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Abstract
Requirements engineering research, with its focus on dicitation, andyss and
management, offers little to support the cregtion or invention of requirements. This paper
reports the use of innovative techniques to encourage cregtive thinking about requirements
for an ar traffic control system. It describes results from 3 creativity workshops and
lessons learned to integrate creativity workshops into structured requirements processes.
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1. Introduction

Requirements engineering is not recognised as a creative process (e.g. Nuseibeh &
Easterbrook 2000). However, the emergence of new systems and products means that
stakeholders increasingly create and invent idees that they express as requirements. It isa
trend that requirements engineering, with its focus on dicitation, andyss and management,
has yet to grasp fully.

This experience paper reports techniques that were gpplied to encourage credtive
thinking during the requirements process for a software-based sysem in a naturdly
consarvative domain — ar traffic management (ATM). It describes the gpplication of
unusud theories, such as andogica reasoning from cognitive science, to underpin the use of
these techniques, and reports basic results and lessons learned. It focuses on the creativity
techniques gpplied and demongrates them with examples from the ATM domain.

2. Determining requirementsfor the CORA-2 system

We worked with Eurocontrol, the organization overseeing European air space, to desgn
and implement RESCUE, a process for determining stakeholder requirements. RESCUE
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was goplied to CORA-2 (Conflict Resolution Assgtant), a sysem that will provide
computer-based assistance to air traffic controllers to resolve potentia conflicts between
arcraft. CORA-2 is a complex socio-technicd system in which air traffic controllers will
depend on the new computer sysem to do their work. CORA-2 requirements were
expected to specify how controllers should work and interact with the software system as
well as how the software system shdl function, for example how to increase automated
support for controllers without deskilling them.

The CORA-2 team consgsted of one manager, 2 requirements engineers, 2 ar traffic
controllers who acted as domain experts, 1 human factors expert and 1 technical expert. It
applied the RESCUE process to establish the stakeholder requirements for the CORA-2
system. Prior to the workshops the team acquired 50 stakeholder requirements from
brainsorming and interview sessions.

Next, three one-day creativity workshops were held over a two-month period to
generate requirements and design ideas for CORA-2. Each workshop involved between
16 and 20 team members and dakeholders (managers, ar traffic controllers and
technology experts). The design of credtivity periods in each workshop was based on
edablished credtivity theories from cognitive and socid psychology and atificid
inteligence. The workshops were designed to encourage ideas based on the following
definition of creativity from cognitive psychology — “ the ability to produce work that is
both novel (i.e. original, unexpected) and appropriate (i.e. useful, adaptive
concerning task and constraints)” (Sternberg & Lubart 1995). The use of credtivity
theories selected from a wider review of the cretivity literature distinguished the CORA-2
workshops from other brainstorming processes.

2.1. Creativity theories applied to the wor kshops

We applied dements of Osborn’s Cregtive Problem Solving (CPS) model (saksen &
Dorva 1993) to structure each workshop. The mode proposes iterative divergence from
then convergence on idess to find objectives, facts and solutions. This well-established
cregtivity modd provided the framework for ordering workshop activities. We designed
each hdf-day period to support divergent activities to generate a large number of idess,
and convergent activities to reduce this number and concretize ideas. This contrasts with
the Structure of braingorming and the theoretical focus on RAD workshops on group
dynamics and consensus building (e.g. FHoyd 1989) rather than how to encourage credtive
thinking per s=

We applied exigting theories of creative processes (eg. Hadamard 1954, Poincare
1982) to facilitate divergence and convergence. Four processes are essentia to credtive
thinking: prepardion, incubation, illumination and verification. Incubation is needed to
handle complexity - during this reaxing period, people unconscioudy and conscioudy
combine ideas with a freedom that denies linear and rationa thought (Boden 1990). During
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the subsequent and shorter illuminaion phase, a credtive or innovative idea suddenly
emerges, often at the mogt unlikely time in the most unlikely place. This ‘eureka effect has
been widely reported in creetive problem solving. Crestive process theories were adopted
because their finer-grain processes enabled us to decompose divergence and convergence
in the CPS modd into sequentiad workshop activities. The ddiberate use of relaxed
incubation periods, during which participants listened to music or looked at pictures, was
another characteridtic that distinguished our workshops from brainstorming activities which
emphasize illumination.

The three workshops were dso designed to encourage different types of credtive
thinking — explorative, combinatorid and transformational (Boden 1990). The first
workshop was designed to encourage exploratory credtivity, in which people explore the
space of possble idess to create new ones. Although smilar to brainstorming, our
innovation was to encourage andogica reasoning — common in cregtive domains — to
generate new idess. Researchers have investigated andogical reasoning to support
requirements reuse (e.g. Massonet & van Lamsweerde 1997) and shown that people can
exploit andogies if helped to undergand them (Maiden & Sutcliffe 1992). Based on this
previous success, we encouraged the participants in the CORA-2 workshops to go further
and use knowledge transferred from the non-ATM domains to provoke crestive thinking
about requirements and high-level designsinthe ATM domain.

The lagt 2 workshops were designed to encourage combinatoria creetivity, which is the
cregtion of new ideas from a combination and synthess of existing ideas. Boden (1990)
dates that it is characterised by the improbability of the combination, or the surprise
encountered when such an unusua combination is presented. Most exigting techniques
decompose requirements to make them more precise and essier to understand. We
adopted combinatorid creativity in the 2 workshops to challenge these traditiona trends to
decompose and distinguish the workshops from other approaches.

The lagt 2 workshops were dso designed to encourage transformational credtivity.
During transformetiond cregtivity people change the solution space in away that things that
were considered impossible are now possible (Boden 1990), for example by chalenging
pre-conceived condraints and exploring new solutions to existing problems. During the
third workshop there was a deliberate attempt to understand and sometimes transform the
current congraints on the CORA-2 system by exploring elements of the solution space.

Figure 1 shows how the different credtivity theories were combined in the design of each
CORA-2 workshop. Stakeholders were guided to diverge from then converge on ideas
during half-day workshop periods divided into idea preparation, incubation, illumination
and verification processes, with different creativity techniques enabling idea incubation and
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illumination.

Figure 1. The basic structure of creative periods during a CORA-2 workshop

We did not adopt other established cretivity techniques such as cultura probes (Gaver
et d. 1999). On reason was that the CORA-2 workshops did not provide direct access to
the contraller's work environment, which undermined the use of the probes. In addition,
RESCUE required the workshops to produce an objective set of CORA-2 requirements
and design idess, in contrast to an impressonigtic account of beliefs and desires sought
using probes.

3. The creativity workshops

RESCUE did not mandate any models or requirements to be input into the first
workshop. After the first workshop the facilitators maintained a regular email didogue
between the workshops to encourage them to discuss requirements and idess. The
facilitators amed to create a distributed community.

One of the workshops most notable features was to invite experts from domains that
have smilarities (not dways obvioud!) to arcraft conflict resolution to talk about ther
domains and encourage different types of credtivity.

3.1 Exploratory creativity in thefirst workshop

To explore new ideas for conflict resolution we invited a textile expert and a musician to
talk about Indian textile design and the composition of modern music. Participants were
encouraged to form anaogies between these domains and ATM, then to generate new
ideas about conflict resolution using the andogicd dements in textile design and music.
These two analogies were carefully selected prior to the workshop based on domain
anadyses undertaken by the facilitators and examination of the Operational Concept of Use
document that had already been developed for CORA-2. In al 3 domains — CORA-2,
textile design and music composition, people work with tools to construct and test complex
solutions — conflict resolutions, textile patterns and pieces of music. We sdected textile
desgn to use different qudlities of textile patterns to trigger creative thinking about conflict
resolutions. We selected music composition to exploit how a musician composes and tests
apiece of mudic to trigger creative thinking about how an arr traffic controller generates and
tests conflict resolution Strategies.

To encourage incubation, experts presented and answered questions on their topics of
expertise. The am was to encourage participants to unconscioudy and conscioudly form
andogicd mappings such as those listed in Table 1. One facilitator then encouraged the
participants to externdize these andogicd mappings. Some andogica mappings were
obvious — the musical piece maps to the conflict resolution — whereas others are less s0 —
the style of the piece maps to the resolution strategy.

Page 4 of 13



ATM domain | Textiledomain | Muscdomain | Generdisation

Air traffic Textiledesgner | Musc A human agent seeking to achieve a

controller composer solution to a problem

Aircraft Textile design Composition | A problem state encountered by the

conflict problem problem human agent requiring the use of the
tool to resolve the problem

Conflict Textilepattern | Musicd piece | The solution to the problem

resolution

Resolution Styleor genre of | Musicd dyle | A reusable abdtraction that defines the

Srategy the textile pattern characteristics of the solution type and
discriminates it from other types.

Resolution Pettern features | Musical notes | Elements of the solution

details such as motif &

layout
CORA-2 Musica Thetool that is used by the human
system ingtrument agent to solve the problem

Table 1. Some analogical mappings between the ATM, textile and music domains.

The fadilitators then encouraged a period of illumination. During illumination, participants
used andogicd mappings to discover new CORA-2 requirements and ideass. The
facilitators encouraged participants to consider one mapping a atime, transfer attributes of
the mapped concept (e.g. the texture of afabric or the Sructure of amusica piece) into the
ATM domain, then to generate new CORA-2 requirements and ideas from these e ements.
Congder the following example from the first workshop. Participants reported that one of
the textile designs was elegant, in other words simple, beautiful and symmetrical. These
atributes were transferred to the ATM domain to generate the requirement for elegant
resolution strategies, that is srategies that are Smple (minimum manouevres) and give pride
to the controllers who implement them. In addition, the participants perceived eegance
differently. Again this attribute, subjective perception of degance by the human agent, was
transferred to the ATM domain to generate the requirement to accommodate different
controller styles during conflict resolution.

3.2 Combinatorial creativity in the second and third wor kshops

We encouraged combinatorial creetive thinking once many new ideas had been
generated. Head of tdent a toy manufacturer Lego provoked cregtive thinking by
randomly introducing items into conflict resolution scenarios. Participants were divided into
groups of 3, then asked to develop worst-case aircraft conflict scenarios. Every 10 minutes
each group was given a new object at random (e.g. atoy frog, par of binoculars, perfume
or torch) to include in the scenario. The results were unusua scenarios represented as
collages shown in Figure 2 and used during illuminetion to generate ideas about how
CORA-2 would handle these conflicts R




Figure 2. Aircraft conflict storyboards generated by the participants

We encouraged combinatorid creetivity during the third workshop by inviting afusion chef
to talk about combining unusud ingredients, share ingredients for tasting, and demondrate
fuson cooking with lunch that reflected different but complementing ingredients. During
illumination, the facilitators encouraged participants to investigate pairs of existing CORA-2
requirements and ideas to create new ones from unforeseen combinations and write them on
RESCUE idea cards. For example two origind ideas from the second workshop, that air
traffic controllers should maintain an accurate mental model of the air space, and that
CORA-2 snall offer new types of situational display to air traffic controllers, were
combined to generate the new requirement, that CORA-2 shall allow air traffic controllers
to re-wind and fast-forward aircraft movements to develop their mental models of the
air space before taking responsibilities for decisions that they will make In another
example, two ideas from the first and second workshops, that manufacturers equip
aircraft with the Airborne Separation Assistance System (ASAS), and that pilotsin the
cockpit have the same notion of conflict as do air traffic controllersin the tower, led to
theideathat air traffic controllers shall use data link to send information about and
hence the delegation of a resolution to the pilot.

3.3. Transformational creativity in the second and third workshops

The facilitators encouraged participants to change the CORA-2 solution space to make
ideas that were once conddered impossble possble. During incubation periods
participants listened to presentations from domain experts with closer associations to the
ATM domain. An information visudisation expert presented new solutions for diplaying
complex information at workstations, and a systems engineer explained how to adopt state-
of-the-art gpproaches to complex systems engineering. The participants then worked in
small groups with candidate solutions provided by the experts to generate new solutions.
Examples induded controller displays that were blank until conflicts were detected,
and tactile manipulation of aircraft on the display screens. Although not dl idess could
be implemented in CORA-2, their essence led participants to discover a large number of
lessradica requirements and designs, such as transferring knowledge on cockpit design
to the design of the controller working position.

34. Other creative activities

Each workshop darted with activities intended to establish an environment more
conducive to creative thinking:

Explaining why creativity is difficult, so that participants knew the chalenges that they
face;

Bdloons available, to encourage participants to play and interact;

Shouting sessions to remove inhibitions and promote teamwork, and music to relax;
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Lunchtime exercises, to encourage participants to see creetive thinking as
continuous.

We adso applied additiona techniques to support different crestive processes.

Explicitly having participants remove congtraints from idess, to open up the
candidate requirements space;

Using the explorer, artist, judge, and warrior roles to focus the participants on
different creative processes (van Oech 1986);

Paying each other’ s controller, pilot and manager roles, to generate ideas from
unencumbered perspectives,

Making al ideas visible to participants by posting ideas on cards,

Swapping ideas between groups to encourage combinatorial cregtivity.

In a fourth CORA-2 workshop participants selected and ranked ideas. Participants
ranked ideas as relevant to either CORA-2 system, its successor CORA-3 system, or
future (CORA+) as yet unspecified systems. Other categories such as valued, very valued
and very-very vaued were used to promote playfulness when exploring the idess.

4. The Effectiveness of the Workshops

The 3 workshops generated 201 new ideas for the CORA-2 system. Table 2 shows the
numbers of new ideas generated during each workshop. The low tota from the firgt
workshop was because the facilitators aso spent time discovering important constraints
and scoping CORA-2. The second workshop generated the mgjority of the ideas. The
third workshop produced fewer new ideas but a further 46 ideas were generated by
participants after the workshop.

Workshop Total Total Total of | Total of | Total of Ideas Ideas Ideas
numbe | number of | valued very very- relevant | relevant | relevant
r of constraints | ideas valued very to CORA- | to CORA- to
ideas ideas valued 2 3 CORA+
ideas
1° workshop 20 58 N/A N/A N/A N/A N/A N/A
2M workshop 115 0 20 12 5 N/A N/A N/A
3"workshop 18 0 3 6 5 11 3 1
4" workshop 46 0 5 24 7 44 2 0

Table 2. The total numbers of design ideas and constraints reported at each workshop,
the total number of valued, very valued and very-very valued ideas per workshop, and
their relevance to CORA-2, CORA-3 or future CORA+ systems.

A retrospective andysis by the authors of these 201 ideas reveded that only 54 could be
described as stakeholder requirements — desirable, solution-independent properties of the
future system. The remaining 147 encapsulated differing degrees of design and process
knowledge. Nonetheless, the 201 requirements and design ideas provided a basdline for
writing more precise use cases and generating more precise scenarios that, in turn, enabled
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more effective requirements acquisition and specification usng ART-SCENE Mavin &
Maiden 2003).

5. Key LessonsLearned

In this section we describe 7 problems encountered during the workshops and how
these problems can be overcome in future projects.

5.1. Analogical reasoning isrewarding but difficult —even with support

Problem: Workshop participants found it difficult to exploit the andogies. Participants
only generated 20 idess in the firg workshop. In hindsight this should not have been
surprising — studies from cognitive science revedled that andogical reasoning with unfamiliar
classes of domain was difficult without prior learning (eg. Gick & Holyoak 1983). What
was disgppointing was that our facilitation was not more successtul.

Solution: To encourage andogicd learning during incubation, explan andogies to
participants with smple analogical examples in an order during them to learn the important
underlying abgtractions, for example the generic compose-and-test process in music
composition and conflict resolution. Note that dl of this takes time, which leads on to the
next lesson.

5.2. [lluminating analogical ideastakestime

Problem: We designed longer time periods for idea incubation and shorter periods for
subsequent idea illumination. Illumination activities rardy lasted more than 30 minutes but
were hot long enough to illuminate alarge number of analogica idess.

Solution: Trest cregtive requirements engineering as alearning process, so alow time for
learning to take place. Desgn each workshop to last at least 2 days, and encourage
participants to incubate ideas both insde and outsde scheduled workshop times. Adopt
more flexible planning to respond to unanticipated new threads of crestive thinking that take
on a momentum of their own — this was often when the most effective cregtive thinking took
place. Avoid dynamic short-term exercises as they cut dynamic cregtive thinking short.
Ingtead, facilitators should be able to apply a range of credtivity tasks in response to
threads of crestive thinking. One option is to select tasks based on a categorization usng
van Oech’s (1986) creative roles or Boden's (1990) creative processes.

5.3. I nterleave creative processes mor e effectively

Problem Separdting exploratory, combinatoria and transformationd  credtivity
processes and techniques in different workshops left some ideas under-devel oped.

Solution:  Structure workshops around ideas rather than processes. Interleave

techniques for combinatorid and transformationd crestive thinking to explore single ideas
to their conclusion, marking spin-off ideas to be returned to later. Encourage participants to
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explore ideas depth-firgt until the idea is elther rgected or concrete requirements emerge.
Structure pending idess using visble idea ligs and frequent prioritizetion and re-
prioritization of established ideas as the set of ideas evolves.

Structuring workshops around ideas requires more flexible use of domain expertsto fulfill
different creativity roles. Other experts we conddered included fashion designers
(exploratory), DJs, cocktail bartenders, cartoonists (combinatoria), science writers and
graphic artists (transformationd). Build up a network of experts and categorize their
contributions in terms of domain knowledge to deliver and types of credtivity to support.
NATURE's problem domain categories (Sutcliffe & Maiden 1998) provides a faceted
classfication scheme of domain expertise that enables quick identification of experts.

54. Report back therationale behind ideas

Problem: Asideaincubation often defied linear thought, and idea generation was in small
groups, ideas and their rationale were sometimes logt to the wider requirements process.

Solution: Hold frequent report-back sessons across groups to €icit rationale and
communicate it to other participants. Have a scribe who is independent of the requirements
process to record idea rationae using argumentation techniques (Moran & Carroll 1996).

5.5. Allow peopleto let off steam

Problem Participants are not dways ready to be creative. They can bring problems,
political issues and other baggage that can inhibit creative thinking, as hgppened in the first
workshop.

Solution: Give participants one or more periods to let off steam before being creative —
it is only naturd that people need to vent their frustration when faced with change. This
happened, somewhat by accident, in our workshops. The first workshop gave people the
chance to let off steam, which helped the second one to produce more creetive
requirements and idess.

5.6. Plan, plan, plan the workshops

Problem: Scheduling creetive activities can be difficult, as it is hard to predict the
directions that creative processes will take. However, it is essentid to plan when experts
will be needed to ensure their participation.

Solution: A workshop that appears to participants over-planned is less likely to

encourage creativity. Instead workshops should gppear flexible, fluid and responsive.
Facilitators should have plans that can be invoked to handle most Stuations.
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5.7. Find a champion for the workshops

Problem: Setting up the workshop was a chalenge, as creativity workshops are not
chegp to run and the benefits to be gained from having the domain experts present were not
aways obvious.

Solution: Find people who will champion the workshops. We attribute the CORA-2
success to managers and stakeholders who did just this. The CORA-2 program manager
backed our unusud ideas, and the workshops themselves benefits from key stakeholders
who embraced and supported the cresative opportunities given to them.

6. Integrated Creativity Workshopsinto Structured Processes

Although the workshops ddlivered outputs that were useful to the CORA-2 project —the
resulting CORA-2 specification was reviewed, accepted and is currently being used to
provide a CORA-2 system prototype — we identified problems from which we drew
lessons that have been applied in subsequent workshops. One overriding chalenge is to
integrate creativity workshops into structured requirements processes that provide inputs
into the workshops and utilize outputs from them. In RESCUE we now run the creativity
workshops early in the requirements process, after the system boundaries are established
but before the key design concepts and use cases are specified. Inputs to each workshop
are context and use case models and informa use case précis that are later modified and
extended in light of workshop outcomes. Edtablishing fird-cut system services within
boundaries alows us maintain focus during the workshop and deliver more useful outputs.
These outputs — requirements and design ideas — then enable the team to model system
gods and write precise use case Specifications that, in turn, are used to acquire more
detailed requirements using ART-SCENE scenario walkthroughs (Mavin & Maiden 2003).

Our longer-term research am is to integrate further and embed crestivity techniques into
sructured requirements beyond workshops. To do this we will categorize exising
requirements techniques (e.g. use case analysis or functiond decomposition) according to
their support for different creative processes and techniques. However, current theories of
creativity from cognitive and socid psychology and artificid intelligence such as those cited
in this paper are insufficient. We needed to interpret and gpply them with care to design the
3 workshops. The software development community needs new and more applied
cregtivity models that will provide software engineers with the right facilitation skills and
guidelines for technique sdlection.

So how should we develop these applied creativity models? Our position is that these
new models must be informed by requirements artifacts and representations, such as use
case précis in text form and multi-media storyboards, which are used in sructured
requirements processes as important communication tools. To this end we are currently
developing applied models that will associate different artifact properties (e.g. interactive
scenario) with creative processes (exploratory) and techniques that these properties
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support €.g. random idea generation with what-if questions), in the presence of
assumptions about the cregtive activities and environment. We anticipate that such an
applied modd will prescribe cregtive activities within structured requirements processes,
using exigting cognitive and psychology models (eg. Boden 1990) to describe and explain
the cregtive processes. At a more fine-grain leve it will dso hep creativity workshop
facilitators to choose the right techniques to support and interleave creativity processes.

We hope that the reported experience and lessons guide readers to make their own
requirement activities more cregtive. We have exploited these lessons learned both to run
more creativity workshops (eg. Penndl & Maden 2003) and design tutorids and
workshops to help others do the same.
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