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Existing software and procedures for General Morphological Analysis (GMA) are primarily designed for
synchronous face-to-face meetings. However, virtual teams and telework are on the rise. Against this
background, we analyze current approaches and IT support to identify aspects that need to be reconsidered
when GMA is applied in a distributed setting. In cooperation with a German non-profit cultural organization, we
have developed browser-based collaborative GMA software that provides multi-user support. This paper presents
what we have learned from the development process and the results from two empirical studies on the usability
and learnability of the developed software. Based on observations and user feedback from the empirical studies,

we conclude that the developed software is a useful IT artefact; more research is needed, however, to investigate
the implications of distributed team settings for the application and facilitation of GMA.

1. Introduction

Many real-world decision-making problems are “wicked problems”
(Rittel and Webber, 1973). One key characteristic of wicked problems is
that no single computational formulation of the problem at hand is
sufficient to integrate all of the different points of view of its
stakeholders (Introne et al., 2013). As a result, hard operations research
(OR) methods which require an adequate, straightforward mathema-
tical formulation of the problem (e.g. linear optimization or simulation)
may be of help, but are not sufficient to tackle wicked problems
holistically. Wicked problems do not have right or wrong solutions
(Conklin, 2006; Rittel and Webber, 1973): rather, solution candidates
may be considered better or worse from different points of view
(Schoder et al., 2014). Thus, soft OR methods have been proposed as
an alternative. Whereas the purpose of hard OR techniques is optimal or
near-optimal problem solving, the key objective of soft OR approaches is
problem structuring. Various problem structuring methods (PSMs) have
been proposed in the literature, among them General Morphological
Analysis (GMA) (Ritchey, 2006, 2011; Zwicky, 1971). GMA has been
applied in various domains such as policy planning, strategic foresight
and idea generation. The core objective of GMA is to promote shared
understanding among stakeholders.

Since hard OR approaches build strongly on mathematical methods,
early on a strong argument had been proposed to leverage the
computational resources of information technology (i.e. software and
hardware) to apply them efficiently. In the case of soft OR, the benefits
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of using information technology are not as obvious. However, Schoder
et al. (2014) contend that there is “a significant lack of appropriate
information systems (and functionality) that contribute to addressing
wicked problems successfully”. They call for more research on and
development of information systems for tackling wicked problems. The
authors envision information systems which provide appropriate func-
tionality to harness collective intelligence.

For GMA, various examples of these types of information systems
such as MA/Carma (Ritchey, 2016) or Parmenides EIDOS (Parmenides,
2016) have been developed. GMA involves iterative cycles of analysis
(or: problem decomposition) and synthesis steps to create a shared
morphological model (Ritchey, 2011). First, during analysis, the initial
problem is decomposed into key parameters. Then, possible values for
each parameter are generated. The parameters and associated values
define the formal solution space and are represented in a so-called
Zwicky Box (i.e. a morphological field or morphospace). Solutions to
the initial problem can then be generated by combining different partial
solutions. In practice, many configurations are not viable for various
reasons (e.g. logical or physical constraints). To take viability into
account and reduce the combinatorial explosion, GMA software fea-
tures pairwise cross-consistency assessment of parameter values (CCA)
for the semi-automated synthesis and interactive visualizations of the
solution space (e.g. Ritchey, 2006). Thus, dedicated software provides
substantial benefits over manual GMA.

Today, knowledge workers facing wicked problems are increasingly
engaged in distributed work practices: telework and (heterogeneous)
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virtual teams are on the rise (Ferrazzi, 2014). Distributed work involves
collaboration across “locational, temporal and relational boundaries to
accomplish an interdependent task” (Martins et al., 2004). In virtual
teams, communication and shared understanding tend to be difficult to
achieve for various reasons such as demographic differences or having
different information, assumptions and preferences due to geographical
dispersion (Durnell Cramton and Hinds, 2004). However, shared
mental models of the task environment among team members have
been shown to improve team performance (van den Bossche et al.,
2011). Therefore, problem structuring plays a key role for effective
collaboration both in collocated as well as virtual teams.

The development of the current generation of GMA software started
in the 90s when internet-based communication tools such as the
worldwide web or e-mail were still in their infancy and, consequently,
telework was not as prevalent as it is today. As a result, GMA software
packages typically provide a single-user interface since they have been
primarily designed for face-to-face workshops during which a facilitator
and/or recorder operates the software to capture the group discussion
and results.

In this research we partnered with the Goethe Institute (GI), a
German non-profit association operating worldwide. From February
until May 2015, GI has offered a free, public Massive Open Online
Course (MOOC) open to interested individuals worldwide. Many
participants worked in teams as desired by the course organizers.
During one of their MOOC assignments, the collocated participants
were introduced to GMA for scenario and strategy development.
Unfortunately, many participants had difficulties to apply GMA in a
distributed, collaborative setting. As a result, in August 2015, GI
approached the authors to develop an IT artefact that would support
participants of the upcoming 2016 edition of the “Managing the Arts”
MOOC and address the issues they observed in the first run. After
reflecting on their experience throughout the pilot run and discussing
potential adjustments to the course, the course organizers concluded
that GMA remains to be the method of choice for the group problem
solving exercises. However, GI was looking for new ways to facilitate
the application of GMA in future instances of the course.

1.1. Research objective

The general objective of this research is to investigate how GMA can
be applied efficiently and effectively in distributed settings. More
specifically, the aim of our work is two-fold. First, GI approached the
researchers to address its specific real world problem concerning the
use of GMA as a problem-structuring method in a large-scale, distrib-
uted online setting. Second, we want do derive generalizable design
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knowledge on how to make GMA more feasible in other distributed
work contexts.

Since available GMA software lacks functionality required for
distributed group work such as multi-user support, we have developed
a collaborative, web-based GMA software which supports both syn-
chronous as well as asynchronous group work to account for use cases
where face-to-face meetings are not feasible (e.g. because of prohibitive
costs or scheduling issues). We propose an artefact-oriented reference
process model for collaborative GMA which aims to address common
pitfalls in group work and inform our current software design.

1.2. Research approach

We followed an Action Design Research (ADR) approach as
described by Sein et al. (2011). Design research seeks to develop
prescriptive design knowledge of IT artefacts intended to solve a certain
class of problems (Sein et al., 2011). In contrast to traditional design
research approaches which propose stage-gate models and separate
evaluation from building, the underlying premise of ADR is that IT
artefacts are shaped by the organizational context during development
and use. Sein et al. (2011) propose four stages to go through when
conducting an ADR project Fig. 1:

1. Problem Formulation (see Section 2)
Identification and formulation of a problem perceived in practice or
anticipated by researchers (see Section 1).

2. Building, Intervention, and Evaluation (see Sections 5 and 6)
In close cooperation with practitioners, the IT artefact is designed,
developed and refined during one or more cycles of building,
intervention and evaluation (BIE). According to IT-dominant BIE
as proposed by Sein et al., lightweight interventions in the form of
emerging, early “alpha” versions are developed first, instantiated in
a limited organizational context and subjected to the assumptions,
expectations, and knowledge of the practitioners. Then, building on
the insights from these initial interactions, a more mature “beta”
version of the artefact is put into a wider organizational context.

3. Reflection and Learning (see Sections 3 and 4)
This stage is continuous and parallel to the first two stages.
Researchers are encouraged to reflect on the particular solution
design and identify learnings to the broader class of problems.

4. Formalization of Learning (see Sections 7 and 8)
The objective of the final stage is to formalize the learning and
builds on the reflection and learning activities throughout the ADR
process. Insights and artefacts are then extended to a broader class
of problems and solutions.

MOOC 2016 Lab Experiment
Stakeholder BIE Cycles el TlA) (BepdsSEu30)
ReSearCherS Problem assessment, Prototype v2 (added real- Prototype v3 (added
literature review, MA tool time collaboration, PDF repositioning, merging,
survey, prototype v1 export, integration with chat, saving specific
(browser based MA) MOOC platform) configurations)
MOOC staff
Walk through,
feedback and
change requests
Learners

I

08/2015-05/2016

05/2016-09/2016

I I

09/2016- 10/2016

Fig. 1. An overview of the three BIE cycles performed during this research project.
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Fig. 2. Two examples of submissions from MOOC participants in 2015.

We performed three BIE iterations. Our building activities followed
an agile approach, i.e. prototyping included frequent interactions with
GI staff to capture evolving requirements based on the incremental
changes to the software prototype. In this way, we ensured the validity
of the system requirements and aimed for completeness of the require-
ments (in the context of the MOOC). In the first cycle, a basic alpha
prototype was developed, demonstrated and discussed. Subsequently,
the prototype was developed further during the second BIE cycle and
put in production for the 2016 edition of the MOOC. Based on the
observations of the MOOC staff and the authors, as well as feedback
from participants, another BIE cycle was started to refine the prototype.
In the present paper, we present the result of the third BIE iteration (i.e.
revised requirements, version 3 of the prototype and results from a lab
experiment that investigated the usability of the prototype).

2. Problem formulation
2.1. Research partner

The mission of the GI is to promote cultural exchange, international
relations and the study of the German language abroad. Within its
cultural education program, GI offered a free, public 14-week Massive
Open Online Course (MOOQC) titled “Managing the Arts” from February
until May 2015. This MOOC was aimed at cultural managers and
individuals interested in cultural work. More than 17,000 participants
from 176 countries registered for the pilot course in 2015. During six
assignment cycles, participants learned about theoretical foundations of
cultural management and developed marketing strategies for one of the
four partnering art institutions. Participants were strongly encouraged
to collaborate with each other, share their experiences and create a
community of knowledge using the provided online platform. A limited
number of participants had the opportunity to receive a certificate of
completion upon finishing the course. These participants were assigned
to small groups. The remaining participants were encouraged to form
teams on their own (but were not required to do so). Within one of their
case study assignments, participants were asked to develop scenarios
and respective strategies for a particular art institution. Both scenario
analysis and strategy development can be understood as wicked
problems, since they exhibit several of the corresponding characteristics
such as multiple stakeholders, potentially conflicting objectives and
multidimensionality. Thus, students were introduced to the concept of
wicked problems. Among various alternative approaches to structure
wicked problems, the course organizers determined GMA as the method
of choice within the course. Participants received materials introducing
GMA and were asked to apply GMA to structure their scenario
development process and outcome. However, many teams had difficul-
ties in applying the technique.

2.2. Formulation of the real-world problem

Due to the great popularity and success of the pilot course, GI

decided to run a revised version of the course in 2016. GI acknowledged
that GMA is an appropriate and useful technique within the course.
However, several issues occurred during the first run of the MOOC
which can be divided into three categories: (1) logistical difficulties, (2)
methodological difficulties, and (3) social loafing.

2.2.1. Logistical difficulties

Since there was no dedicated GMA software available to the
participants, they resorted to different general purpose software. For
instance, some teams have used offline spreadsheet software to docu-
ment their morphological box and exchanged files via e-mail (e.g. see
Fig. 2 on the left). Others created tables using web-based collaborative
word processors. Since participants differed in the IT infrastructure that
was available to them, they had to expend significant effort to
coordinate their teamwork. In addition, group mentors had difficulties
reviewing submissions because of the different file formats and
formatting.

2.2.2. Methodological difficulties

Participants had difficulties in the synthesis stage because of the
lack of dedicated GMA software. They relied on a manual, intuitive
approach to develop scenario configurations (Fig. 2 on the right). Due
to the combinatorial explosion of possible configurations, systematic
and comprehensive synthesis was not feasible. Consequently, partici-
pants were not as confident with the scenario alternatives they derived
as they would have been had they been able to examine the entire
scenario space. In addition, general purpose software seemed to
promote modelling errors and misconceptions of crucial aspects of
GMA because of the high degree of freedom it provides (e.g. in terms of
formatting) and the large effort required for subsequent model changes.

2.2.3. Social loafing

A number of participants complained that some team members put
significantly less effort into the teamwork causing dissatisfaction among
fellow team members. In social psychology, this phenomenon is termed
“social loafing” and has been studied extensively. Social loafing tends to
negatively impact group performance and should therefore be miti-
gated.

2.3. Generalizing the problem

The problem situation encountered by GI represents an important
class of problems that arise when distributed teams want to use GMA to
tackle a multi-dimensional, wicked problem. To date, GMA research
and practice have primarily focused on using GMA in face-to-face
meetings. However, geographical distribution and increased use of
technology present new challenges for group work. While the key tenets
of classical GMA can be transferred to distributed collaboration
scenarios, two major aspects of GMA need to be reconsidered: facilita-
tion and software support. For instance, in synchronous face-to-face
meetings, a facilitator can typically directly intervene in the group
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Fig. 3. MA/Carma provides an interactive what-if inference model.
(Source: Ritchey, 2016).

process and manage group dynamics. However, in virtual teams the
group interaction is mediated via technology and might perhaps be
asynchronous, making it considerably more difficult for a facilitator to
stimulate active listening and co-construction of meaning, or to manage
constructive conflict. Another obstacle for the efficient use of GMA in
distributed settings is the lack of GMA software that provides multi-user
support.

In this research project, we primarily address the lack of adequate
software support for (distributed) collaborative GMA and present a
starting point for a broader discussion of implications on the GMA
process and its facilitation in distributed teamwork.

3. Related work
3.1. Software for morphological problem structuring

Various software packages for morphological problem structuring
have been developed. Conventional software packages providing
morphological problem structuring functionality such as MA/Carma,
Parmenides EIDOS' Option Development, ACTIFELD (Coyle, 2004),
MEMIC (Arnold et al., 2017) or MORPHOL (Bourse and Godet, 2016)
are designed for face-to-face meetings. While all of these packages
facilitate morphological problem structuring, each of them constitutes a
different derivative of Fritz Zwicky's original approach to GMA
(Zwicky, 1969). For instance, MORPHOL is part of a larger toolbox
Godet et al. developed to support their relatively sophisticated foresight
approach la prospective (Godet, 2006). As one of several different
modules, Parmenides EIDOS provides a morphological problem struc-
turing component termed “Option Development” which is primarily
targeted at supporting scenario development. By contrast, besides
scenario development, MA/Carma is targeted at a broader scope of
wicked problems and adheres most closely to the principles Zwicky laid
down (Voros, 2009). Except for MA/Carma and Parmenides EIDOS, the
other software packages seem to have been discontinued.

Building on previous work such as MORPHOL, Bourse and Godet
recently developed a web-based “Scenaring Tools” software suite.
While Scenaring Tools can be used without charge, their use compels
users to adhere to the sophisticated la prospective approach pioneered
by Godet et al. The feature-rich interface and process involves a
relatively steep learning curve (considered too steep for the inexper-
ienced MOOC participants). In addition, Scenaring Tools do not feature

real-time, multi-user collaboration. Another web-based GMA software
is being developed under the name “Fibonacci MA” (FMA) (Childs and
Garvey, 2015). While FMA is largely based on GMA, similar to
Scenaring Tools, it does not provide real-time, multi-user collaboration.

All of the above-mentioned software packages differ to some extent
in their functionality but still provide substantial support for synchro-
nous, face-to-face GMA processes. Besides historical, technological
issues, a major reason why GMA software has traditionally focused
on synchronous face-to-face meetings is that its creators acknowledge
the importance of professional facilitation and group dynamics. After
all, GMA is a soft OR technique that emphasizes stakeholders over
technology. Therefore, this research does not aim to replace dedicated
face-to-face GMA software but rather complement it for distributed use
cases to allow adoption of GMA when face-to-face meetings are not
feasible. However, not only technical issues such as multi-user support
are important to consider when designing GMA software virtual teams
but methodical aspects (e.g. facilitation, process adherence and group
dynamics) should be considered as well if GMA is to be conducted
effectively in virtual teams (Zec et al., 2015).

3.2. Process steps and key artefacts of computer-aided morphological
analysis

Common to all variants of GMA is their artefact-orientation.
Typically, morphological approaches are based on three types of
artefacts which structure group discussion and capture the shared
mental model of the group. The first type of artefact, the Zwicky Box,
is the result of analysis activities (i.e. parameter and parameter value
specification). The second type of artefact, the consistency matrix, is the
result of synthesis activities (i.e. consistency assessments). In the course
of the ongoing group interaction, multiple iterations between analysis
and synthesis may lead to modifications of the Zwicky Box and
consistency matrix. Once the group has settled on a Zwicky Box and
consistency matrix, GMA software can create an instance of the third
type of artefact: a visual representation of the solution space. For
instance, MA/Carma generates an interactive what-if inference model
(Fig. 3). On the other hand, Parmenides EIDOS calculates a consistency
score for each configuration and provides a cluster view for the solution
space (Fig. 4). As a result, the provided main views of GMA software
tend to revolve around one of the three artefact types (1.) Zwicky Box,
(2.) consistency matrix, and (3.) solution space visualization.
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Fig. 4. The cluster view in Parmenides EIDOS performs dimensionality reduction to project the solution space on a two-dimensional plane.

(Source: Future-Oriented Integrated Management of European Forest Landscapes, 2014).
3.3. Facilitation & group procedures

The social processes that are stimulated through soft OR methods in
general, and GMA in particular, can be conceptualized as team learning
behaviors aimed at constructing a shared mental model. van den
Bossche et al. (2011) developed a model for team learning behavior
suggesting that team learning behaviors lead to a shared mental model
which, in turn, improves team performance. The authors argue that a
shared mental model (i.e. mutual understanding and mutual agree-
ment) is a result of three types of socio-cognitive processes: (1)
construction, (2) co-construction, and (3) constructive conflict. Based
on this model, team learning starts with one team member who “inserts
meaning by describing the problem situation and how to deal with it”
(van den Bossche et al., 2011). Fellow team-members listen actively and
try to “grasp the given explanation by using this understanding to give
meaning to the situation at hand” (van den Bossche et al., 2011). This
process of construction then evolves into co-construction: team mem-
bers engage in a mutual process of building on and refining the original
contribution (e.g. revising parameters or parameter values). Both
construction and co-construction of meaning ultimately lead to mutual
understanding. However, a shared mental model requires not only
mutual understanding but mutual agreement as well. Since team
members initially have different points of view and their interpretations
diverge at least in some aspects, they need to engage in constructive
conflict to achieve mutual acceptance, i.e. “dealing with differences in
interpretation between team members by arguments and clarifications”
(van den Bossche et al., 2011). In the case of GMA, team members do
not only need to understand their joint morphological model but also
finally agree, i.e. commit themselves, to it. In practice, dedicated
facilitators can stimulate these processes of (co-)construction and
constructive conflict. Ritchey argues that facilitation is the “least
appreciated” aspect of GMA workshops (Ritchey, 2011).

A large body of literature on how group processes affect group
performance has found various types of process gains and process losses
in group processes (for an overview, see Forsyth, 2014). Process gains
refer to benefits that arise from using groups. Conversely, process losses
refer to phenomena in groups that negatively impact group perfor-
mance. For instance, numerous studies have studied team performance
in verbal brainstorming and found that interactive (“real” groups) tend

to produce fewer and less creative ideas than “nominal” groups (i.e.
non-interacting groups). One major explanation, among others, is
referred to as “production blocking” (Diehl and Stroebe, 1991): since
only one team member can talk effectively at one time, fellow team
members might forget ideas while waiting to speak or decide not to
state their ideas at all (e.g. if a similar idea has been proposed before
their turn). Another strategy to reduce process losses and promote
process gains besides facilitation is the adoption of certain group
procedures. For instance, to address the issue of production blocking,
traditional brainstorming can be replaced with brainwriting or electro-
nic brainstorming (Nunamaker et al., 1991) where turn taking is
abandoned (i.e. team members can document their ideas in parallel).
Examples of well-known group procedures are the Delphi method
(Dalkey and Helmer, 1963) and the Nominal Group Technique
(Delbecq, 1971).

GMA is a highly iterative approach (Ritchey, 2011). All reviewed
software packages take this into account and allow arbitrary transitions
between the different phases to update the morphological model based
on new insights and data emerging over time during group interaction.
In a face-to-face GMA workshop, there is typically a facilitator who
guides the transitions between different stages and manages (co-)
construction, creative conflict and group dynamics. Facilitation remains
an important concern in virtual teams.

4. Requirements

During the initial meeting with a representative of the MOOC
project team, the difficulties the MOOC staff and/or participants
encountered were documented. A review of related literature and
existing approaches followed (see Section 3). Based on the initial
problem assessment during the initial meeting with the MOOC project
manager, and a subsequent review of related literature and existing
approaches, we developed a lightweight “alpha” prototype (version 1).
In the first “alpha” prototype, we focused on the general user interface
(at this point there was no support for real-time collaboration and user
management). The early tangible prototype greatly aided the specifica-
tion of more concrete requirements and expectations of the practi-
tioners. Table 1 lists the revised requirements collected during the first
BIE cycle.
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Requirements for version 2 of the envisioned software gathered in collaboration with GI's MOOC staff (BIE cycle 1).

ID  High-level requirement and rationale Priority ~ Success criteria
1 The GMA software must facilitate the creation and manipulation ~ High The user can define parameters and parameter values to create a Zwicky Box
of a Zwicky Box and consistency matrix The user can rename parameters and parameter values to adapt the Zwicky Box to his/her

current mental model
The user can delete parameter and parameter values to adapt the Zwicky Box to his/her
current mental model
The user can assign pair-wise consistency assessments to create a consistency-matrix based
on the Zwicky Box he/she provided
The user can update each consistency assessment to adapt the Zwicky Box to his/her current
mental model
The Zwicky Box and consistency matrix are automatically and continuously persisted to the
database

2 The GMA software should run in a web browser High The user can run the GMA software using a modern standard web browser (i.e. released in
2013 or later) without having to perform installation or configuration

3 The GMA software must be easy to use High The user interface is clear and accessible

4 The GMA software must provide a means for real-time High Users belonging to the same group work on the same Zwicky Box and consistency matrix to

collaboration among arbitrary users within a group (if desired). allow co-creation

Each user's updates of the Zwicky Box and consistency matrix are automatically propagated
to fellow team members such that all team members see and work on the most recent
version without the need to trigger data updates manually

5 The GMA software must allow users to export the Zwicky Box Medium The user can export both the Zwicky Box and the consistency matrix as a PDF document

and consistency matrix in a standard file format
6 The GMA software must be integrated into the existing technical =~ Low
MOOC platform

The user can access the GMA software from within the general MOOC platform without
having to provide user credentials

Based on this list of requirements, the GMA software was con-
tinuously developed further into a more mature beta version (version 2)
until the MOOC staff considered it to be ready for use (i.e. requirements
1 to 6 were satisfied). The beta version was then put into production for
the course. It was particularly important for GI and its partners
responsible for the content and didactic implementation, that partici-
pants should not be forced to use the software and/or provide feedback.
Participants were encouraged to take part in a voluntary feedback
survey following the course. In general, the software satisfied the
requirements above. One occasional issue related to the MOOC plat-
form integration, caused by participants who switched their teams
spontaneously without notice, was addressed by manual updating the
user database. With respect to the prototype as such, we have added
three new requirements on the GMA software based on explicit feature
requests and our own observations (Table 2). First, users want to be
able to change the position of parameters and parameter values to
indicate the perceived strength of relationships spatially. Second, to
make communication among participants easier and reduce media
discontinuity, a requirement for a means of group communication
was added. Third, to make the collaborative revision of the Zwicky Box
easier, users should be able to group existing parameters and their
parameter values together and not be required to delete two parameters
and then create a new one just to address redundancy.

We conducted an additional BIE cycle to address these additional
requirements (7-9).

5. Solution
We strived for completeness and validity in these requirements and
revised their specifications continuously over the course of three BIE

cycles. The two key features of our Collaborative Morphological

Table 2

Analysis (CMA) software are (1) real-time multi-user collaboration
support and (2) an option for the facilitator to switch between
individual and group workspaces as desired during both the analysis
and synthesis stage (similar to the Delphi method). In CMA, each GMA
project is immediately persisted in the database. Thus, users can
collaborate both synchronously and asynchronously. CMA can be used
individually as well. The interface responds to the size of the browser
and features five key views: the problem description view, the analysis
view, the synthesis view, the exploration view and an export view.

5.1. An artefact-oriented process model & facilitation support

Based on our review of literature and existing GMA software, we
derived a reference process model for collaborative GMA. The model
builds on Zwicky's original GMA approach (Zwicky, 1971), the GMA
process model presented by Ritchey (2011) and our review of current
variants and software tools. We also took into account the issue of
facilitation in distributed settings.

To a large extent, our reference process model (Fig. 5) is very similar
to Zwicky's and Ritchey's process. In the first step, problem description,
the problem is framed and described as concisely as possible. In the
second phase, the problem or system is broken down into parameters
and parameter values resulting in the Zwicky Box. Then, in the third
phase, possible solutions are generated—typically based on pair-wise
consistency (e.g. MA/Carma) or compatibility assessments (e.g. Parme-
nides Eidos). Finally, the generated solution candidates (i.e. configura-
tions) are examined using one or more types of representations (e.g.
table, cluster view, what-if inference model). Since the morphological
model evolves over time, the process is highly iterative. For instance,
new arguments and additional information emerge or modelling
mistakes are often noticed only later in the process. However, there

Requirements for version 2 of the envisioned software based on observations and empirical insights from the second MOOC run in 2016 (BIE cycle 2).

ID High-level requirement and rationale Priority ~ Success criteria

7 The GMA software must allow the repositioning of parameters and parameter values  High User can change the position of both parameters and parameter values

8 The GMA software must provide a means to allow group members to communicate  High Users can use a group chat functionality to communicate with each
with each other other

9 The GMA software must provide a means to group parameters together Medium Users can select two parameters and combine them into one single

parameter
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Fig. 5. The CMA process model.

are two major differences to the processes of Zwicky and Ritchey.

First, in contrast to their more activity-oriented process description,
we consciously opted for an artefact-oriented process model. Our
reference process model describes artefacts on a more abstract level.
This leaves room for our concrete implementation to support multiple
types of artefacts. For example, depending on the problem situation, a
what-if inference model, a cluster view, or both representations of the
solution space might be helpful to the user since each type of
representation serves a different purpose. Another example concerns
the synthesis stage. Some approaches such as MA/Carma (i.e. GMA)
focus on discrete notions of consistency and inconsistency whereas
other approaches such as Option Development within Parmenides
EIDOS rely on degrees of compatibility typically expressed using an
ordinal scale (e.g. —3 (strongly incompatible) to + 3 (strongly
compatible)). Another reason why we placed emphasis on the resulting
artefacts instead of prescriptive, sequential activities within each stage
is that it allows us to experiment with alternative user interface
concepts to improve the efficiency and ease of use. While our process
model leaves the exact choice of the supported types of artefacts open,
the current version of the developed GMA software only supports
Ritchey's GMA approach because of its straightforwardness and acces-
sibility. Building the software with the general artefact-oriented process
model in mind helped us to take expandability into account and aim for
modularity such that additional types of artefacts may be added in
future versions.

The second major difference to traditional approaches is that our
reference process model aims to explicitly take into account the issues
of team-learning, group dynamics and facilitation. Because a facilitator
in an (asynchronous) virtual session tends to have less control over the
group interaction, we try to pre-structure the group process. Our
adjustments to the GMA process are inspired by key ideas of the
Delphi method and Nominal Group Technique: Both methods disen-
tangle ideas and judgments from their proponents to eliminate various
pitfalls and biases in group discussion and decision-making such as
conformity (e.g. Kelman, 1958) and individual dominance. In the
Delphi method, there is no direct interaction between group members.
Instead, participants provide estimates and arguments anonymously in
iterative rounds. In each round, the individual contributions are
combined and provided to the participants as a starting point for the
next round until consensus is met.

In the case of the Nominal Group Technique, participants first start
to generate ideas or judgments individually. In the subsequent step, all
contributions are shared and discussed within the group. Finally, group
members vote on and rank ideas or judgments. In this way, both
techniques also address the problem of production blocking. Another
potential benefit of individual sub-steps is that social loafing might be
mitigated to some extent since participants are more likely to feel that
their individual effort is justified and appreciated. We have adopted the
key tenets of the Delphi method and Nominal Group Technique for our
process model and propose to conduct parallel individual analysis and

The individual sub-steps are optional.

synthesis steps prior to the classical joint analysis and synthesis. In this
way, group members can create their private Zwicky Box and synthesis
matrices free of influence and priming from other team members.
However, to take synchronous applications which resemble conven-
tional face-to-face meetings into account, the individual analysis and
modelling steps are considered to be optional.

5.2. Problem description view

When users open a CMA project, the first view that is shown is the
problem description view. The purpose of this view is to display the
description of the task or issue associated with the project. This view is
non-interactive since the MOOC staff provides fixed assignments to the
users. This can easily be extended to support a more sophisticated and/
or interactive problem description view. Within this project, the
problem description view was kept simple, since problem description
materials were provided on the general MOOC platform.

5.3. Analysis view

The second view available in CMA is the analysis view. In the
analysis view, users can define the Zwicky Box (Fig. 6). Parameters and
parameter values can quickly be added, modified, merged (see Fig. 7
and Fig. 8) and deleted (Fig. 9). While the visual ordering of parameters
is irrelevant for the semantics of a Zwicky Box, users can reposition
parameters and parameter values. This feature was requested by
multiple MOOC participants (Table 2).

The choice of the interaction mode controls what users can see and
do in the analysis view. If the individual mode is activated, users can
only see, edit, merge, delete and reposition their own parameters and
parameter values (Fig. 6). However, if the group mode is active, the
analysis view displays all contributions from each group member
(Fig. 7) as well as a chat and team activity feed. The chat component
allows group communication. The team activity feed lists all team
actions chronologically.

5.4. Synthesis view

The third view available is the synthesis view. The synthesis view
provides a cross-consistency matrix template to be filled in. The user
can select one or more value pairs and assign a consistency value,
provide his/her confidence level and a justification (Fig. 10). If the
individual mode is active, the user can only see his/her own consistency
assessments. However, if the group mode is active (Fig. 11), all
consistency assessments from all group members are visible. If group
members provided diverging consistency values, a lightning symbol is
displayed in the respective cell of the consistency matrix. If all provided
consistency values for a value pair match, the associated cell displays
the respective consistency value. It is important to note that CMA does
not force each group member to fill in the entire consistency matrix, yet
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Fig. 6. Individual mode analysis view: users can only see and manipulate their own morphological box.

he or she is free to do so. To resolve disagreements among group
members with respect to value pair consistency ratings, CMA displays
the distribution of proposed consistency values and—if provided—the
associated justification. This allows users to re-evaluate their position

and adjust their consistency rating if desired. In addition, the chat
window can be used to communicate.

5.5. Exploration view

The exploration view provides a what-if inference model similar to
MA/Carma (Fig. 12). Users can select certain parameter values and,
based on the consistency ratings provided during the synthesis stage,
the remaining values are colored according to their fit to the current
selection of values. In this way, internally consistent solution candi-

dates can easily be identified, assigned a name and saved to the solution
candidate list.

CMA  PROJECTS

5.6. Export view

In the current prototype, the export view is very basic. While users
do not have to save the project explicitly, since all changes are
automatically persisted in the database, MOOC participants were
required to submit their final results as a digital file. To facilitate this
process, the export view allows users to export the current version of
their Zwicky Box and/or consistency matrix as a PDF file.

6. Evaluation
6.1. Experimental design

We assessed the usability of our prototype in a lab experiment.
Subjects were recruited from the laboratory for experimental research
operated by the School of Management at Technical University of

Logout
Micro Hotel Strategy Berlin
Step 1
ANALYSIS
Group mode
Team Activi x
Target group Typical length of... Location Offering ty
Tourists 1 night Trendy u have added value L
o0 parameter i
Business travellers. 2.6 nights City centre Accommosdation = convenicno B
goods (vending machines)
e ERIED
Digital nomads & freelancer Main station
Accommodation + café
>6 nights
‘Add value... ‘Add value...
E==) E==) T
Add value .

<[ i |

[19:04:25] | think that we have to consider what the typical length of siay is since it will heavily impact financials and, thus, what offering is viable.

[19:04:40] Excellent point, | agreel

[19:06:07] Let's distinguish three categories: 1, 2-6, and more than 6 nights
[19:06:46] That's fine for now. Thanks!

Type message and press SHIFT + ENTER to send

Send (SHIFT + ENTER) [ §

Fig. 7. In the group mode analysis view, users can see the parameters and values provided by other group members (indicated by purple color). A group chat and activity feed support
group communication and audit trail. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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Munich. We conducted six experimental sessions during which up to 24
subjects were assigned randomly into anonymous groups of three. All
groups were briefly introduced to GMA using handouts and instructed
to solve a simplified scenario/strategy development task using GMA
(i.e. developing a micro hotel business concept for the city of Berlin).
Participants were instructed to base their GMA on the information
pieces they would receive over the course of the experiment. To create
information asymmetry, each group member received a slightly differ-
ent variant of the info sheet. While most of the information pieces were
provided on all three sheets, some individual sheets contained exclusive
or contrary information compared to the other sheets. Thus, effective
collaboration and resolution of disagreements was required to identify
good solution candidates. We collected data on subjective satisfaction
with the group process, group outcome and the usability of CMA
software. In this paper, we report on the usability of the aspects.

6.2. Participants

There were 114 participants (42 female, 72 male) between 19 and
33 years of age (mean 23.2, SD 3.14). 109 of the participants were
students (68 undergraduate students, 41 graduate students), two were
professionals, two were unemployed and one was self-employed. Most
participants did not have any experience with GMA. Five subjects
reported that they had applied GMA up to three times. Participants

received a fixed compensation of 24 EUR for participating in the
experiment.

6.3. Apparatus

Each participant was assigned to one of 24 identical personal
workstations running CMA in a web browser in “kiosk mode” (i.e.
participants were not able to run other software or terminate CMA).
Users consented to the anonymous recording of their user actions
within CMA. Each user was presented mandatory questionnaires at
specific milestones during the experiment (see Section 6.4).

6.4. Procedure

At the outset of the experiment, students received a one-page
handout providing a brief introduction to GMA using a table design
example. The experiment comprised three sequential phases for analy-
sis, synthesis and exploration (Table 3). At the beginning of each phase,
participants received instructions and task-based info sheets for the
corresponding phase. In the first phase (analysis), participants were
asked to create the Zwicky Box based on a provided list of parameters.
The values for each parameter had to be extracted from the info sheets.
After 15 min, the analysis phase was concluded. In the second phase
(synthesis), a blueprint Zwicky Box was presented to provide the same

Why should parameter value "more than

two weeks" be deleted?

Not relevant

he element is not relevant for the issue at hand

Redundant

The element is a duplicate

© Other

It's not neccessary to distinguish time periods of
more than one week. Let's group all of them

together,|

Fig. 9. Users may provide a justification for deleting parameters or parameter values.
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Fig. 10. Individual mode synthesis view: users can only see and manipulate their own cross-consistency matrix.

starting point for all groups. Participants received instructions on how
to perform consistency assessments and an info sheet providing
information on pairwise consistency. Based on this information,
participants conducted cross-consistency assessments for 30 min. Final-
ly, in the exploration phase, students were asked to discuss and identify
good solution candidates based on the CMA inference model. It is
important to note that participants collaborated anonymously (as in the
Delphi method) and were instructed to use the chat feature of the

software for general group communication.

All participants were asked to complete a questionnaire on their
perception of usability. We employed an extended version of the system
usability scale (SUS) (Brooke, 1996). The SUS was designed to measure
perceived ease-of-use. Participants were presented with five positively-
worded and five negatively-worded items and asked to express their
level of agreement to each item using a five-point scale from 1 (strongly
disagree) to 5 (strongly agree). To get a composite measure of the
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[19:04:25] | think that we have to consider what the typical length of stay is since| Location: City centre

Lﬁ
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[19:06:46] That's fine for now. Thanks!
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Fig. 11. In the group mode analysis view, users can see the consistency assessments provided by other group members. The group chat facilitates group communication.
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Fig. 12. The exploration view features a what-if inference model similar to MA/Carma.

Table 3
Experimental procedure.

Sequence no. Duration
1 Reception 5 min

2 Questionnaire on demographics and personality ~5 min
3 Brief introduction to GMA ~ 7 min
4 Analysis 15 min

5 Questionnaire on analysis phase ~5 min
6 Synthesis 30 min

7 Questionnaire on synthesis phase ~5 min
8 Exploration 10 min

9 Questionnaire on exploration phase and usability ~10 min

overall usability, the ten single items need to be combined into a
numerical SUS score ranging between 0 and 100 (see Brooke, 1996 for
details). To make interpretation of the SUS scores easier, we added a
seven-point adjective scale as an eleventh item to the questionnaire as
suggested by Bangor et al. (2009). Participants were asked to assign one
of the following adjectives to describe the perceived usability of the
artefact: worst imaginable, awful, poor, ok, good, excellent, best
imaginable.

I think that | would like to use this system frequently

| thought the system was easy to use

| found the various functions in this system were well integrated

| would imagine that most people would learn to use this system very quickly

| felt very confident using the system

| found the system unnecessarily complex

| think that | would need the support of a technical person to be able to use this system
| thought there was too much inconsistency in this system

| found the system very cumbersome to use

I needed to learn a lot of things before | could get going with this system

In addition to the SUS and adjective rating scale, participants were
invited to suggest ideas for improvement.

7. Results

Fig. 13 shows the distribution of the responses for each item of the
SUS. In general, for all positively-worded items (see first five items in
Fig. 13), a majority of users expressed that they agree or strongly agree
to the respective statement. Conversely, a majority of users expressed
disagreement or strong disagreement with negatively-worded state-
ments (see last five items in Fig. 13).

74% of participants rated the software as easy to use (“I thought the
system was easy to use”) and 69% indicated that they felt confident
using the system (“I felt very confident using the system”). The various
functions of the system were generally found to be well integrated
(71%). In terms of learnability, the majority of participants (84% of the
users) disagreed with the statement that they would need a technical
person to use the system and 81% disagreed that they needed to learn a
lot of things before they could get going with the system.

The resulting mean SUS score is 70.7 (SD 16.1; see Fig. 14 for a
boxplot of the overall SUS score and its subscales usability and
learnability). However, interpreting SUS scores is difficult since they

O Strongly disagree O Disagree O Neither agree nor disagree 0 Agree B Strongly agree

5%

I 17% | 22% | 46% .

o [ |
W e

([

3% l IS%l 21% | 45% -
l 25% I 42% | 17% 4%
52% I 32% | 11% 1%
l 15% I 42% | 26% 4%
l 23% I 40% | 21% 4%
l 37% I 44% |10%3%

Fig. 13. The distribution of participants' responses to the ten SUS items.
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Fig. 14. The distribution of overall SUS (left; mean 70.7, SD 16.1, Q1 60.0, Q3 82.5), usability subscale (center; mean 54.8, SD 13.7, Q1 45.0, Q3 65.0), and learnability subscale (right;

mean 15.9, SD 4.0, Q1 15.0, Q3 20.0) scores.
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Fig. 15. The distribution of adjective ratings.
Table 4

8. Discussion

The SUS was originally designed as a one-dimensional measure for
usability. However, factor analyses have suggested that the SUS can be
interpreted as containing two orthogonal components’: usability and
learnability (Borsci et al., 2009; Lewis and Sauro, 2009). Overall, study
participants reported positive feedback concerning the usability (54.8/
80) and learnability (15.9/20) of the system. The majority of the study
participants agreed that the software was easy to use. Almost two of

Recurring areas for improvement of the software and/or group process according to the participants.

Idea no. Description Number of mentions
1 Improve group communication 12
Provide means for oral communication (e.g. video chat) and/or improve the chat UI (e.g. simplify shortcut for sending messages)
2 Provide more process guidance 12
Provide a help function and hints and/or more examples on how to conduct the GMA and use the software
3 Improve group coordination 11
Provide visual cues to increase awareness (e.g. highlight items fellow members are currently working on) and features to coordinate group
activity (e.g. shared cursor to direct the attention of all group members to a specific element, introduce a group voting mechanism to let the
group decide whether changes by individual group members should be accepted or declined)
4 Provide automatic recommendations in the exploration stage 4

The system should automatically generate promising solution candidates in the exploration stage based on the consistency matrix

do not represent percentages. Rather, SUS scores should be interpreted
on the basis of their percentile rankings (see, e.g., Brooke, 2013).
However, the additional adjective scale we introduced as suggested by
Bangor et al. (2009), provides a straightforward interpretation of the
usability: 69% of the participants rated the system's usability as “good”
(46%), “excellent” (21%) or “best imaginable” (2%). Still, 21% of the
users found the usability to be “OK”. 10% of the users rated the
usability as “poor” (Fig. 15).

Participants provided various ideas for improvement. Recurring
themes in the submitted pool of ideas are listed in Table 4 (i.e. similar
suggestions that were suggested by three or more participants). We
have removed proposals relating to aspects not associated with
technical limitations of the software but rather based on the constraints
imposed by the experimental design. For instance, participants were not
able to switch between the views even though the software technically
allows users to do so. However, to align the experimental conditions for
all participants, this feature was deactivated and the transition through
the GMA process was time-triggered (Table 3). Consequently, proposals
to introduce software features that are actually already implemented
such as “Add possibility to switch views” were removed from the list.

12

three users indicated that they would like to use the software
frequently. Most participants have indicated that they did not need to
learn new things or require the help of a technical person to use the
software. In addition to insights on usability and learnability, we did
receive various suggestions for improvement. While many proposals
refer to minor aspects or issues, we identified four major areas for
improvement: group communication, process guidance, group coordi-
nation and solution space exploration.

In terms of group communication, several participants would prefer
oral over written communication. In real-world projects, complemen-
tary tools for group communication such as video chat software might
be used. However, facilitators should make sure that group members do
not interact during individual sub-phases in order to not contravene the
very point of the individual mode, i.e. to work independently without
influencing and/or distracting each other. Another suggestion for
improvement brought forward is process guidance. Some participants
would appreciate a little more help, hints and examples to perform
GMA more efficiently and effectively. In real-world projects, novice

1 The learnability subscale includes items “I think that I would need the support of a
technical person to be able to use this system” and “I needed to learn a lot of things before
I could get going with this system.”. The remaining items constitute the usability subscale.
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users should receive a thorough introduction to GMA. Future versions
of the CMA software might feature example projects and additional
tooltips to support novice users. Another major theme was group
coordination. Currently, the software provides only limited (real-time)
awareness information in the synthesis and exploration phases (i.e.
information about the activity of fellow team members). As a result,
some users considered the group process to be rather uncoordinated.
The fourth category of proposals is concerned with software-support in
the exploration phase. The suggestions range from minor improvements
such as allowing users to modify and rename saved configurations to
automatically providing a list of promising solution candidates.

9. Conclusion

This research set out to investigate how an IT artefact could support
teams in conducting collaborative GMA modelling in distributed
settings. To address the real-world problem of the Goethe Institute
(GI), we conducted an ADR project to develop a web-based software
tool for collaborative GMA, since existing GMA software is primarily
designed for collocated face-to-face meetings. Within the scope of this
research project, we focused primarily on software-support for dis-
tributed, collaborative GMA. In light of the feedback we received from
GI, MOOC participants and experimental subjects, we consider the
developed software to be a useful IT artefact for distributed, collabora-
tive GMA. However, we acknowledge that effective facilitation and
process guidance are crucially important for applying GMA successful-
ly—maybe even more so in distributed settings compared to face-to-
face settings. We consider our research to be a first step of making GMA
a more viable problem-structuring method in distributed team settings
and propose two major areas for future work.

First, there are various opportunities to extend the current version
of the software such as adding support for a wider range of artefacts
types. For instance, the problem statement view currently only displays
plain text but could be extended to support images, videos, audio or
other types of media. In the synthesis stage, the software could provide
different choices of consistency/compatibility scales. The exploration
step could be supported with additional types of representations of the
solution space. We have received some suggestions for improvement
from study participants as well (for instance, adding visual cues to
indicate which user is working on a particular element or providing a
voting mechanism for users to agree on whether a particular parameter
or value should be deleted).

Second, we see a great need for research in the facilitation of virtual
GMA sessions. The geographical distribution of team members poses
great challenges to the facilitator. In this paper, we focused on
questions around adequate GMA software for virtual teams. However,
we acknowledge the importance of research on implications for the
facilitation of online GMA projects both in synchronous as well as
asynchronous settings. Collaboration Engineering (e.g. Briggs et al.,
2003; Kolfschoten et al., 2006) is a promising methodological founda-
tion for further research on facilitation.

In this paper, we have shown some of the implications for the design
of collaborative, multi-user GMA software and presented one possible
approach. We hope that the perspective on GMA research in conjunction
with practice will be broadened to include increasingly broader, alter-
native forms of collaboration other than face-to-face meetings. We believe
that a major common task of GMA researchers and practitioners is to
develop methods and software tools for these new GMA application
context, so that as many teams as possible can utilize the full potential of
this problem-structuring method to tackle wicked problems.
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