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Abstract. Effective requirements engineering in the presence of imperfection
remains a major research problem and there is a lack of metaphors to aid
communication during consultation with stakeholders. We propose a metaphor
to promote and improve communication between stakeholders and requirements
engineers when working together on requirements documentation, to detect and
handle imperfection. The metaphor is based on jigsaw puzzles, where each
puzzle piece represents a concern (i.e., a set of requirements). When the
requirement’s text contains imperfections potentially leading to conflicts with
other concerns, the respective puzzle pieces have a matching that almost fits but
not perfectly. We argue that using such a metaphor fosters team work and
communication towards detecting and analyzing imperfections in stakeholder
consultation meetings. It also makes stakeholders feel that imperfections in
requirements documentation are their problem too. Having the jigsaw puzzle, a
game widely known and very easy to learn and play, provides a good metaphor
for group work among persons with heterogeneous background, and introduces
fun in a work usually perceived as boring. Together with the jigsaw puzzle
metaphor we present a method that receives a text document and through the
integration of tools and heuristics supports the detection of imperfections, in
particular conflicts. The requirements engineer can then select the most
pertinent conflicts and require the appropriate tool to produce a jigsaw puzzle to
be used in a consultation meeting with stakeholders. We have already
conducted an experiment, which indicated interesting results, in particular an
effective improvement of communication. We plan to perform two more
experiments.

Keywords: Requirements, Communication, Team work, Stakeholders,
Imperfection, Conflict Detection, Jigsaw puzzle metaphor, Empirical evaluation

1 Problem and its Relevance
The development of software is a complex task, requiring the acquisition and

processing of a huge amount of information. Software engineering involves a large
number of decisions to be taken at the right time. These decisions are based on
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information and produce information that should be recorded and presented in an
accessible manner for both the software engineers and the stakeholders.

Providing appropriate and usable mechanisms to represent information is difficult
because information in software development is heterogeneous, inputted and used by
a heterogeneous professional community and also inherently not perfect. This is
particularly true in requirements engineering. Existing software development
approaches aim to come to a perfect set of requirements. But they also acknowledge
the difficulty of defining requirement specifications with desired quality. Due to this
difficulty some approaches have started to include tools, like iteration and heuristics,
to ensure the quality of the resulting software system. But for a non-trivial system, it
is unrealistic to assume that the development is performed in an ideal case where all
the imperfect information will become perfect, the requirements will not change
and/or it will be possible to correct all the problems caused by wrong assumptions.
Furthermore, it is unrealistic that it will be possible to perform the large number of
iterations needed as these are restricted by time and financial constraints [13].

Requirements are pieces of information where imperfection, like incompleteness,
ambiguity, and conflict are inherently present. It is not realistic to think that
imperfection can be removed before or during systems engineering. Thus, decisions
during development are almost always made in the presence of imperfection. The best
we can aim is at making explicit the information on the imperfection facets of
requirements and deal effectively with such imperfection, for instance, resolve it
where possible or be mindful of it when making decisions [12].

By imperfection we mean things like incompleteness, misplacement, ambiguity,
and conflict. In our research we focus on conflicting or ambiguous requirements
expressions, and not conflict due to different interests of stakeholders and/or software
engineers.

The ultimate reason to address imperfection in requirements is that if imperfection
is not made explicit and appropriately handled, it will be supposed that requirements
are perfect. Development will proceed and the system produced will contain errors or
unwanted characteristics. Big disasters, costing even human lives, due to imperfection
in requirements are well known in systems engineering history (e.g., Therac-25 [11],
Mars Climate Orbiter [18], etc.). It is also known that the sooner the errors are
corrected the less costly they are [5].

2 Proposed Solution

2.1 Novel Aspects of the Work

We propose a metaphor based on jigsaw puzzles in order to promote and improve
communication amongst system stakeholders and between stakeholders and
requirements engineers. This metaphor is to be used during consultation meetings
with stakeholders, fostering group work to review requirements documentation in
order to detect and handle imperfection. In these meetings, typically requirements
engineers want to focus in a small number of concerns (say 4 to 6) [17] and facilitate
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involvement of stakeholders. Our hypothesis is that this jigsaw puzzle with imperfect
interlocking shapes between pieces (representing concerns with potential conflict)
fosters team work and communication towards detecting and analyzing imperfections
in requirements meetings. When the requirement’s text contains imperfections
potentially leading to conflicts with other concerns, the respective puzzle pieces have
a matching that almost fits but not perfectly. We also foresee that this metaphor will
improve stakeholder’s awareness that imperfections in requirements are their problem
too and thus increase their commitment to cooperate in solving those imperfections.
We believe this will happen because both stakeholder’s and engineers have to work
with the same common “document”, i.e. the puzzle, and not each with its own copy of
requirements text.

We propose a method to support the management of imperfect information in
requirements. This method receives requirements documents written in natural
language, and integrates existing tools alongside with heuristics to detect, classify,
and prioritize imperfections. For the most pertinent cases of requirements conflicting,
the requirements analyst(s) has the option to produce, supported by a developed tool,
a set of jigsaw puzzle pieces to be used in consultation meetings with stakeholders to
review that part of the requirements documentation. The method prescribes that the
remaining imperfections are handled through annotations. These annotations record
information about the imperfection and describe how to proceed in order to manage it
(e.g., what to ask, to whom). The method is to be iteratively repeated, as long as the
requirements team considers it useful and according to time and budget constraints.
This means that, at different moments during development, diverse parts of the
requirements can be selected to be discussed in consultation meetings with
stakeholders, or amongst analysts. For each set of requirements a different jigsaw
puzzle set is produced.

We propose a solution based on a visual metaphor because we believe metaphors
may provide a good solution to address the needs of making imperfections in
requirements explicit via visualization. A visual metaphor is an analogy that underlies
a graphical representation of an abstract entity or concept with the goal of transferring
properties from the domain of the graphical representation to that of the abstract entity
or concept [4, 9]. The more complex visual metaphors (more complex than two- or
three-dimension geometric ones) have been applied in its vast majority to artifacts and
software that already exist (to show metrics, for program comprehension, for reverse
engineering) [4]. Using visualization to support creation and decision in software
development requires a different mindset: to provide visualizations for artifacts and
organization that are not known, they are being built. We believe a well-assembled
metaphor, making an analogy with a building process where in the beginning we do
not know the organization but it starts to appear, can provide interesting tools for
software development, focused on its “being built” nature. The jigsaw puzzle game
provides a good metaphor for building something from different pieces that have to be
correctly assembled to yield a final common product.

In order to accommodate usage by different professional profiles that cooperate in
software development we should provide a metaphor that builds on a well-known
concept to be easily used by the broadest professional profiles. The jigsaw puzzle, a
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game widely known and very easy to learn and play, potentially provides a good
metaphor for group work among persons with heterogeneous background. Last but
not the least we should not forget that these consultation meetings with stakeholder’s
are usually boring and being the jigsaw puzzle a game introduces fun in work!

2.2 Research Methodology

We planned to perform three experiments. These experiments are concerned with
understanding how requirements engineers and system stakeholders communicate and
work together to detect, and analyze imperfections present in requirements
documentation for a system. In particular, we want to study how requirement
engineers and stakeholders communicate and handle imperfection with the jigsaw
puzzle metaphor we have developed. Our hypothesis is that this jigsaw puzzle
metaphor with imperfect interlocking shapes between pieces (representing concerns
with potential conflict) fosters team work and communication towards detecting and
analyzing imperfections in requirements and improves commitment of stakeholders in
resolution of imperfection.

In the experiments we are going to emulate the “real-life context” of a consultation
meeting between requirements engineers and stakeholders. In these meetings with
stakeholders the investigators will perform the role of requirements engineers and
facilitators, while participants will play the role of stakeholders.

These experiments have a mixed philosophical stance: positivist and constructivist.
Thus the experiments will be confirmatory once they will be used to test the
hypothesis described above. The experiments will be exploratory once they will be
used to understand the capabilities and problems of the proposed metaphor,
eventually leading to new hypothesis. When comparing the empirical results with the
proposed theory, the conclusions may indicate that the results confirm the theory (as
we expect), i.e. the proposed jigsaw puzzle metaphor facilitates and improves
communication and work in order to handle imperfection in meetings with
stakeholders. It may happen that the results contradict the theory. In this case we
would have to reformulate our propositions. As our experiments have also an
exploratory nature, the development of a rich case description will be very useful
once it will enable to understand the capabilities and problems of the proposed
metaphor, which can lead to an improvement of our theory.

We already performed an experiment with results indicating an effective
improvement of communication during consultation with stakeholders. We presented
a jigsaw puzzle set composed of 4 cardboard pieces with size 10 cm x 10 cm, and
representing 4 concerns of the Crisis Management System [7]. Each piece has bumps
and dips in one or more edges, which are a cue to how they should be assembled to
build the puzzle. The participants were asked to try to build the puzzle. When doing
this they discovered that there is a way the pieces fit but not perfectly. At this moment
they were asked to read the text in the pieces, and scan what could be the possible
sources of imperfection. The text written in a piece representing a concern is the same
as in the requirements documentation. To improve readability we cut some not
necessary text, made some abbreviations, displayed the text in list mode, and used
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upper case letters to stress the “topic” of each requirement. Figure 1 shows a picture
of the cardboard puzzle after being used in the experiment and Figure 2 shows the text
for Availability and Reliability as it was published [7]. In this experiment participants
discovered all the imperfections we were aware and some others we had not thought
of a priori. Just to give an example, when looking at Availability and Reliability texts,
triggered by the non-fitting interlocking shapes, participants could guess that
requiring “max. failure rate: 0,001%” as in Reliability would not be compatible with
allowing “downtime for maintenance: 2 h each 30 d” as Availability allows. In fact, if
one discounts 24h to the hours a year contains, it is achieved a downtime of 0,274%,
higher than 0,001%. However, if we observe from a different angle we can see that
the insufficiency may instead inhabit in knowing if “downtime for maintenance”
(term used in the Availability requirement) is to be interpreted or not in the same way
as “failure” (term used in the Reliability requirement). The participants in the
experiment also pointed out this other possible imperfection.

Some of the behaviors and emotions we perceived are now described. When trying
to build the puzzle, the participants started to propose to others what tactic to use,
like: “make first the corners” and we could perceive they were exploring how to work
in group. After this initial phase, participants collaborated as a group, not having
problems in posing their questions or making comments, and saying things like: “wait
a minute...” and then explaining their reasoning and offering their comments. The
participants were handling the pieces, even taking them up of the table, and showing
them to others. They used the direction of the text written on the pieces as another
visual cue (in addition to the interlocking shapes) that helped to understand how the
pieces should go together. During the phase of scanning for imperfections, the
participants kept working as a group, and when faced with a possible imperfection,
participants discussed among them. After achieving a consensus, one participant
hand-wrote the group conclusion on the piece using numbers and/or letters to refer to
the different pieces and phrases inside a piece. In some imperfection cases the
participants proposed a common remedy for the imperfection. Some of the
suggestions for improvements that come out from this experiment are: to have the
possibility to identify, univocally, each requirement (each phrase in a piece) so that it
can be referred to in comments anywhere in the puzzle; make the pieces bigger so that
there is more free space for hand-written comments; and reinforce the jigsaw puzzle
metaphor common cues such as the use of color on the surface of the puzzle pieces.
We also discussed with participants the question: if it would be preferable to have
virtual puzzle pieces instead of the presented cardboard pieces. Participants
unanimously preferred the physical cardboard pieces, because of the possibility to
handle the pieces, picking them up and showing to others while discussing, and also
the possibility of writing on the pieces. But the idea of having (also) the virtual pieces
supported, for instance by a digital imaging table is an appealing one. These digital
supported pieces could provide instant visual feedback on decisions participants make
when facing an imperfection (like changing a requirement text, or adding/deleting a
requirement or concern). The exploration of the digitally supported puzzle pieces
provides interesting questions for future work. Some of these questions are: how will
the virtual puzzle adjust according to decisions participants make, like delete a
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concern and thus a puzzle piece? What are the kinds of decisions allowed? How can
the aspects participants appreciated in the cardboard pieces be maintained and adapted
to the digital media?

FAILURE RATE: 0.001%
E COMMUNICATION on

Fig.1. The cardboard jigsaw puzzle after being used in the first experiment.

. Availability

— The system shall be in operation 24 hours a day, everyday, without break, throughout the year except
for a maximum downtime of 2 hours every 30 days for maintenance.

— The system shall recover in a maximum of 30 seconds upon failure.

— Maintenance shall be postponed or interrupted if a crisis is imminent without affecting the systems
capabilities.

. Reliability

— The system shall not exceed a maximum failure rate of 0.001%.

— The mobile units shall be able to communicate with other units on the crisis site and the control

centre regardless of location, terrain and weather conditions.

Fig.2. The text for Availability and Reliability as it is published [7].

We are now preparing a second experiment to explore pieces surface and
eventually take profit from the jigsaw puzzle common cue of having an image in
background guiding how the pieces should be assembled. The pieces size will be
bigger: 12 cm x 12 cm, and the requirements will be labeled for reference in
discussion and report. We will perform 3 sessions with 3 different groups using 3
systems, and each group will work as control group for a group in another session.
For instance, in the 1% session the group will work with system A with jigsaw puzzle
metaphor, and with system B with plain text. In the 2™ session, the group will work
with system B with jigsaw puzzle metaphor, and system C with plain text. The 3™
session will work with system C with jigsaw puzzle metaphor, and system A with
plain text. With this second experiment we want to confirm our hypothesis further and
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explore the usage of piece surface that come out as a suggestion from the first
experiment. We are, also developing a software tool to generate the jigsaw puzzle
pieces.

3 Related Work and Conclusion

There are a number of research areas that have focused on particular aspects of
imperfection in information such as conflict management or evolution.

There are also, some methods that provide decision support for specific software
activities that are hampered by imperfect information. They extend the expressive
capabilities of the development process, through adding models, describing important
properties of imperfect information, for instance by means of probability theory or
fuzzy logic [21, 10, 15, 13]. There has been an effort to support imperfect information
in software development tools, across the life cycle. This is especially true in the work
of Noppen [13]. This work focuses on setting up the foundations for the support of
imperfect information in software development. Communication and user interaction
issues are not the focus of this work, recognizing that the user interaction with the
imperfection models (which are mathematical models) can be difficult, in particular
since the intended users do not necessarily know them. In fact, it is necessary to study
what kinds of imperfect information exist and which ones are relevant for effective
decision support and how. Skeels et al work gives a step in this direction in what
concerns the uncertainty type of imperfection [16]. Our work aims to explore the
potential synergy between Information Visualization and SE Visualization (as
envisioned by Gotel et al [6]) to provide good metaphors for the integration and
support of imperfect information in software development tools. In fact, visual
metaphors have, from a long time, been used to represent information in software
engineering. The diagrams are geometric-based metaphors and the tree (even the
mathematical concept) is a metaphor. One example of more sophisticated visual
metaphors is the city metaphor, which was used to visualize software code [3, 8, 14,
19, 20]. In the city metaphor a building or a district represents an object-oriented class
and the visual characteristics are used to depict software characteristics and metrics.
Another interesting metaphor is the landscape metaphor where landscapes are used to
represent software systems [1]. Boccuzzo [2] propose the usage of the concept of
well-shaped graphical visualization to represent that the corresponding artifact is well
designed. This shows that the metaphor “language” can be used to express
information about the artifacts that are being represented.

We believe the presented jigsaw puzzle metaphor promotes and improves, in a
novel way, communication between stakeholders and requirements engineers when
working together on requirements, to detect and handle imperfection.
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