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& tools 

The Group Elicitation Method 
for Participatory Design 
and Usability Testing

TThis article presents the Group Elicitation Method (GEM), a

brainstorming technique augmented by a decision support sys-

tem for participatory design and usability testing. GEM has been

successfully used in four industrial projects to elicit knowledge

from users, management, and designers. In three cases GEM

was used to elicit end-users’ knowledge for the design of new

user interfaces and complex human–machine systems. The

properties of this method and the lessons learned are discussed. 
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(e.g., productivity, aesthetics, quality of
work product, quality of work life, and
safety issues)? 

✓ How about doing the work this way
(naive or provocative suggestions)? 

✓ What constraints do you foresee (prag-
matic investigation of the work envi-
ronment)?

• Phase 2: Generation of viewpoints. A
viewpoint is a situated statement provided
by a participant. A premise of this phase, a
written brainstorming technique also
known as brainwriting2, was introduced by
Warfield [13] to facilitate the generation of
ideas and was further developed by Boy [3,
4]. Brainwriting process usually involves
passing around sheets that are incremental-
ly filled in by the participants. Each partic-
ipant writes either a new viewpoint or
reacts to viewpoints already written by
another participant. For seven participants
this phase usually takes 1 hour.

• Phase 3: Reformulation of viewpoints into
more elaborate concepts. This phase may
take between 1 and 2 hours. It involves
four types of operations that correspond
to the concept-clustering mechanisms that
were described and used in Fisher’s COB-
WEB system [5]: 
✓ Classifying the viewpoint in terms of

an existing concept (a class of view-
points), 

✓ Creating a new concept, 
✓ Combining two concepts into a single

concept, and 
✓ Dividing a concept into several concepts.

• Phase 4: Generation of relationships
between these concepts. Each participant

Introduction
In industrial environments, several experts
may work together to investigate appropriate
solutions for a design or usability issue. A crit-
ical problem is to derive an acceptable consen-
sus1 from a group of experts who share neither
the same background nor the same objectives.
It is not uncommon to find that experts do not
understand each other. Strong personalities
may dominate a meeting even if they do not
contribute much to content. In addition,
power differences exist between management
and labor. It often follows that group decision
making is not always democratic. 

The Group Elicitation Method (GEM)
was designed to moderate these effects. Six to
10 domain experts (users, managers, and
designers) are selected to participate in a ses-
sion using the GEM process. Experience sug-
gests that the optimal number of participants
for a productive session in a reasonable time
frame is seven. 

A typical GEM session takes a full day and
consists of six phases conducted by a knowl-
edge elicitation facilitator: 
• Phase 1: Formulation of issue statements

and selection of participants. We found
that the type of checklist proposed by
Nielsen et al. [9] for semistructured inter-
views was a good starting point for formu-
lating issue statements. GEM currently uses
the following checklist as a starting point: 
✓ What is the goal of the engineered sys-

tem that we plan to design or evaluate? 
✓ How is the system or its equivalent

being used (current practice, observed
human errors)? 

✓ How would you use this system (users’
requirements)? 

✓ What do you expect will happen if the
corresponding design is implemented
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1 A consensus connotes general agreement.  In this article, by consensus I mean the measure of the extent of consensus that is represent-
ed by the sum of the triangular matrices generated by each participant. See footnote 3 for a definition of “triangular matrix.”

2 The brainwriting technique was introduced more than two decades ago to facilitate the generation of ideas or viewpoints by a group of
people [13]. Brainwriting can be used to stimulate a group of experts with the goal of silently expressing their expertise on a precise issue
[3]. It enables a group of experts to construct a written shared memory. A person takes a sheet of paper and reads the issue to be investi-
gated. She then adds several viewpoints and puts the paper back on the table, where the set of papers constitutes a shared memory of the
meeting. The process of choosing a piece of paper, reading, writing viewpoints, and replacing the paper on the table is continued until
each person has seen and filled in all the papers. Thus, each person is continually confronted with the viewpoints of the others and can
react by offering a critique or new viewpoints. Generally, a considerable number of viewpoints can be collected with this procedure.
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is asked to provide opinions on the rela-
tive priorities of these concepts. He fills
out a triangular matrix3 presenting the
concepts in rows and columns. Basically,
each matrix “box” is filled by a score that
can be +1 / 0 / -1 if the row concept is
more / equally / less important than the
column concept. This phase takes about
30 minutes. 

• Phase 5: Derivation of a consensus. A
consensus is derived using an interactive
computer program. The global score
matrix is the sum of all the matrices gen-
erated by all participants. To each global
score is attached a standard deviation
measuring the interparticipant consistency
of the global score of the relationship.
This phase leads to the expression of a
consensus among the participants, which
is expressed using four typical parameters:
mean priority, interparticipant consisten-
cy, mean priority deviation (stability of a

concept), and global consensus.4

• Phase 6: Critical analysis of the
results. We observed that a critical
analysis of the generated concept
network is constructive and rein-
forces the consensus. Experience
shows that this phase may take
between 30 minutes and 1 hour.
At the end of the session, a report
is prepared by the knowledge elici-
tation facilitator. 

GEM Properties and Lessons Learned
Discussion of the validity of GEM is based
on 24 sessions involving an average of
seven participants per test. The sessions
were conducted with experts from a wide
range of aeronautics-related domains.
During the last six sessions, the partic-
ipants completed a questionnaire that
included the following questions.

3 A triangular matrix expresses the fact that relationships of priority between concepts are symmetrical, that is, participants need to fill in
only the upper triangular part of the priority matrix. In practice, each participant is asked to provide his opinion on the relative priorities
of these concepts. He fills out a triangular matrix presenting the concepts in rows and columns. Basically, each matrix “box” contains a
score. For example, the participant starts at Row 1, Box 2; if Concept 1 is more / equally / less important than Concept 2, he writes +1 /
0 / -1 in the corresponding box, and so on (see Table 1).

Table 1. Example of a Priority Matrix Generated by a Participant

2 3 4 5 6 7 8 9 10 11 12 13 14
1 -1 -1 -1 -1 0 -1 -1 -1 0 0 -1 0 0
2 -1 -1 -1 -1 -1 -1 -1 0 0 -1 -1 0
3 1 0 1 0 1 1 1 1 1 0 1
4 -1 1 -1 0 -1 1 0 -1 -1 0
5 1 0 1 0 1 1 0 0 1
6 -1 -1 -1 0 0 -1 -1 0
7 1 0 1 1 0 0 1
8 -1 1 1 -1 0 1
9 1 1 0 1 1
10 0 -1 -1 0
11 -1 -1 0
12 1 1
13 0

4 The mean priority (MP) of a concept corresponds to the mean of the scores assigned to a concept with respect to the other concepts
for all the participants. The value range of the mean priority is the interval  [-100, +100]. This enables the distinction of the “positive”
concepts and the “negative” concepts. For instance, if all participants provide the score +1 for a concept compared wit all the other
concepts, the mean priority of this concept is +100.
The interparticipant consistency (C) of a concept corresponds to the mean of the standard deviations of all global scores. It is related to a
consensus on the selection of subjective criteria. It conveys a degree of confidence in the MP with respect to the set of participants.
The mean priority deviation or stability of a concept (D) corresponds to the standard deviation of the mean priority with respect to the
global scores of a concept. This parameter is useful to better characterize the priority concepts. In fact, the smaller the value of D, the
more stable the group judgment
The global consensus (GC) expresses a global score of the group consensus on the investigated issue. This parameter is useful for com-
paring several groups.
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Q1 What did GEM bring to you?
Q2 Could you compare GEM to other

knowledge elicitation methods 
(interviews, questionnaires, field studies,
classical engineering analysis)?

Q3 What are the positive attributes of GEM
(e.g., rapidity, creativity, efficiency, 
productivity, formal aspect, cooperative
aspect)?

Q4 What are the negative attributes of GEM
(e.g., brainwriting procedure, influence of
the knowledge elicitation facilitator, non
transparency of consensus calculations,
shallow knowledge elicited)?

Q5 What do you find useful and unique
about GEM?

Q6 In which kind of task would you recom-
mend the use of GEM (e.g., requirement
gathering, design, development, train-
ing, maintenance, marketing)?

Q7 Which phase of GEM would you like to
see improved?

Q8 What should the knowledge elicitation
facilitator know prior to the session
(e.g., domain, task, problem, GEM)?

Q9 If this method was chosen by your orga-
nization, would you recommend train-
ing a knowledge elicitation facilitator to
use it?

Q10Would you reuse GEM by yourself as a
knowledge elicitation facilitator?

Q11Would you advertise this method to your
colleagues?

Q12Do you think that an extended comput-
er-supported GEM would improve the
current paper-supported GEM? Why?

The answers to these questions revealed
GEM’s main advantages and flaws. We discuss
these results in terms of four dimensions:
• Design as collaborative writing,
• Analytical and learning process,
• GEM as a semiformal mediating decision

support, and
• The social construction of knowledge [1].

Design as Collaborative Writing
Writing has several advantages and drawbacks.
Participants involved in a GEM session wrote
short casual statements that usually included

viewpoints that were stronger than if they had
given the same information orally. Generated
viewpoints are more or less specific episodes
that can be subsequently endorsed or contra-
dicted.

Sometimes problems occur because people
cannot understand each other’s handwriting.
Participants may also interpret other partici-
pants’ arguments incorrectly. However, this
kind of flaw is eventually corrected during the
reformulation phase (Phase 3). By trying to
understand one another’s terminology and
conceptual analyses, participants incremental-
ly construct and agree on an ontology of the
domain. As the GEM progresses, participants
start to write for others instead of writing for
themselves by adapting their own language to
what they have just read. This is called empa-
thy [10]—that is, participants need to under-
stand the needs and abilities of others if they
want to communicate. The difference
between talking and writing lies in the fact
that participants have more time and oppor-
tunity to express their viewpoints in an undis-
turbed atmosphere. The properties described
in this section are strongly supported by the
answers of the participants to Questions 1, 4,
and 7.

Analytical and Learning Process
During the viewpoint generation phase (Phase
2), by reading others’ statements each partici-
pant allows his attention to be focused on the
precise details of the argument. This read-
and-write dialogue also involves both event-
driven reactive behavior and reflective–
deliberative behavior. In any case, reading
leads to cognitive processes of interpretation,
understanding, and reformulation, which are
typical analytical processes. Positive reinforce-
ment contributes to the validity of the view-
point. A negative statement or refutation
provides an alternative view. This alternative
view is usually due to either a different back-
ground (the interpretation is different because
the participant does not have the same knowl-
edge as the originator of the initial viewpoint)
or a different perspective (even if the current
participant has the same knowledge as the
viewpoint generator, she does not have the
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same information). This result is supported by
the answers to Questions 2 and 3. In particu-
lar, 76 percent of the answers to Question 3
support the cooperative aspect of GEM.

In this context, it is possible to talk about a
logic of discovery. The indeterminate nature
of the result of interactions among the partic-
ipants as rational agents (ratification effect)
creates a situation of investigation and con-
frontation of knowledge. By read-
ing one another’s statements and,
in the later phases of GEM, by
visualizing conceptual structures
that the group generates, partici-
pants re-examine their own
own   knowledge.   The result
resulting  effect is a crucial added
value of GEM: participants learn
from one another and subse-
quently are more motivated to
accept the result. This was observed
in each GEM session that
we carried out and was
confirmed by the answers
to Question 5. In the
beginning, most partici-
pants were skeptical about
the use of GEM because
they thought that they
could not reach agreement. GEM not
only provided a consensus derived according
to normative parameters, but also an indis-
putable written agreement. All groups were
very motivated and enthusiastic after each
GEM session, as indicated in answers to
Questions 10 and 11. Team building is a
meeting activity that we found to be impor-
tant in multiexpert knowledge acquisition; it
further guarantees the social recognition of
elicited knowledge (as supported by answers
to Question 1).

GEM as a Group Knowledge 
Design Process
Visual feedback enables participants to per-
ceive explicitly the course of the knowledge
design process. Participants see viewpoint gen-
eration as a sequential process, that is, they
generate their own viewpoints and react to
one another’s viewpoints using the sequential-

ity of writing. Viewpoint generation is also a
parallel process, because all participants gener-
ate viewpoints at the same time (reducing elic-
itation time). The difference between a
regular meeting and this phase is that partici-
pants discuss viewpoints that are already
explicitly expressed. The ontology of the
domain that is explored has been cognitively
constructed by reading and writing. This is

significantly different from verbal
expression of the same viewpoints;
verbal expression is usually
ephemeral.

GEM is based on social interac-
tions mediated by an incrementally

constructed shared memory and a
measure of consensus (from answers

to Questions 5 and 12). During
the viewpoint generation phase,
participants are collaboratively
involved in a creative activity
using written forms that are pro-
gressively filled in. During the
reformulation phase, they cluster
the viewpoints into concepts that

are compared during the relationship gen-
eration phase (Phase 4). GEM can be seen

as a decision-making process among gener-
ated concepts. Generated concepts are ade-
quate solutions that are accepted by the

participants. Consensus ratings are computed
and can be used as mediating devices because
they embody relative trends in the consensus
to guide designers and evaluators in their final
decision-making process.

Some of the answers to Question 4 point-
ed out that participants may introduce incon-
sistencies during the generation of
relationships among concepts. This sort of
problem usually results when participants do
not have the same priority attributes in mind
when they compare two concepts and then
two others. Experience shows that the number
of generated inconsistencies is usually small
and that GEM sessions tend to converge
toward satisfactory results, that is, results that
are globally accepted by the participants dur-
ing Phase 6 of GEM. Inconsistency checking
can be extremely useful in measuring the
validity of the results.
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Social Construction of Knowledge
As Winograd and Flores [14] noted, the ratio-
nalistic view of cognition is centered on the
individual. In contrast, GEM allows several
viewpoints on a given issue to be generated,
cross-referenced, and refined. These view-
points are incrementally reformulated and
structured into concepts, which are socially
constructed as written objects seen from dif-
ferent viewpoints. They can be used either as
a basis for argument or taken for granted. 

GEM differs from personal construct theo-
ry methods [6] that resulted in the incorpora-
tion of repertory grids as a major elicitation
technique [2, 11]. Although GEM recognizes
Kelly’s dichotomy corollary that “[a] person’s
construction system is composed of a finite
number of dichotomous constructs” [11],
GEM tries to represent the hierarchical struc-
ture of Kelly’s organization corollary that
“[e]ach person characteristically evolves, for
his convenience of anticipating events, a con-
struction system embracing ordinal relation-
ships between constructs.” Unlike repertory
grid methods, GEM does not attempt to char-
acterize ordinal relationship types (internal
attributes). Instead, each priority matrix rep-
resents a set of personal relationships (external
attributes that need to be further determined
by eliciting relevant attributes of each partici-
pant). In other words, instead of asking one
participant to elicit explicit distinctions
between concepts (internal attributes as
semantic descriptors), GEM attempts to elicit
individual ordinal relationships. These rela-
tionships may be typed by an examination of
participants’ profiles (external attributes as
viewpoints or pragmatic context), which is
usually made during Phase 6.

We elicited several criteria that were used
for such a construction of knowledge during
the reformulation phase: 
• Simplicity. For comprehensibility, if the

expression of a concept is too complex, it
must be split into several simpler con-
cepts. The simplicity of a concept is usual-
ly a function of the number of viewpoints
that generated it. 

• Interest. The interest of the participants in
a concept is provided by the number of

positive reinforcements of its various view-
points. It may be considered also to be
inversely proportional to the number of
its strongly contradicted viewpoints. 

• Robustness. The robustness of a concept
is a measure of how much the participants
support it. This, in turn, depends on the
robustness of the initial viewpoints and
backgrounds of the participants. 

• Corroboration. By corroboration, we
mean validation by exterior knowledge
that is provided during reformulation dis-
cussions. We consider a concept corrobo-
rated if other concepts reinforce its
constituting viewpoints.

GEM is both creative and normative, as
supported by answers to Question 1. It is cre-
ative in that it enables the participants to gen-
erate new ideas that would not be possible to
capture using a questionnaire. It is normative
because of the consensus process generated. In
particular, the normative aspect of GEM orig-
inates in the integration of a voting mecha-
nism (generation of relationships between
concepts), a concept clustering technique for
reformulating viewpoints as concepts, a con-
sensus formula based on priority matrices, and
priority parameters that provide guidance in
the elicitation and decision-making process.
On the basis of the answers to Questions 8, 9,
and 10 and our own experience, a good
knowledge elicitation facilitator must have
implemented GEM a few times in order to
reasonably grasp the technique.

Conclusion
This article presented the Group Elicitation
Method (GEM), which takes into account
various viewpoints of a group of potential
users. It has been extensively used for user
interface design and evaluation. GEM facili-
tates the gathering of people with diverse
backgrounds. Compared with other methods,
such as structured or prompted interviews,
card sorting, or Twenty Questions [12], GEM
integrates group meeting properties, analytical
benefits of writing, and computer-supported
decision-making guidance [8]. A GEM ses-
sion typically takes no more than a full day.
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This is a great advantage because results can
be assessed directly, and expert end users are
extremely difficult to convene for design or
evaluation purposes.

As a decision support tool, GEM can be
used for design as well as for evaluation.
Although we have used GEM to
design new systems, we have
observed that it would be useful
for evaluating existing systems
and suggesting alternatives.

We have observed that
GEM is a method that relies on
the skills and the expertise of a
knowledge elicitation facilitator
during the reformulation phase. In
other words, one must learn to use it
before applying it to complex cases. As
part of this process, a checklist is developed
that states the issue to be investigated. Four
types of operations are provided to guide the
reformulation of viewpoints into concepts.
GEM currently uses a minimal set of comput-
er programs that help the knowledge elicita-
tion facilitator to suggest directions in the
knowledge design process. Charts and tables
showing derived concepts using typical para-
meters such as mean priority, interparticipant

consistency, stability of a concept, and global
consensus provide relative trends and a basis
for problem solving and decision making.

A question that arises from these sessions
concerns full computerization of the method.
The extended computer-supported GEM con-

stitutes a full group-support system
(GSS). McLeod [7] defines a GSS as an

“interactive computer-based
system that combines com-

munication, computer and
decision technologies to support

problem formulation and solu-
tions in group meetings.” GEM

uses decision technology to sup-
port formulation of problems and

solutions in a brainwriting meeting
environment. We have already

developed a system that meets all these
requirements. We found that industrial partici-
pants still prefer to write on paper using a pen
and to have the knowledge elicitation facilitator
write on a whiteboard and interact with them
directly. The aim of our current research is to
investigate new computer tools that will inte-
grate these requirements, in particular the
impression of the physical presence of the other
participants and the facilitator.
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