first group provided information by
creating interfaces that could be augmented with textual
argumentation. The second group was limited to using
only text. The third group was limited to creating
interfaces without textual argumentation.

Currently the analysis tool is under development.
Current work is focusing on how to use textual, spatial,
temporal information, as well as the semantics of the
language of the GUI individually and in combination to
ascertain requirements information. Some of this work is
focused toward creating diagrams that might be of
interest to a requirements engineer.
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