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Abstract

Using ideation methods in an optimal way has a great potential to increase the number of ideas which a team can contribute
during the conceptual phase of product development in industry. Previous studies on ideation methods have been mainly sta-
tistical studies in a laboratory setting. In the present study, however, the aim was to develop tailor-made ideation methods in a
specific context, among actors on a deregulated railway market, through close interaction between researchers and engineers
in a real-world context. Considering previous relevant research on ideation methods, associative memory models and the
findings from tests of established ideation methods performed in the same group, a number of preliminary design principles
were formulated and implemented in an ideation method that combines individual phases of rotational and gallery viewing
with phases of verbal group interaction. The method was tested and refined in a cross-functional inter-organizational group
comprising participants from different actors in the railway sector. Besides its provision of qualitative and quantitative test
results, the present study has considered the opinions of the participants in detail, which can give important insights into
the factors determining whether such a method will be implemented in industry. The participants found the method to be
more useful and to generate more ideas that could be used in practice compared to the established ideation methods which
they had tried. The learning derived from the specific case was formalized into a number of design principles for ideation
methods to be used in cross-functional inter-organizational groups.

Keywords Product development - Concept generation - Cross-functional groups - Inter-organizational groups - Ideation
methods - Action design research

1 Introduction not possible to transfer the results directly to the area of

engineering design for at least three different reasons. First,

The creation of new ideas is of the utmost importance to
engineers during the conceptual phase of product develop-
ment. A great number of ideation methods, proposed by
practitioners as well as researchers, are available to assist the
engineer in the process of inventing and creating new prod-
ucts. However, little empirical data exist to assist the engi-
neer in using these methods or selecting the optimal method.
The most famous method, brainstorming (Osborn 1957), has
been extensively studied in the social psychology literature,
but although much can be learnt from these studies, it is
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these studies let the participants use words to express ideas,
whereas designers use sketches to communicate. Second, the
typical psychology study involves topics that do not require
domain-specific knowledge to solve problems, whereas
engineers engaged in product development deal with prob-
lems that do require such knowledge. Third, whereas these
studies have typically involved students, engineers engaged
in product development typically work in cross-functional
teams involving participants with complementary skills and
knowledge. These differences imply that ideation methods
have to be studied and developed in the context of engi-
neering design to extract and provide guidance as to how
engineers can make the best use of these methods. Gibson
(2015) found that groups using a formal ideation method
outperformed groups using the informal best practice in the
engineering organization at which the study took place in
terms of quantity as well as variety, novelty and quality.
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Linsey et al. (2011) examined how two key factors influ-
enced the outcome when mechanical engineering students
worked with a design problem. These key factors were the
way in which a group’s ideas are displayed and the form
of communication between group members. They found
that over a 40-min ideation session, 50% more ideas were
generated with the most favourable combination of key fac-
tors than with the least favourable combination. Linsey and
Becker (2010) made a complementary study letting nominal
groups (groups of non-interactive individuals who ideate on
their own and whose non-redundant ideas are pooled and
compared to the outcome of an interactive group) ideate
on the same problem given the same amount of time. They
found that real teams in several of the ideation conditions
generated a larger number of ideas than equivalent nominal
groups (Linsey and Becker 2010), which is a very interest-
ing finding, since the extensive research on brainstorming in
the field of psychology unambiguously shows that verbally
interactive group work decreases the amount of ideas com-
pared to the amount obtained through nominal groups (e.g.
Mullen et al. 1991; Byron 2012). Using ideation methods
in an optimal way clearly has a great potential to increase
the number of ideas which a team can contribute during
concept generation. This is especially important since past
research on brainstorming in the psychology field has found
that the quantity and quality of ideas are highly correlated
(Dugosh et al. 2000; Paulus et al. 2015), and some support-
ing evidence for this finding has been found in the area of
engineering design (Yang 2009; Linsey et al. 2011).
Previous studies on ideation methods have been mainly
statistical studies exploring how a method or some param-
eter of a method influences the number of ideas generated,
and in some cases the quality or creativity of ideas. A few
studies of professionals using ideation methods in a natu-
ral context exist (e.g. Sutton and Hargadon 1996; Jackson
and Poole 2003). The findings of these descriptive studies
are available for the engineer to interpret how best to apply
them in a specific context. However, no studies have, to the
best of the authors’ knowledge, tried to generate prescrip-
tive knowledge regarding the design of ideation methods
through the interaction between researchers and practitioners
(in the present case engineers) in a real-world context. In the
present study, the aim has been to develop and implement
tailor-made ideation methods in a specific context, among
actors on a deregulated railway market. To this end, action
design research (ADR) (Sein et al. 2011) was applied within
the field of engineering design. The learning derived from
the specific case was formalized into a number of design
principles for ideation methods which were generalized for
the class of field problems of ideation in cross-functional
inter-organizational groups. The findings add to the body
of knowledge that can guide engineers as to how ideation
methods can be used most effectively in different contexts.
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The following research questions were posed to meet the
aim of the study.

e What are the goals of and the requirements for such an
ideation method?

e What did the participants think about the developed
method?

e How did the participants behave during the application
of the different versions of the method?

e How do the individual ideation and group review steps
differ during the application of the methods?

e How did the application of the method affect the ideation
outcome compared to the established ideation methods
that had been tested by the same group?

e What are the general design principles for such an idea-
tion method?

2 Background
2.1 Background of the study

The study was performed in the context of the Swedish rail-
way sector, with a focus on turnout development. A turnout
(see Fig. 1) guides trains from one track to another and is a
vital part of the railway infrastructure. A failure of a turn-
out, especially in a critical location, can cause significant
delays and societal costs. In 2012, turnout-related failures
were among the top ten causes of hours of disruption in
Sweden (Trafikverket 2013). Turnouts cause at least 13% of
the maintenance costs associated with the Swedish railway
(Nissen 2009). Therefore, the OptiKrea project, run by Lulea
Railway Research Center at Luled University of Technol-
ogy, was initiated with the intention of promoting the tech-
nical development of turnouts, especially from the point of
view of maintenance and life cycle cost. The deregulation of
the Swedish railway has resulted in different market actors
managing, supplying, maintaining, utilizing and researching
the railway. The idea behind the OptiKrea project was that,
by integrating the different perspectives on and knowledge

Fig.1 A model of a turnout
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about the turnout that the different actors possess, better
solutions would be found. A parallel goal of the project was
to develop working methods, including ideation methods,
which would facilitate innovation, would be tailor-made for
the railway sector and could be used in the future. At the
heart of the project is the so-called “creative team”, which
consists of representatives from each collaborating actor.
The team is cross-functional in the sense that it represents
the different functions that are important when developing a
turnout, i.e. research, design, manufacturing, management,
maintenance, and disposal.

2.2 Theoretical framework

In associative memory models (AMMs) used in cognitive
psychology (e.g. Collins and Loftus 1975; Anderson 1983),
information in the long-term memory is treated as a network
of interconnected nodes. The inter-relatedness of two dis-
tinct nodes is determined by their associative strength, i.e.
closely related pieces of information are connected to each
other more strongly than less related pieces of information.
A stimulus idea activates (and hence makes more accessible)
other nodes that are connected to it, and primarily those with
a strong associative connection.

New ideas cannot be directly retrieved from memory,
but stored knowledge must be used to generate ideas, and
therefore idea generation necessarily involves retrieval pro-
cesses (Nijstad et al. 2002) and these can be described by
AMMs. Nijstad et al. (2002) suggest that idea generation is
a two-stage process in which a cue activates a set of local-
ized strongly interconnected and semantically related fea-
tures. The idea production stage follows, where these sets
are used to generate (new) ideas by combining knowledge,
forming new associations or applying knowledge to a new
domain. These ideas are added to the search cue to activate
more sets in memory, leading to additional idea generation
(Nijstad et al. 2002). Since semantically related images have
strong mutual ties, successively activated images will often
have strong associative connections which lead to a “train
of thought” exploring connected ideas (Nijstad et al. 2002).

AMMs offer a framework for understanding the benefits
of ideation involving participants with different functional
backgrounds and knowledge, and are used to explain and jus-
tify theoretically the method developed in the present paper.
The way information is retrieved from memory implies that
a group of participants with different functional and organi-
zational backgrounds within a relevant field would have an
advantage compared to a functionally homogeneous group.
A functionally homogeneous group may possess similar
information and connections in the part of their associa-
tive memory network that applies to the ideation topic at
hand. Then it could be expected that the ideas which they
would come up with as a reaction to the ideation topic

would be similar, as this topic would activate similar nodes
of information. To achieve a performance gain through idea
exchange, an ideating subject must receive ideas belonging
to categories which would have a low probability of being
surveyed if the subject were to work alone (Perttula et al.
2006), and therefore exchanging ideas with each other to
stimulate further activation would not be very helpful in a
functionally homogeneous group, since these ideas would
primarily continue to activate ideas similar to those which
the individual would generate on their own. Brown and
Paulus (2002) represented a brainstormer’s knowledge of a
given problem as a matrix of category transition probabili-
ties. Simulations of the so-called associative memory matrix
model showed that, if a brainstormer is presented with ideas
belonging to categories of low accessibility, the number of
ideas belonging to that category increases and also the total
number of ideas overall, i.e. this makes the individual a
more productive brainstormer (Brown and Paulus 2002). In
a functionally heterogeneous group, the associative memory
networks of the participants could be expected to have differ-
ent configurations. Hence, the ideation topic would activate
different information depending on the participant and lead
to the generation of ideas belonging to different categories.
If a participant then was to be exposed to ideas from other
group members, these ideas might activate parts of their net-
work that would not initially be activated by exposure to the
ideation topic, eventually leading to a group set of both more
ideas and ideas belonging to more different categories than
would be expected from a group with the same number of
people with homogeneous backgrounds with respect to the
ideation topic at hand. In support of this, Brown and Paulus
(2002) found through simulations that interactive brainwrit-
ing (i.e. group members ideating in silence and exchanging
ideas in written form) is not universally superior to individ-
ual brainstorming, but most effective when the members of
the group possess different knowledge of the ideation topic.

2.3 Related work on ideation

Linsey et al. (2011) compared rotational viewing (as applied,
for example, in Method 635) to gallery viewing (as applied
in the gallery method) in an experiment involving mechani-
cal engineering students working on the design of a device
to shell peanuts. Whereas the participants are exposed to
all the generated ideas simultaneously during gallery view-
ing, they are only exposed to one subset of ideas at a time
during rotational viewing. Linsey et al. (2011) found that
rotational viewing generated the highest number of ideas
if both sketches and texts were used for describing ideas.
Tests of established ideation methods in the same group as
that participating in the present study (Petersson et al. 2017)
showed that Method 635 generated most ideas in the shortest
time compared to the gallery method and the SIL method.
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Gibson (2015) compared rotational viewing in a modified
version of C-sketch to an unregulated technique that had
some similarities with brainstorming in an experiment
involving practitioners working on a snow removal prob-
lem. Gibson (2015) found that the modified C-sketch method
outperformed the unregulated technique in terms of quantity,
variety, novelty and quality. Paulus and Yang (2000) have
shown that a failure to improve production in interactive
groups compared to that in nominal groups through cogni-
tive stimulation may be caused by participants simply not
attending to stimulus ideas. Both rotational viewing and gal-
lery viewing encourage the participants to consider the ideas
from the other group members. The processing of stimulus
ideas is, however, performed within the limited capacity of
short-term memory, and therefore it is reasonable to assume
that a person can only attend to a limited set of complex
ideas simultaneously (Perttula et al. 2006). Consequently,
rotational viewing may be more beneficial than gallery view-
ing because it helps the participant to consider only a limited
set of ideas at a time. On the other hand, if the attention
paid to stimulus ideas becomes excessive, the performance
decreases, as has been shown experimentally by Paulus and
Yang (2000) and through simulations by Brown and Paulus
(2002).

Linsey et al. (2011) found that gallery viewing produced
more global product solutions (corresponding to concepts
in the present study) and more high-quality product solu-
tions than rotational viewing, while the average diversity of
the product solutions was greater for the rotational viewing
condition. One explanation may be that participants in the
gallery viewing condition focus on a limited set of ideas
from the entire pool during most of the ideation session and
develop similar solutions with increased quality, while dur-
ing rotational viewing they are forced to consider a new set
of ideas in each successive round, which might enhance the
variety by activating other parts of their memory network.

Perttula et al. (2006) found that individuals generated
more ideas when they discussed ideas with other individu-
als. Although there were some doubts about why this effect
arose, there is other research (Pelled et al. 1999; Seidel and
Fixson 2013) showing that teams debating ideas come up
with more novel innovations, indicating a more thorough
exploration of the solution space. One explanation for this
might be that, while discussing, new aspects of ideas appear
which participants associate with parts of their memory net-
work that have not yet been activated.

2.4 Action design research
The action design research (ADR) method was proposed by
Sein et al. (2011) in an effort to blend design research with

action research. Design science is the study of artefacts in
their context (Hevner et al. 2004), whereas action research,
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taken generally, is intervention in a social situation to both
improve this situation and learn from it (Susman and Evered
1978). The purpose of ADR is to generate prescriptive
design knowledge through learning from the intervention
of building and evaluating an IT artefact in an organizational
setting to address a problem (Sein et al. 2011). Accord-
ing to Rogerson and Scott (2014), it is uncommon that a
design-based intervention will turn out as planned at the first
attempt, especially when addressing a social situation with
practitioners involved. Therefore, ADR is problem-driven
and aims to build design principles based on iterative cycles
in the same context (Wieringa and Morali 2012).

ADR was initially proposed within the field of informa-
tion systems and has been applied in several different con-
texts, e.g. addressing the learning needs of the deaf com-
munity (Golding and Tennant 2013), managing projects
funded by a third party (Groger and Schumann 2014) and
greenhouse gas emission reporting in the meat industry
(Hilpert et al. 2013). An IT artefact is a specific bundle of
hardware and software that is assembled to fulfil information
needs. Therefore, the present authors considered it reason-
able to assume that the development of non-IT-based tools
for information handling could also profit from ADR. As the
current study aimed to develop an ideation method suitable
in a certain context through interaction between researchers
and engineers, it was deemed that ADR would be useful in
guiding the study, as its strict and explicit principles and
iterative cycles allow the researcher to deliver a practical
outcome for the involved organization whilst simultaneously
meeting academic standards.

By developing a method in close cooperation with prac-
titioners, we expected that the user satisfaction would be
higher compared to that achieved through the established
methods tried by the group. It was further expected that the
method would be easy to apply in new situations with partic-
ipants from different organizations and different functional
backgrounds, although it was not within the scope of the
present study to test this expectation, but rather to test it in a
future field test. By implementing in the method being devel-
oped the findings of other researchers concerning the opti-
mization of idea generation, we expected that the quantity of
ideas generated would be greater compared to that generated
using established ideation methods (Petersson et al. 2017).

3 Method
3.1 Procedure

ADR consists of four stages (Sein et al. 2011): (1) problem
formulation; (2) building, intervention (i.e. test of the arte-
fact in the target environment), and evaluation (BIE); (3)
reflection and learning; and (4) formalization of learning.
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Each stage is based on certain principles and involves the
execution of certain tasks. An overview of the method is
shown in Fig. 2. A full explanation of the principles and
tasks and an account of how ADR was applied in the devel-
opment of the novel ideation method, as well as reflections
on the feasibility of using ADR for developing methods in
the area of engineering design, are to be found in Petersson
and Lundberg (2016). How each stage was carried out in the
present study is briefly summarized in this section.

3.1.1 Problem formulation

The trigger for the present study was the insight that, as the
different functions involved during the life cycle of railway
products were spread out over different actors as a result
of deregulation, special efforts were needed to achieve a
holistic picture of a product when developing it. Previous
research has shown examples of both the customer’s (Han-
nola et al. 2009) and the subcontractor’s (Liker et al. 1998)
importance for the introduction of improvements. By involv-
ing representatives from several actors when ideating, more
viewpoints on the product to be developed would be shared
and thus a better product would eventually be designed. The
initial research question formulated was therefore how idea-
tion should be performed to capture the benefits of collabo-
ration during product and process development in the given
context, and specifically, how an ideation method should be

designed. The participants in the project were the infrastruc-
ture manager of the Swedish railway (the Swedish Transport
Administration (STA)), a turnout manufacturer, a mainte-
nance contractor, and researchers from Lulea University of
Technology. Representatives from each participating organi-
zation formed the so-called “creative team”, in which issues
concerning turnouts were proposed and addressed by means
of the strategies proposed by the researchers managing the
project. In Sweden, the infrastructure manager typically runs
its development and research projects in cooperation with
or through research institutes and universities, and there-
fore academic researchers were relevant participants in the
group. After each test, the participants in the creative team
gave their views on the method. The researchers analysed
the data from the test and proposed changes to the method,
and the participants of the creative team commented on the
changes before the next test.

To the best of the authors’ knowledge, no ideation method
has been developed specifically for groups with members
possessing different functional knowledge and representing
different organizations. According to Straus et al. (2011),
there is no knowledge of what happens in inter-organiza-
tional groups to which different actors bring different cul-
tures and agendas. Therefore, it was concluded that design
principles for ideation methods for cross-functional inter-
organizational groups would be interesting for other fields
as well, as deregulation and outsourcing have become

PRE-STAGE: PROBLEM

A practical situation, inseparable from
its context, that needs to be addressed

v

Tasks in stage 1

1) Identify and conceptualize the
research opportunity

2) Formulate initial research questions
3) Cast the problem as an instance of a
class of problems

4) |dentify contributing theoretical
bases and prior technology advances
5) Secure long-term organizational
commitment

6) Set up roles and responsibilites

Tasks in stage 2

1) Discover initial knowledge-creation
target

2) Select or customize BIE form

3) Execute BIE cycle(s)

4) Assess need for additional cycles,
repeat

STAGE 1: PROBLEM FORMULATION

Principle 1: Practice-Inspired Research
Principle 2: Theory-Ingrained Artefact

v

STAGE 2: BUILDING,
INTERVENTION AND EVALUATION

Principle 3: Reciprocal Shaping
Principle 4: Mutually Influential Roles
Principle 5: Authentic and Concurrent
Evaluation

Tasks in stage 3

1) Reflect on the design and redesign
during the project

2) Evaluate adherence to principles
3) Analyze intervention results
according to stated goals

STAGE 3: REFLECTION
AND LEARNING

Tasks in stage 4

1) Abstract the learning into concepts
for a class of field problems

2) Share outcomes and assessment
with practitioners

3) Articulate outcomes as design
principles

4) Articulate learning in light of
theories selected

5) Formalize results for dissemination

Principle 6: Guided Emergence

v

STAGE 4: FORMALIZATION OF LEARNING ‘

Principle 7: Generalized Outcomes

Fig.2 The stages of ADR and their adherent principles and tasks. Adapted from Sein et al. (2011)
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increasingly common. As a result, the research task was
framed as addressing the following class of field problems:
ideation in cross-functional inter-organizational groups. A
literature review was performed on the subject of ideation
methods and an exploratory case study was performed of a
cross-functional inter-organizational group (the same group
as that participating in the current study) testing three dif-
ferent established ideation methods (Petersson et al. 2017),
to both validate previous research results and find empirical
evidence that could be used to make an initial design of the
ideation method to be developed.

3.1.2 Building, intervention and evaluation

The BIE cycles in the development of the method were
divided into an alpha phase comprising iterations in the crea-
tive team (described in the present paper) and a beta phase
involving future field tests. The first step of the alpha phase
involved identifying the basic requirements for the method
to be developed. These basic requirements, together with the
results and conclusions obtained from testing established
ideation methods (Petersson et al. 2017) and from the pre-
vious research literature, served as a basis for working out
a proposal for a novel method. The suggested method was
discussed in the team and a few changes were introduced
before the test of the first version of the method, referred
to as OptiKrea method version 1 (OKMv1) throughout this
paper. The method was tested, evaluated and changed in two
iteration steps. After two iterations, the participants were
satisfied with what became the second version of the method
(OKMyv?2) and did not want to make further modifications.

3.1.3 Reflection and learning

The ideation method developed in the present study was
adapted as the study progressed, according to the evalu-
ations and analysis that took place, to reflect the increas-
ing understanding of how the method performed in reality.
The increased understanding of the method characteristics
clarified what broader class of problems the method may
be applied to.

3.1.4 Formalization of learning

Sein et al. (2011) suggest viewing the outcome as a solution
that addresses a problem, and performing a generalization by
making a conceptual move on three levels: (1) generalization
of the problem instance, (2) generalization of the solution
instance, and (3) derivation of design principles, i.e. recom-
mendations on how solutions addressing the same class of
problems should be designed, on the basis of the design
research outcome. The third level requires a reconceptual-
ization of the learning from the specific solution instance
into design principles for a class of solutions as identified in
level 2. In the present study, the learning from the specific
instance was translated into design principles for ideation
methods to be used in cross-functional inter-organizational
teams.

3.2 The creative team

The creative team was a group of six participants comprising
four railway professionals and two academics. The profes-
sionals each had 20-30 years of experience from the railway
sector. Two worked with turnout-related issues at STA, one
at an international company manufacturing turnouts and
one at a contractor performing maintenance. The academ-
ics had experience from railway-related projects performed
in close cooperation with STA and industry. The group had
not worked together before the OptiKrea project, some of
the group members, however, knew each other from before.
Details of the participants are provided in Table 1. Before
the OptiKrea project, only participant E had experience of
ideation methods.

3.3 Procedure

The goals of and the requirements for the method to be
developed were emerged continuously during the OptiKrea
project. Comments relevant to the goals and requirements
were noted down at meetings and workshops. These data
were continuously considered by the researchers in relation
to the findings that were made, and the goals and require-
ments regarding the method were shaped during this process.

Table 1 Details of participants # Organization Position Field of expertise
A Contractor Product engineer Maintenance methods and product development
B Supplier Development manager Product development of turnouts, turnout engineering
C STA Turnout engineer Maintenance management of turnouts
D STA Track engineer Track and turnouts
E Academia Professor Mechanical engineering design, maintenance, product
development
F Academia Postdoc. research fellow Applied acoustics and signal processing, maintenance
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The final goals and requirements that emerged as a result
were presented to and approved by the participants of the
OptiKrea Group. The goals and requirements were then used
to direct the development of the method.

The two versions of the developed method were tested
by the group with an interval of 4 weeks between the tests.
The established methods in the exploratory case study were
tested over a 3-month period that commenced about 1 year
before the tests of the developed method were initiated.
Between the two tests of the developed method, the partici-
pants worked with their normal tasks and did not use any
ideation methods.

A different ideation topic was chosen for each idea-
tion method to avoid learning effects. Our aim was to find
equivalent problems that were based on actual needs, were
domain-specific and open-ended, and had a large amount
of possible solutions. First, the participants were asked to
come up with topics which they wanted to work on within
the OptiKrea project and which based on their experience,
they thought were equivalent. Thereafter, the authors of the
paper made a review of the suggestions to pick out the topics
that best fulfilled the equivalence criteria. The participants
were informed of this selection and agreed upon the ideation
topics about 1 week before each ideation session. The chosen
ideation topics are presented in Table 2. The issues on which
the ideation was performed required at least a basic technical
understanding in general and railway-specific knowledge in
particular.

At the start of each session one of the participants pre-
sented the ideation topic, followed by a common group
analysis of the topic to identify causes of and known solu-
tions to the problem involved (30-60 min long), before the
test of one of the ideation methods started. Before a test
started, the participants were instructed to try to create many
ideas and not to criticize each other negatively during the
application of the ideation method. They were instructed
that thorough scrutiny (both negative and positive) would be
possible in a subsequent step of the project. The execution
of the established methods which was tested in the explor-
atory case study (Petersson et al. 2017) and to which the
developed methods will be compared in terms of outcome
is presented in Table 3. A detailed description of the tests of
the established ideation methods is to be found in Petersson

et al. (2017). The first author presented the instructions for
the method concerned to the group by means of a projector,
ran a timer to keep track of the time, announced when the
group should move on to the next stage of the method and
answered questions about the instructions during the session.
In this capacity, the first author is referred to as the “supervi-
sor” throughout the paper.

3.4 The views of the participants

Both after the test of version 1 of the developed method
and after the test of version 2, the participants answered
a questionnaire and a short group interview regarding the
participants’ experience of the applied method took place
to capture the participants’ immediate reactions to the idea-
tion method that they had tried. The questionnaire presented
different statements about each method, and the participants
assessed their level of agreement with these statements,
answering on a continuous scale from “Do not agree at all”
to “Agree completely”, by making a mark on a line which
was about 100 millimetres in length and where O represented
“Do not agree at all”. The position of the mark was meas-
ured in millimetres from 0 with a ruler and divided by the
total length of the line. The average value for each statement
was calculated, and despite the small number of participants,
the average values for the subgroups “academics” and “rail-
way professionals” to see if there were any differences in
their views. The group interviews were audio-recorded and
the transcribed recordings, along with the questionnaires,
served as the basis for analysing the participants’ views on
the methods. A linear regression was performed between
each pair of statements in the questionnaires to find out if
any correlation existed. All the five methods tested by the
creative team during the project were included, resulting in
30 data points.

3.5 Number of concepts and ideas

Each method was divided into individual ideation phases
(IPs) and group review phases (GPs), and an analysis was
made of how the number of non-redundant concepts and
ideas varied over the different phases and between the

Table 2 Ideation topics used for

each ideation method test Method Topic
635 How can deterioration of the track geometry in turnouts be prevented?
Gallery How can transition zones between rail sections of different rigidities be designed
to ensure a smooth transition?
SIL How can turnouts be protected from snow and ice?
OKMv1 How can good track geometry of a modular turnout be achieved and retained?
OKMv2 How can satisfactory drainage of the track superstructure of turnouts be achieved?
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Table 3 The execution of the established ideation methods that was tested (Petersson et al. 2017)

Phase Steps
Method 635
IP1 1. Each participant works individually during 5 min and comes up with at least three suggestions on how to address the idea-

Gallery method
IP1

tion topic. The ideas are sketched and/or written down on a sheet of paper

2. When the time is up, each participant gives the sheet containing the ideas to the neighbour on their left

3. Each participant reads through the suggestions on the sheet of paper which they have received from the neighbour on their
right and adds improvements/comments to suggestions, combines suggestions to form new suggestions, and/or uses sugges-
tions as a source of inspiration to come up with new ideas, during a total time of 5 min. One is allowed to ask the neighbour
on one’s right what is meant by a suggestion that has been received

4. When the time is up, each participant gives the sheet of paper before them, which now contains the work of two participants,
to the neighbour on their left, and step 3 is repeated

5. The process continues until each sheet of paper has passed between all the participants, i.e. when it has been returned to the
person who started working on it as a blank sheet of paper

1. The participants individually sketch and/or write down suggestions on how to address the ideation topic on a sheet of paper
for 15 min

GP1 2. The sheets of paper are attached to a wall. The group gathers around one of the sheets hanging on the wall and the creator of
the suggestions explains them to the other participants, who give constructive feedback. The group then moves on to the next
sheet, which is explained and receives feedback, and this process is continued until all the participants have received feedback
on their suggestions. Each participant can use approximately 5 min for presentation and receiving feedback

P2 3. Each participant takes down their sheet of paper and works individually on that sheet for 5 min to develop their ideas or
come up with new ideas using the feedback which they have received from the other participants and using the other partici-
pants’ suggestions as a source of inspiration

SIL method

1P1 1. The participants individually sketch and/or write down their suggestions as to how to address the ideation topic during 10
min

GP1 2. Two participants are randomly selected and each of them presents one suggestion to the rest of the group. The participants

themselves choose what suggestion to present

3. All the participants try to combine these suggestions into one concept by interacting verbally and sketching/writing on a

whiteboard

4. When the group is finished with the first two suggestions, a third group member presents another suggestion. The group
then tries to combine this suggestion with the suggestion which resulted from step 3. Alternatively, a fourth suggestion is
presented by any participant and an attempt is made to combine this fourth suggestion with the third suggestion

5. The process of presenting suggestions and trying to combine them with each other continues until all the ideas have been

presented or the time is up (60 min)

IP individual phase, GP group review phase

methods. Further, the number of ideas reused in a later phase
of the versions of the developed method was counted.
Each set of sheets of paper containing the suggestions
from each ideation session and each recording from the
group phases were examined carefully. As a starting point,
concepts were defined as sketches and text that clearly
belonged together and were marked off from other sketches
and text on the sheets of paper. Ideas were defined as the
units which each concept could be systematically decom-
posed into, and which could be expressed as a key phrase
consisting of a verb phrase containing a maximum of one
verb, or a noun phrase. All the ideas from an ideation ses-
sion were organized systematically and the key phrases that
implied physically doing the same thing were defined as
being the same idea, although different words were used to
describe that idea. When all the ideas had been organized
and compared, the total number of ideas from each phase
could be counted, as well as the number of ideas contained
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in each concept. Some concepts contained variants that were
not compatible. If half or more of the ideas were incom-
patible, the concept was split and counted as two different
concepts that shared some ideas. Similarly, if more than half
of the ideas of each of two concepts were shared by those
concepts, the two concepts were counted as one concept
containing variants. A summary of the rules for counting
concepts is to be found in Table 4, while the corresponding
summary for ideas can be found in Table 5.

During the test of the established ideation methods
(Petersson et al. 2017), the quality in terms of viability
and ability was assessed by letting the group members act
as expert judges and individually rate the concepts. How-
ever, the rating by each participant of a particular concept
varied to such an extent that it was difficult to make any
conclusions regarding the quality of the ideas. We therefore
decided to focus on quantity when assessing the ideas during
the present study. We believe this is acceptable since earlier
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research has shown that quantity and quality are correlated
(Dugosh et al. 2000; Yang 2009; Linsey et al. 2011; Paulus
et al. 2015).

3.6 Behaviour of the participants

Observations made during the ideation sessions, together
with the transcribed audio recordings of the sessions, served
as a basis for analysing the behaviour of the participants. A
variant of the coding system developed by Jackson and Poole
(2003) was used to analyse the content of the ideation work-
shops. The number of words used in the different activities
was counted. The main activities specified by Jackson and
Poole (2003) were used: idea statement, elaboration, criti-
cism, direction, and going off at a tangent. A description of
each activity is to be found in Table 6.

The distribution of the words spoken by the participants
during the ideation session was analysed. The distribu-
tion of the speaking frequency, i.e. how many times each

Table 4 Summary of the rules for counting concepts

participant spoke during a session, was also calculated.
During this analysis, agreeing expressions consisting of
a maximum of three words that were not an answer to a
direct question were neglected (e.g. yes, h’m). This was
partly because such expressions did not add anything to
the discussion and partly because they were difficult to
hear on the recordings (especially when uttered by those
participants sitting furthest away from the microphone)
and counting would therefore not give a fair picture of
the speaking distribution. However, when a speaker was
interrupted by such a comment and then had to “speak
up” again to continue, this was counted as speaking twice,
since speaking up again after being interrupted takes an
effort and is important in understanding the speaking
distribution. The same rule applied when a speaker said
something that made the others laugh and then had to
start speaking again. It was not possible to interpret all
the verbal communication of the recordings of the work-
shops, and the uninterpretable part was not included in

1. A concept consists of one idea or a combination of ideas, and stands as a solution to the problem on its own merit. The concept in question
may address only one subpart of the problem and it may be possible to combine the concept with other concepts

2. If a concept contains incompatible ideas and half or more of the ideas are incompatible, the concept is split and counted as two different

concepts that share some ideas

3. If more than half of the ideas of each of two concepts are shared by those concepts, the two concepts are counted as one concept containing

variants

If a concept is a subpart of another concept, they are counted as one concept

5. Concepts that reframe the problem and do not specifically address the problem as described, but meet higher level needs are counted

Table 5 Summary of the rules
for counting ideas. Adapted
from Linsey et al. (2005, 2011)

1. Ideas are units which a concept is systematically decomposed into and an idea can be expressed as a
key phrase consisting of a verb phrase containing a maximum of one verb, or a noun phrase

If a certain idea is used multiple times in a concept, this idea is counted once for that concept

New combinations of already-counted ideas are counted as separate ideas

Ideas count even if they are unnecessary or deteriorate the concept

Categories of ideas only count as ideas when no subordinates are given

Ideas must be shown and not just implied to be counted

Ideas in different concepts are counted as the same idea if they imply physically doing the same thing,

although different words are used to describe that idea

for the current study 2.
3.
4.
5.
6.
7.
Table 6 Activities used to code Activity Description

the ideation sessions, drawing

upon Jackson and Poole (2003) Idea statement

Elaboration

Criticism

Direction

Going off at a tangent

Spoken contribution of an item to be recorded as a possible solution to the problem
Non-critical clarification (explaining), rephrasing or discussion of ideas

Negative statements or judgments about proffered ideas

Guiding or structuring the idea generation activity

Interaction that is off-topic and breaks the “singlemindedness” of the idea genera-

tion, whether or not it relates to other group work tasks, e.g. jokes, discussion of
the group’s task in general or discussion of given directions
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the analysis. However, this part is so small (estimated to
be roughly 1% of the total number of words) that it would
only have had minor effects on the results of the analysis
and would not have changed the overall conclusions.

If the speaking distribution had been equal between the
participants, each participant (in the group of six partici-
pants) would have spoken an ideal fraction correspond-
ing to one-sixth of the number of words remaining after
subtracting the number of words uttered by the supervisor
from the total number of words spoken. The ideal fraction
was compared to the actual fraction and the average of
the absolute values for how much the participants devi-
ated from the ideal fraction was calculated to be able to
compare the “equality of speech” between the methods. A
corresponding calculation was performed for the speaking
frequency.

An overview of the areas of focus during the evaluation,
the sources of evidence and the methods applied to analyse
the data are presented in Table 7.

4 Results and discussion

Section 4.1 presents how the initial design of the method
was reached and describes what changes were made to
the method after the first test in the creative team. The
changes were introduced to meet needs that were identified
during the evaluation of the initial design. The remain-
der of Sect. 4 is dedicated to a detailed presentation and
discussion of the results from the evaluation of the tests
of the different versions of the developed method and a
comparison of these results with those from the test of

the established methods which the developed method is
based upon.

4.1 Design of the method
4.1.1 Requirements and demands set for the method

Two overall goals emerged for the method to be developed:
(a) the method should produce a great number of ideas with
breadth and potential, which was broken down into the
requirements “must generate a great number of ideas” and
“must generate ideas with breadth and potential” and (b) the
method should be implemented by STA after the project fin-
ishes. The prerequisites for an implementation were found to
be that the intended users must feel that the method is easy
to initiate (a low usage barrier) and that the inclusion of dif-
ferent participants (from different organizations) on different
ideation occasions must be easy. It emerged that, to meet
these prerequisites, the method must fulfil the requirements
“must be easy to use and understand” and “must be attrac-
tive to the users”. Despite previous findings that facilitators
(e.g. Kramer et al. 2001) and training (Parnes and Meadow
1959) can enhance the productivity of ideation, both of these
alternatives were ruled out, because they would raise the
usage barrier too much. Partly for the same reason, special
equipment or software was ruled out. Another reason for
excluding software was that organizations typically (e.g. in
the present case) do not allow external software to be down-
loaded onto their employees’ computers. In addition, com-
putational tools for the conceptual stage do not yet provide
the same usability, the same ease of annotation of design
sketches with rough dimensions, and the same possibility of
making notes as do pen and paper (Yang 2009).

Table 7 Parameters that were analysed during the evaluation of the tests of the ideation methods

Areas of focus Sources of evidence

Analysis

The participants’ views Questionnaires

Transcribed audio recordings of group interviews

Outcome of the ideation sessions Sheets of paper from the workshop

Transcribed audio recordings of sessions

Behaviour of the group Observations

Transcribed audio recordings of sessions

Quantitative analysis of the average value of each ques-
tionnaire statement

Quantitative analysis of the correlations between pairs of
statements in the questionnaires

Qualitative analysis

Quantitative analysis (during different phases of the
methods) of the following

The number of non-redundant concepts

The number of non-redundant ideas

The number of ideas reused in later steps

Qualitative analysis

Coding of the following

The distribution of spoken words between different
activities (Table 6)

The distribution of spoken words between participants

The speaking frequency

Calculation of the average deviation from an equal distri-
bution of the spoken words and speaking frequency
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The results from the tests of established ideation methods
showed that during the SIL method the participants were
quite confused about what they were supposed to do and
asked a large number of questions about the procedure dur-
ing the entire SIL workshop (Petersson et al. 2017). It was
therefore concluded that the SIL method would not be feasi-
ble to explore further since it would be impossible to achieve
the goal of easy implementation with that method; therefore,
the SIL method was excluded from the scope of this paper.
Neither Method 635 nor the gallery method encountered
similar problems and were therefore judged to be a better
starting point for the method to be developed.

4.1.2 Individual and group work

Drawing upon the implications of AMMs, it was determined
that a feasible design would be to start with a first step of
individual ideation where the participants would document
the ideas which they would first come up with as a reaction
to the ideation topic. In this way, they would not be affected
by the other participants’ ideas initially. After the first indi-
vidual step, the participants should be exposed to other
ideas than their own to activate not-yet-accessed parts of
their memory network. Participants can be exposed to ideas
generated by others in the group or external ideas such as
pictures of objects from nature. Previous research suggests
that the effectiveness of stimuli depends on the appropriate-
ness of the stimuli with respect to the given topic, partici-
pants and context (Perttula and Sipild 2007). It was decided
that the group would use internally generated ideas during
the ideation method because (a) it was expected that these
ideas would have a higher probability of appropriateness
than selected external stimuli, (b) someone would have had
to make the effort of selecting the external stimuli before the
ideation session, which would have been a barrier to using
the method, and (c) the different functional backgrounds of
the participants would provide ideas with enough variety.

4.1.3 Sharing of ideas

There are several ways of exchanging ideas that can activate
the memory network in different ways. Since the ideation
method to be developed did not have any given time restric-
tions, it was decided that a mix of idea-exchanging strate-
gies would be a good starting point. Linsey et al. (2011)
suggested that “an improved process for idea generation
consists of first using a gallery communication method to
generate a large number of high-quality product solutions
and then moving to a rotational viewing method using words
and sketches to develop the details of the product solutions
and a large number of functional ideas”. However, in the
light of the reasoning in Sect. 2.2, one should first aim to
achieve a large pool of ideas with great variety that can

activate different parts of the memory network. Therefore,
the method developed in the present study starts with indi-
vidual ideation with rotational viewing followed by an IP
with gallery viewing. After each viewing phase, the partici-
pants exchange ideas through presentation and discussion
in verbal interaction steps. The participants of the present
study thought that presenting and discussing ideas were very
important for reaching good solutions, and this feature of the
method made it particularly attractive, since the participants
really enjoyed interacting verbally (Petersson et al. 2017).
Further, the presentation steps let each participant gain an
overview of the entire set of ideas generated by the group.
One difference between interactive and nominal groups is
the fact that, after the ideation session, the members of an
interacting group will have knowledge about the entire set
of generated ideas, whereas a member of a nominal group
will only know about the subset of ideas that he or she has
generated. In consideration of this, it is not very surprising
that the participants in an interactive group typically feel
more productive (Stroebe et al. 1992; Paulus et al. 1993) and
enjoy the ideation session more (Furnham 2000). It is rea-
sonable to assume that the sharing of ideas is an important
factor in motivating individuals to participate and engage
in the ideation session. The procedure of the first version
of the developed method is shown in Table 8. It is acknowl-
edged that GP2, the presentation and discussion of ideas
from IP2, might not add very many new ideas, but rather is
used to conclude the session for the group. However, know-
ing that others will view the ideas which one has come up
with might enhance the idea generation in the earlier steps
through social comparison (Perttula et al. 2006). Further,
it might be possible that this last step may activate new
thoughts among the participants, who may come up with
ideas directly after the session, after a period of incubation,
or later when interacting with some other stimuli.

4.1.4 Form of representation

According to Linsey et al. (2011), embodied cognition theo-
ries suggest that external representations such as sketches
are helpful for the performance of design tasks since they
reduce the cognitive load, as the amount of information
which an individual has to represent internally is reduced.
On the other hand, whereas information such as geometry
and configuration tend to be easier to express in drawings,
other information such as abstract concepts might be easier
to convey in words (Linsey et al. 2011). Additional informa-
tion in words might also be helpful when other individuals
interpret a sketch. Particularly worth noting is that individ-
uals have different preferences and some individuals sim-
ply do not like to sketch. Therefore, the participants were
instructed to use both sketches and text, to the extent desired
by them, when documenting their ideas. An advantage of
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Table 8 The execution of the two different versions of the developed method

Phase Steps

OKMv1
IP1 1. Steps 1-5 of Method 635 (see Table 3)

GP1 2. The participants use 5 min to read through the ideas that have been added to the sheet of paper which they started out with
3. Each person presents the ideas on the sheet of paper which they started out with, and if necessary, the other participants help to
explain anything which the presenter has not been able to understand
4. After each presentation, the other participants give feedback on the ideas (questions, improvements, potential, etc.). The remaining
available time is used for discussions. A maximum of 10 min is allowed per sheet of paper (for presentation and feedback)

1P2 5. The sheets of paper from step 1 are put up on a wall or some other place where all the participants can easily view them
6. Each participant works individually for 10 min to develop or combine ideas from the collection of ideas from step 1. New ideas are
also welcome. New sheets of paper are used to document the ideas by means of sketches and/or text

GP2 7. Each participant presents their own ideas from step 3

8. After each presentation, the other participants give their feedback on the ideas (questions, improvements, potential, etc.). The
remaining available time is used for discussions. A maximum of 5 min is allowed per participant (for presentation and feedback)

OKMv2

IP1 1. Step 1-5 of Method 635 (Table 3), but with 10 min in every round instead of 5 min

GP1 2. The participants use 5 min to read through the ideas that have been added to the sheet of paper which they started out with
3. Each person presents the ideas on the sheet of paper which they started out with, and if necessary, the other participants help to
explain anything which the presenter has not been able to understand
4. After each presentation, the other participants take turns to give their feedback on the ideas (questions, improvements, potential,
etc.). The remaining available time is used for discussions. A maximum of 10 min is allowed per sheet of paper (for presentation

and feedback)

1P2 5. The sheets of paper from step 1 are put up on a wall or some other place where all the participants can easily view them
6. Each participant works individually for 10 min to develop or combine ideas from the collection of ideas from step 1. New ideas are
also welcome. New sheets of paper are used to document the ideas by means of sketches and/or text

GP2 7. Each participant presents their own ideas from step 3

8. After each presentation, the other participants take turns to give their feedback on the ideas (questions, improvements, potential,
etc.). The remaining available time is used for discussions. A maximum of 5 min is allowed per participant (for presentation and

feedback)

IP individual phase, GP group phase

the developed method is that all the ideas are documented in
sketches and text by the participants continuously during the
workshop, so that no special person needs to be appointed
to record ideas. Table 9 sums up the design principles used
to set up the initial version of the new method.

4.1.5 Length of each round of rotational viewing:
adjustment made in OKMv2

Two changes were made to the initial design of the method
after the first test. The time allocated for each round of IP1
was prolonged from 5 to 10 min, as the participants all
agreed that 5 min was too short a time to be able to docu-
ment all their own ideas during the first round, and to read
through and understand the ideas on the sheet of paper
which they had received and then come up with new ideas
during the remaining rounds. This is in line with Nijstad
et al.’s (2002) reasoning that stimulus ideas can interfere
cognitively with a person’s train of thought if they belong
to a different semantic area of memory. The train of thought
is then cut off, leading to a loss of potential ideas. There-
fore, the time allocated for each round must be long enough
to allow the participants to reach the end of their train of
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thoughts, as activated by exposure to the ideation topic and
stimulus ideas. With each successive round, each sheet of
paper included more and more information, and it took a
longer time for the participants to acquaint themselves with
this increased amount of information during the remaining
rounds.

4.1.6 Distribution of spoken words: adjustment made
in OKMv2

The second change concerned the unequal distribution of
spoken words among the participants, which was found after
the first version of the developed method had been tested and
is dealt with in greater detail in Sect. 4.3. The distribution of
spoken words is important, since previous research claims
that it is essential that all the perspectives and knowledge are
contributed in the group (Milliken et al. 2003). New infor-
mation can activate new areas in the participants’ memory
network, and to access and use the information which each
participant possesses, all the participants must speak. Some
persons are inclined to speak more and others less (e.g.
Burke 1974), and therefore it was important to find a sim-
ple procedure that could even out the distribution of spoken
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Table 9 Design principles for ideation methods to be used in cross-functional inter-organizational groups, their justification and implementation

Design principle

Justification

Implementation

Used to design OKMv1

Developing the method based on methods
proven to be easy to understand

The initial generation of a pool of ideas with
great variety

Exposure to stimulus ideas generated inter-
nally within the group

Mixing idea-exchanging strategies

The use of external representation in the form
of sketches and text

Including time for discussion and debate

Added after testing OKMvl1 in the group
Optimizing the cycle time

Developing a strategy for distributing the
verbal interaction

Added after reflections on the method
Paying attention to stimulus ideas

To increase the probability of implementation
To make it easy to involve new participants

Many different types of ideas to create asso-
ciations with

To activate new areas of each participant’s
memory network

High probability of appropriateness

No additional work

Exchanging ideas in different ways may acti-
vate the memory network in different ways

To reduce the cognitive load

Sketch and text appropriate for different types
of information

To facilitate the understanding of concepts

Personal preferences

Inherent documentation

To increase the quantity and variety of ideas
Attractive to participants

Enough time for participants to exhaust their
own ideas in the first round and to review
and react to the stimulus ideas from other
participants in the remaining rounds

All perspectives and knowledge in the group
should be considered

Participants must attend to stimulus ideas to
be inspired by them

Combines elements from Method 635 and the
gallery method

The method starts with individual ideation
without interaction or other stimuli

Participants are exposed to ideas from the other
participants, silently during the round of IP1
and verbally during the group phases

Combines rotational viewing and gallery view-
ing with verbally interactive steps

The participants themselves choose if they
want to document their ideas with sketches or
words

Individual phases are followed by a group phase

Time increased from five to 10 min during each
round of IP1

Participants take turns to comment on other
participants’ suggestions

Rotational viewing during IP1

words. Instead of letting the discussion be completely free,
the change was introduced that, after each participant had
presented his suggestions, the other participants took turns
to comment on the presented ideas. Whenever questions and
urgent comments arose, the participants were still allowed to
speak out of turn. The steps of the second version, OKMv2,
are shown in Table 8.

4.2 The participants’ views

Sections 4.2.1 and 4.2.2 present the results regarding the
participants’ views on the versions of the developed ideation
method and rely on data from the group interviews. Quotes
(translated from Swedish into English) are included to exem-
plify qualitative data that contributed to the results. The
letter in brackets after each quote indicates who is quoted,
according to Table 1.

4.2.1 The participants’ views after testing OKMv1

All the participants thought that OKMv1 was the best of
all the methods which they had tried thus far, i.e. Method

635, the gallery method, the SIL method and OKMv1. They
liked combining elements from Method 635 and the gallery
method, since they thought that this gave them the opportu-
nity to exhaust the ideation topic more thoroughly than they
had been able to do with the methods tested previously. This
is exemplified by the following quote:

“Directly after this [Method] 635 we got to do this
[gallery method]. [...] On the same ideation topic, and
then we could exhaust the topic more.” (F).

All the participants felt that they had progressed further
regarding the complexity and details of the concepts and
ideas, and that the concepts and ideas had evolved in more
directions and in greater detail than when they had tried the
established ideation methods.

All the participants agreed that 5 min in each round of
IP1 was too short a time. They had not had enough time
to document their own initial ideas in the first round. Four
participants mentioned specifically that, when the next
round had started, they had forgotten their own remaining
ideas and had concentrated on making associations with
the ideas on the paper which they had received. However,
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reading through and understanding these ideas had con-
sumed most of the minutes that had been available, and
therefore there had not been much time left to build on
these ideas. This is exemplified by the following quotes:

“Once you get the sheet from your neighbour you
get a bit stressed, you don’t have the time to read
through and understand all [...] the innovations or
ideas before you have to [add your own ideas], there
is so little time left to try to come up with something
new yourself.” (F).

“When I got [my neighbour’s sheet with ideas...],
I sat wondering what I should do with them, but
I had my own ideas, of course, and [... his ideas]
were completely different from what I was thinking
about. [...] But then I lost [my own ideas before 1
got to write them down]. [...] Now I was supposed to
understand what he had [suggested...].” (D).

Two participants mentioned specifically that they were
surprised and impressed by the breadth of the ideas that
had emerged during the session.

When asked if they would have preferred working in
groups of two, for example, during IP2, all the participants
agreed that they preferred working alone during the indi-
vidual steps. All the participants thought that they could
create ideas with more breadth by working individually
that working on their own saved time because working
in pairs or teams required more time for explaining, and
that there was enough group work during the presentation
steps. Also mentioned was the fact that it was good to
have time to develop one’s own ideas on one’s own. This
is exemplified by the following quotes:

“We have better possibilities of [covering a wide
range of ideas] if we work individually in this third
step, in my view. The generation of ideas and then
the presentation of them, that is when you have the
common discussion. Then the group is working. (D).

“I agree [...] that it was a suitable mix of working
individually and working together.” (E).

Two of the participants mentioned specifically that they
had not been in a good creative mood on the day when
OKMyv1 had been tested, in one case because of a lack
of sleep.

4.2.2 The participants’ views after testing OKMv2
All of the participants agreed that OKMv2 represented

another step forward and was the best method that they had
tried thus far. This is exemplified by the following quotes:
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“I wrote that it is a step forward, that I think that
this very fact that [we have more time] means that
we can process, think about and grasp what people
mean instead of just spurting out ideas. So I feel, as
it were, that this is a method that, as I see it, could
be put into practice.” (D).

“I agree, this was the best we accomplished, I
believe. It felt completely right, all the way. [Some-
times] there were even some spare minutes, that was
first-rate, I thought.” (C).

“Oh, best so far, definitely. [...] I agree, I was hardly
even close to thinking about drainage [before] and
yet lots and lots of [ideas] emerge and then the way
in which the quality is improved from [the Method
635 step] to the [gallery step], yes, it’s clear as a bell.
Terrific.” (B).

The participants all thought that prolonging the time
for the rounds of rotational viewing was excellent, but had
somewhat different opinions about how to distribute the
time. One participant thought that it would be better if the
first round was longer than the others. The other partici-
pants, however, thought that 10 min was appropriate for
every round. All the participants thought that there was
sufficient time to understand, consider and make associa-
tions with other people’s ideas, as well as to document
one’s own ideas. This is exemplified by the following
quote:

“No, ten [minutes] was excellent, it’s quite suffi-
cient, because somehow I felt there was peace and
quiet and we had the time to read through [the ideas]
before starting to comment; [during OKMv1] we
started to comment directly, as it were, one didn’t
have the time.” (D).

Four of the participants mentioned that, during the last
rounds of rotational viewing, they had actually had a few
minutes left which they had thought could perhaps have
been used for IP2, the second individual step, instead.
None of the participants wanted to remove IP2, despite
the fact that IP1 had been prolonged. They wanted to use
IP2 to summarize or to develop concepts, or to be able to
work on new ideas which they had created during GP1.
Half of the participants thought that the time allocated for
IP2 had been sufficient, whereas the other half felt that
they could have used a few minutes more.

Three participants mentioned specifically that they were
surprised by the large amount of ideas which they had con-
ceived regardless of whether they had been very familiar
or less familiar with the ideation topic. This is exemplified
by the following quotes:
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“I hadn’t expected to discover any ideas, but it felt as
if my brain got going anyway, and I think that was
good.” (F).

“Just to see visually what we [created], what we got
down on paper, my goodness, we were never close to
that any time before. And on a topic which I think,
[although there is good knowledge of it within the
group,] as for me, [ have only scant knowledge of it,
yes, well, incredibly good.” (C).

Letting all the participants sitting around the table speak
in turn was appreciated, because this meant that everyone
was given a hearing.

One participant suggested that the developed method
could be improved by having each group member think of
three ideas on the topic in question before the ideation ses-
sion and bring it to the session as a starting point for IP1.
The other participants, however, were reluctant to accept this
suggestion, because they thought that it would be difficult to
arrange a presentation and clarification of the ideation topic
in advance of the session, that “crazy” ideas would disap-
pear and that it would not be possible to achieve the quick
responses and communication which the developed method
made possible.

4.2.3 Questionnaire

The participants’ average levels of agreement with the
statements in the questionnaire are shown in Fig. 3. The
responses to the statements presented in Fig. 3 were also
analysed separately for the academics and railway profes-
sionals. It turned out that the variation between all the indi-
vidual participants was greater than that between the two
subgroups, and therefore no conclusions about possible dif-
ferences between the two subgroups could be established.

Fig.3 The participants’ aver-
age level of agreement with
different statements about each
method

| think the method is useful E
| am satisfied with my own contribution during the workshop E
| felt engaged during the workshop E
| think ideas that were presented can be used in practice E
Many ideas were new to me ﬁ
Many interesting ideas were presented during the workshop ﬁ

L
If I had had more time, | would have come up with more ideas

| had more ideas than | presented

am engaged in the topic E

The only statement for which the variation between the indi-
viduals was less than that between the subgroups was the
statement “Many ideas were new to me”. The academics
exhibited a higher level of agreement with this statement
during the test of OKMv2, which is perhaps not surprising,
as the other participants had a longer experience from the
railway sector. Moreover, there was a trend that the profes-
sionals from STA agreed to a lower extent than the others
with the statement “Many interesting ideas were presented
during the workshop”.

Figure 3 shows that the engagement in all the ideation
issues was quite high, although the engagement in the issue
which was ideated on during OKMv1 was somewhat lower.
This may be one explanation for the lower engagement felt
during the OKMv1 ideation session compared to the engage-
ment felt during the gallery method or OKMv2. However,
when examining the individual ratings, it was found that it
was the very low rating given by one of the two participants
who had experienced a “bad day” which had pulled down the
average level of engagement felt by the participants during
the OKMv1 workshop. The same explanation applies to how
satisfied the participants were with their own contribution.

When testing OKMv2, it was observed during IP1 that
the participants had been less active during the last minutes
of the last rounds. The participants reported that they had
experienced difficulty coming up with new ideas at the end
of these rounds and this is also reflected in the question-
naire. OKMv2 scored much lower on “If I had had more
time, I would have come up with more ideas” compared to
the other methods. Another way of judging whether a topic
is more exhausted is to analyse the types of ideas appear-
ing at the end of the ideation session. It was observed that
the ideas that had emerged at the end of IP1 of OKMv2
had obviously been more crazy and unrealistic (e.g. killing
plant life using nuclear radiation or introducing animals that

I o<vv2
I okmvi
[ acalery
[ Jess

Completely agree

Do not agree at all Agree
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like water to address insufficient drainage at turnouts) than
previous ideas. It has been reported in the literature that,
when “the rate of suggested ideas has diminished almost to a
standstill”, more intriguing and unusual ideas start to appear,
but only a few people contribute then and most people would
prefer to do something else (Byron 2012). It could therefore
be argued that with OKMv2 this point in time was reached,
which did not happen during the other tests, and therefore
the topic dealt with during OKMv?2 was more exhausted.
The point in time when the participants run out of ideas is
probably dependent on the ideation issue, but it can be con-
cluded that it takes quite a long time to exhaust the types of
questions which have been dealt with in the present study;
for example, in the case of OKMv2, the participants used
63 min during IP1. Once this point is reached, there is a
choice of two alternatives: ending the ideation (or in the
present case, advancing to the next step of the method) or
trying to squeeze out unusual ideas at a lower rate while the
members possibly start feeling that they are wasting time.
Nijstad et al. (1999) found that an individual working alone
or in a group stops brainstorming when they feel that it is
no longer worth the effort, and this feeling is based on their
subjective estimate of the probability of them being able to
generate more ideas on the ideation topic. The continuation
of ideation requires some effort to be made to overcome
this stage, and perhaps additional measures must be taken.
Although many of the ideas produced in this phase are obvi-
ously unrealistic, a few of them could lead to a breakthrough
through association.

With regard to how the participants viewed the ideas
generated during the ideation, OKMv1 scored highest on
the number of interesting ideas presented and OKMv2 on
the newness of the ideas to the participants. The variations
concerning these parameters between the methods may,
however, be a result of how familiar the participants were
with the ideation topic. When rating the extent to which
the presented ideas could be used practically, the partici-
pants awarded higher scores to the two versions of the novel
method than they awarded to Method 635 and the gallery
method. When analysing the data from the interviews, we
could observe that this could be due to the discussions dur-
ing the group phases and the possibility of refining ideas
in several steps. OKMv?2 scored highest on how useful the
method was thought to be, which is reflected in the com-
ments by the participants that this was the best of the meth-
ods that they had tried thus far. As expected, the developed
method outperformed the other methods regarding user
satisfaction.

Considering the correlations between different statements
in the questionnaire, a few points are interesting to note.
However, it should be kept in mind that due to the small
number of data points the findings should be regarded as ten-
tative. The only correlation with any significance at all, see
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| am satisfied with my own contribution during the workshop

Fig.4 Linear fit (dashed line) between the participants’ engagement
during the workshop and how satisfied they were with their own
contribution (R*>=0.68). “Do not agree at all” corresponds to 0 and
“Completely agree” to 1

Fig. 4, was between how engaged a participant felt during
the workshop and how satisfied that participant was with his
own contribution (R?>=0.68). This tentatively indicates that
there might be a causal relationship between the engagement
felt by the participants and the effort which they make dur-
ing the workshop. However, another possibility is that, if a
participant feels more engaged, they will perceive their own
contribution as better although it might not objectively have
been so. Similarly, their engagement might bias their view
of how useful the method is. Between the engagement felt
by the participants and how useful they found the method,
an R%=0.44 was found. Previous research concerning brain-
storming found that group members enjoyed their work more
and were more satisfied with their own performance than
individual brainstormers, although they were actually less
productive (e.g. Stroebe et al. 1992), and that one reason for
this might be a tendency to appropriate ideas of others in the
group (Paulus et al. 1993). Gibson (2015) found that groups
using a verbally interactive informal best practice approach
reported a higher level of comfort than groups using a modi-
fied C-sketch method, although the latter outperformed the
first on all metrics. This underlines the importance of tak-
ing both objective and subjective results into account when
determining what method is most promising, since the views
of the participants might be biased by their engagement.
Since most participants had similar levels of agreement with
most of the statements in the questionnaire, the pairwise
plotting of the statements against each other in most cases
resulted in a clustering of most of the data points on which
each linear regression was performed, as is exemplified in
Fig. 4.
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The absence of correlations for some pairs of statements
is interesting. How useful the participants found the method
and how satisfied they were with their own contribution dur-
ing the workshop did not correlate (R*=0.18). A possible
explanation for this is that the participants tried to judge
how useful the method would be in general, while they rated
their own contribution in the specific instance. How engaged
the participants were in the ideation topic did not correlate
to how engaged they felt during the workshop (R*>=0.10)
or how useful they found the method (R*=0.01). Other
researchers (e.g. Isaksen 1998; Bolin and Neuman 2006)
have suggested that ownership of the task or the strength
of the incentive for high performance is important for the
outcome of a brainstorm. One would intuitively think that a
high engagement in the topic should lead to a high engage-
ment during the workshop and a better outcome compared
to a lower motivation to address the topic on the part of the
group. The absence of a correlation between the engage-
ment in the topic and the engagement felt during the work-
shop indicates that other factors are more important. How-
ever, other factors that could be expected to influence the
engagement felt during a workshop, for example, the extent
to which the method resulted in ideas that could be used in
practice (R*>=0.06), how many ideas were new to the par-
ticipants (R*=0.01) or how interesting the generated ideas
were (R?>=0.06), were also uncorrelated. Neither were these
factors correlated to how useful the participants found the
method (R?=0.18, 0.00 and 0.12, respectively). This may be
because the right factors were not investigated in the ques-
tionnaire or because the relations between these parameters
are more complex and cannot be explained by linear cor-
relations between different pairs of statements. In any case,
more instances of participants being less engaged in the
topic would be required to obtain a reliable correlation.

4.3 Distribution of spoken words

Table 10 shows the average deviation from an equal distri-
bution of the spoken words and speaking frequency among
the participants during the group phases. If the number
of spoken words had been completely equally distributed
among the participants, the deviation would have been zero.
Table 10 shows that the average deviation from an equal

Table 10 Average deviation from an equal distribution of the spoken
words and speaking frequency (absolute %)

Participant Gallery OKMvl OKMvl OKMv2 OKMv2
GP1 GP1 GP2 GP1 GP2
Free discussion Taking turns
Spoken words 7.3 6.4 9.4 4.3 5.8
Speaking fre- 6.0 7.2 10.0 4.1 4.6
quency

distribution of the spoken words and speaking frequency
among the participants decreased when the participants took
turns to comment on the ideas (in OKMv2), suggesting that
this might be a feasible procedure, although the same people
as before still spoke the most (see Table 11). The distribution
of spoken words is not only dependent on the design of the
method, but also, for example, on the personality of each
group member and how they are affected by the behaviour
and personalities of the other group members. Therefore, it
is not likely that the observed speaking patterns would disap-
pear completely by taking turns. Some persons are more out-
going and talkative (more extrovert), others tend to be more
reserved (more introvert), and therefore some group mem-
bers are more likely to dominate the interactions in a group.
During individual interviews performed in connection to the
tests of the established ideation methods (Petersson, 2017),
group members mentioned their different personalities as the
reason for the unequal distribution of words. Other possible
reasons for the uneven speaking distribution could be the
asymmetric dependence of different actors on each other
and that an informal hierarchy exists among the participants.
The intention was that the presentation and discussion of
concepts and ideas taking place during GP1 would act as
input to IP2. If some group members speak more than others
during GP1, they might affect the outcome during IP2 more
than the others. However, speaking the most does not nec-
essarily mean contributing additional ideas or perspectives,
and could possibly hinder other group members’ perspec-
tives from being shared.

All the participants thought that letting all the group
members take turns to speak was a good improvement. From
observations it appeared that taking turns to comment on
the ideas had helped to keep the discussion focused and had
made it clear to the group what was going to happen next all
the time, which had streamlined the time for interaction. The
participants themselves jointly initiated a procedure whereby
the sheet of paper containing suggestions presented by one
participant was circulated among the other participants for
them to comment on the ideas in turn. This made it clearer
when the next person should start giving feedback and easier

Table 11 Distribution of spoken words between the participants (%)

Participant Gallery OKMvl OKMvl OKMv2 OKMv2
GP1 GP1 GP2 GP1 GP2
A 12 19 9 20 13
B 8 7 3 7 4
C 16 6 9 14 15
D 4 16 23 16 23
E 23 26 29 17 19
F 26 23 22 24 25
Supervisor 9 2 4 2 1
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for the participants to avoid forgetting any comments which
they might have thought of.

In Table 11 it can be observed that the supervisor spoke
much less during GP1 and GP2 of OKMv1 and OKMv2
than during GP1 of the gallery method, indicating that the
group worked more independently when applying the devel-
oped method. However, since each member of the studied
group has had the time to understand and learn the methods,
as well as acquaint themselves better with the other group
members, one cannot conclude that a group with “begin-
ners” would be able to work through the method without a
supervisor.

4.4 ldeation outcomes

The group generated concepts that included physical solu-
tions to the problem of the ideation topic, organizational
solutions and maintenance solutions. The concepts were
described by words, a sketch, or by a combination of a sketch
and words. Examples of concepts from each ideation session
are shown in Figs. 5 and 6, respectively. In all the examples
of concepts and ideas presented throughout this paper, the
text has been translated from Swedish into English. Exam-
ples from the tests of Method 635 and the gallery method
are to be found in Petersson et al. (2017).

From Table 12 it is obvious that there is a great difference
in the idea generation rate between the individual and group

Fixed point for
screw nut

Introduce a ballast
suction apparatus

to reduce the amount
of ballast in the crossing
section.

Cradle under the rail that
can adjust the angle of the rail

phases. During IP1 and IP2, where the participants work
individually, significantly more ideas were generated than
during the group phases, as can be seen in the far right col-
umn in Table 12. It might be tempting to draw the immediate
conclusion that, to maximize the total idea generation rate,
only individual phases should be included. However, as was
observed during IP1 of OKMvV2, the participants eventually
ran out of ideas. Although some ideas were expressed ver-
bally, it can be seen from Table 13 that most of the spoken
words were dedicated to the elaboration of ideas during all
the group phases. The longer time the participants had to
ideate individually, the longer was the time it took to pre-
sent, explain and discuss the ideas in the subsequent step.
After the group phases, the intention was that the partici-
pants would be able to create associations with what had
been presented and come up with new ideas. Although it is
difficult to quantify the extent of inspiration, it was found
that the ideas that had turned up in IP2 in many cases had
been based on some issue that had been brought up during
GP1. The average concept generation rate was lower in IP2
than in IP1, but the average number of ideas per concept
was higher in IP2, reflecting the fact that several of the par-
ticipants aimed to combine ideas from previous phases with
new ideas to achieve a complete solution to the problem of
the ideation topic (as opposed to producing several unrelated
ideas). An example is shown in Fig. 7. The fraction of ideas
from earlier phases that each participant reused in concepts

Excavation and filling to frost-safe depth.
Requirements for drainage.

Standardized way of working when placing
a turnout that implies a good, stable
substructure that meets requirements on
fixed track and the use of a crane during
placement. Renovation of worn out
turnouts so that an "exchange system"

can be put in order. Document, educate,

certify, procure
based on this.

\"’\ " 7 . . .
“wedge,™ ~//~ Rap in place with a

Q.
AN sledge hammer or

W) fasten/adjust with an
adjustment screw bolt

N\ yeded

Fig. 5 Examples of concepts from the OKMv1 ideation session on how to adjust the position of a modular turnout
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Allow heating of ballast (kill roots)

\ combine with environmentally
approved antiplant chemicals

//

Pack a first layer of ballast so that
the stone surfaces gets an outward
angle.

drainage mats with 1 dm space between

the material must be
resistant so that it's not
cut to pieces by the

4 Do these mats exist? ballast
Interesting.
Several
pipes with filling
/ like hawser
L ——z>>-_suck water over ridge P
- Y = D Thirsty _* pirch
/ ) N ; — birc
. / AN > ST trees or }
ay S To~— N E especielly |

Place wires in the ground/substructure to be able to measure the

/ thirsty bushes
/

p . = #
W= AT)

are planted
out

drainage function. (Double wires are used in the isolation of district heating
pipes. When the conductivity increases there is a leakage.)

Fig.6 Examples of concepts from the OKMv2 ideation session on drainage in turnouts

generated in IP2 varied from 0 to 100%, but was on average
57% for OKMv1 and 54% for OKMV2, i.e. more than half.
It is especially interesting that, although the participants had
difficulties creating any more ideas during the last rounds
of IP1 of OKMvV2, despite exchanging ideas through rota-
tional viewing, after the verbal interaction in GP1 they could
squeeze out 32 new ideas in IP2. From these results it is
concluded that the verbally interactive steps are relevant in
the method. Kohn et al. (2011) found that interactive brain-
storming groups generated combinations of previously gen-
erated ideas of higher utility than nominal groups. Nijstad
et al. (1999) found that when groups brainstorm verbally
without a time constraint, the productivity loss in relation to
the productivity of nominal groups decreases, because the
groups continue to ideate for a longer time. These findings
indicate that verbal group interaction may be beneficial in
group ideation if it is applied in the right instance, and may
perhaps be especially beneficial in the longer ideation ses-
sions that may be required in the field of engineering design.
This may be especially fruitful when the absolute number
of ideas is more important than the idea rate. One would
expect that industrial companies would rather use some
extra hours during ideation to assure that as many ideas as

possible would be collected before starting the selection
process. Although the idea generation rate is an interest-
ing parameter for evaluation purposes, the total number of
ideas in a day or even a week is likely to be more relevant
to companies and other organizations. It might therefore be
more interesting to focus on how to make a group create
more ideas on a topic which they think they have exhausted
than mainly to consider the idea generation rate.

It was expected that the developed method would outper-
form the other methods with regard to the quantity of ideas
generated and this expectation was fulfilled if one consid-
ers the total number of ideas. However, one can question
whether the novel method outperformed the other methods
concerning the overall concept and idea generation rate. The
generation rate for new ideas during IP1 tended to decrease
as the length of this step increased, which is consistent with
previous research on verbal brainstorming showing that
the idea flow declines with time (e.g. Paulus and Dzindolet
1993; Byron 2012). However, although the idea generation
rate decreased somewhat, the second version of the novel
method had a surprisingly good idea generation rate dur-
ing this step, considering the fact that the time was dou-
bled compared to that allocated for the first version. All of
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Table 12 Number of concepts and ideas, length of time and idea generation rate for each step of each method

Method Step Number of Number of Average number of ~ Time (min) Concept generation rate  New* idea gen-
concepts new? ideas ideas®/concept (concepts/min) eration rate (ideas/
min)
635 IP1 48 125 3.44 30 1.60 4.17
Total 48 125 3.44 30 1.60 4.17
Gallery IP1 26 66 292 15 1.73 4.40
GP1 - 15 - 25 - 0.60
P2 3 5 NA® 5 0.60 1
Total 29 86 NA® 45 0.64 1.91
OKMvl IP1 41 100 3.31 30 1.20 3.33
GP1 - 12 - 37 - 0.32
P2 10 22 5.80 10 1.0 22
GP2 2 10 2.5 33 0.06 0.30
Total 53 144 3.85 110 0.48 1.31
OKMv2 IP1 77 183 3.05 63 1.22 2.90
GP1 - 17 - 54 - 0.31
P2 10 32 7.80 10 1 32
GP2 - 15 - 31 - 0.48
Total 87 247 3.60 158 0.55 1.56

#“New ideas” means those ideas which were presented for the first time in the ideation session in the step in question
"Here “ideas” means all ideas, including ideas from earlier steps which have been reused and/or ideas suggested in other concepts

“Not applicable (NA), because the participants continued working with their sheet of paper from IP1, while in OKMv1 and OKMv2 they
received new sheets.

Table 13 Distribution of spoken

. Activity Gallery OKMv1 OKMv1 OKMv2 OKMv2
words between activities (%) GPI GPI GP2 GPI1 GP2
Direction 3 1 1 2
Going off at a tangent 7 11 9 10 8
Elaboration 80 78 80 74 82
Ideas 10 10 8 15 9
Criticism 0 1 2 0 0

secondary drainage
surface=packed soil

o \ il
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7 PRE. NS AW
é@///ﬂ“wf i

’ geotextile

Fig.7 Example of a concept generated during IP2 that combined several ideas and concepts from IP1 and GP1
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the participants thought that it was better to spend some
extra time, despite a lower idea generation rate, to achieve a
greater absolute number of ideas.

Method 635 and the similarly executed IP1 of OKMvl
were of equal length, but the former generated more ideas.
Several parameters can explain this result, but the fact that
two of the six participants experienced a “bad day” when
testing OKMv1 and were unhappy with their own effort
probably contributed. Nevertheless, the group was very sat-
isfied with the results of the workshop, especially with the
breadth of the ideas generated during the workshop. There-
fore, another explanation may be that the scope of the topics
dealt with in Method 635 and OKMv1 differed somewhat
in width, despite efforts to find relevant topics of a similar
scope, and that in relation to the topic the performance of
IP1 of OKMv1 was good.

When testing OKMv1, the participants felt that they had
not had enough time to follow through on their own ideas
created during the first round, but had been interrupted
by the ideas on the sheet of paper given to them by their
neighbour after 5 min. Linsey et al. (2011) hypothesized
that “rotational viewing encourages the participants to spend
more time understanding other [teammates’] ideas”, which is
in line with the experience from the present study. Attending
to the ideas of others is a critical factor for the observation
of stimulation effects in groups (Paulus et al. 2015). The
first ideation phase of the developed method actually con-
sists of (a) attending to the content of the sheet of paper and
(b) generating new ideas. To allow the participants both to
comprehend the existing ideas on the sheet of paper received
and to generate more ideas, the length of time for each round
was successfully increased to 10 min. However, it is impor-
tant not to prolong the duration of each round unnecessarily,
since previous research has shown that individuals under
time pressure work at a faster rate and that the less time there
is available, the greater is the task focus shown by groups;
however, the quality of the performance may suffer if too
high a pressure is applied, since information is processed
less thoroughly then and a narrower range of alternatives are
considered (Karau and Kelly 1992). Too long a time might
also allow the participants to start thinking about disadvan-
tages of their ideas and decide not to share them with the
group. It was concluded that 10 min was the right length of
time for the topics considered in the present study. Linsey
etal. (2011) used 10 min for individual idea generation prior
to four subsequent 7.5 min periods where each group of five
participants viewed either all the ideas (gallery viewing) or
a new subset of ideas during each period (rotational view-
ing). Gibson (2015) used a cycle time of 6 min when testing
a modified C-sketch method in groups of five participants.
The total times of 40 min in the study performed by Linsey
et al. (2011) and of 30 min in the study performed by Gibson
(2015) are shorter than the time used for IP1 in the present

study, but longer than the total ideation time reported for
the typical study in social psychology literature, which does
not deal with design problems. An intuitive assumption is
that the appropriate total and cycle times will depend on
the ideation topic and the size and experience of the group
concerned, and developing guidelines for setting these times
as a function of these parameters is an interesting area for
future research.

4.5 Formalization of learning and limitations

The present study is one of several efforts to understand
better how ideation methods can be utilized within the area
of engineering design, and the study has focused especially
on a real-world context with ideation topics decided by the
participants themselves. Besides the quantitative outcomes
from the ideation sessions, the present study has considered
the opinions of the participants in detail, which is unusual
in research on ideation methods and can give important
insights into the factors determining whether such methods
will be implemented in industry. This study is limited to a
single group, and therefore, statistical generalizations are
not applicable. The findings and conclusions of the paper are
valid for this particular group. Using another group might
have resulted in different findings due to different group
characteristics exerting different influences. Possible influ-
encing factors in this connection are the personalities of the
group members, their experience, backgrounds, gender, age
and other personal characteristics. Further, the group acted
in the railway sector, and studying a cross-functional inter-
organizational group from another sector could result in
other findings. Through the guidance of ADR, the findings
have been generalized to design principles that can be used
as a starting point for developing ideation methods in a simi-
lar situation that other researchers might face within other
organizations. The last stage of ADR requires the researcher
to make a conceptual move from the specific and unique to
the generic and abstract on three levels (Sein et al. 2011).
The present study has developed an instance-specific solu-
tion that has been reconceptualized into a class of solutions.
The developed ideation method has been viewed as belong-
ing to the class of ideation methods for cross-functional
inter-organizational groups. Preliminary design principles
for this class of solutions were formulated when designing
the initial version of the developed method. These were
confirmed during the tests and two additional design prin-
ciples were identified during the test of the initial version
of the method. Further, it was realized that the method had
inherently encouraged the participants to attend to the other
participants’ ideas and that this was an important design
principle. The design principles are to be found in Table 9.

Although AMMs explain how information in the
long-term memory is accessed, other factors exist that
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can further stimulate or interfere with activation, such
as motivation. Stimulation requires that the subject con-
cerned should attend to the stimulus idea (e.g. Dugosh
et al. 2000), which is a process that requires the person to
be motivated to do so. The motivation for a participant to
create ideas or share the ideas created might be low for dif-
ferent reasons. One factor which could lower the motiva-
tion of a participant is a fear of other participants stealing
good ideas from them due to the inclusion of competing
actors in the group (Petersson et al. 2017). Almefelt and
Claesson (2015) applied systematic design methods in a
collaborative project including an automotive manufac-
turer and 35 automotive suppliers and found that in some
teams where the parties represented competing suppliers,
the work progress was hindered by conflicts of interest.
Therefore, no competitors (actors competing in the same
functional segment) were involved in the creative team of
the present study, but there is still a risk that some partici-
pants might have kept some ideas for themselves owing to
a fear of having them spread outside the group.

Because only a single group participated in this study, we
were forced to change the ideation topic between the idea-
tion sessions. Although the different topics were chosen with
care so that they would be equivalent, and although they
were found to lead to similar engagement among the partici-
pants (see Fig. 3), it cannot be excluded that they influenced
the ideation outcomes differently. Some of the comments
made by the participants during the interviews indicated that
they had expected that it would be more difficult to generate
ideas concerning drainage of the superstructure compared
to the other topics compared to the other topics, although
they eventually seemed to believe that they had not been
constrained by this during the ideation (see Sect. 4.2.2). How
well the participants knew the topic from before and how
easy it was to associate from it to other domains are exam-
ples of factors that might have influenced the outcome. In
retrospective, it would have been beneficial to assess how
difficult the participants found it to be to generate ideas on
each topic and how familiar they were with it from before.
The number of non-redundant ideas and concepts was care-
fully counted according to a specified procedure to make
the count as fair as possible between the methods. However,
even if great care is taken to count ideas in a neutral way,
subjectivity will to some extent influence the counting, and
in the present case the different nature of the concepts made
the identification of single ideas challenging. Because of
these uncertainties originating from the change of ideation
topic and the counting of ideas, our aim has not been to
make conclusions about which method is the “best” with
respect to the idea generation rate, but rather to focus on
interesting trends in the data that can be useful in helping us
to understand how to apply ideation methods in an optimal
way within the area of engineering design.
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The tests of the methods were performed on different
occasions. This was the only possible way to organize the
tests, because (a) the participants were busy professionals
located in different parts of Sweden and (b) the evaluation
of the first test had to be completed before the second ver-
sion could be tested. Therefore, the conditions of each test
may have varied with respect to the mood and fitness of the
participants, and this was especially evident during the test
of OKMv1, where two participants explicitly mentioned that
they had experienced a bad day with respect to creativity.

This study has focused on developing and testing a
method suitable for application in a functionally heteroge-
neous group on the basis of implications of AMMs. How-
ever, we have not tested the method in a homogeneous group
and compared the results to be able to verify these implica-
tions. One of the starting points for developing the method
was that participants with different functional backgrounds
would be able to provide different types of ideas as a reac-
tion to the ideation topic in the individual ideation phase
at the start of the method, and that these ideas would be
used as stimulus ideas for the other participants throughout
the method. If the participants of a group have a similar
background, competence and perspective with respect to the
ideation topic, it is expected that the ideas that the group
can produce at the start of the method will have less variety
and hence not serve the purpose of functioning as stimulus
ideas for the group. Consequently, the outcome is expected
to be worse compared to that for a group that is heterogene-
ous with respect to the ideation topic. In the case of a very
homogeneous group, external stimulus ideas might be a bet-
ter approach. It has, however, not been within the scope of
the present study to investigate this, but it is a very interest-
ing area for future research.

Several researchers have found that studying team perfor-
mance in work settings is difficult because it is hard to obtain
access to such settings (Shah 1998; Paulus et al. 2015). How-
ever, studies of ideation methods in organizations and indus-
try are important for understanding how the use of ideation
methods in such contexts can increase the effectiveness of
teams working with innovations (Shah et al. 2000; Paulus
et al. 2015). From our experience, the company or organiza-
tion must be convinced that they will profit from this type of
study to provide the researchers with access. This implies
that the researcher has to adapt to the situation and the on-
going work at the company or organization, and that the
main aim of the activity for which the researcher is given
access is that it should be fruitful for the organization. Fur-
ther, setting up a completely controlled experiment necessar-
ily means procedures that would never take place in real life,
and therefore the study necessarily becomes less realistic,
although it still takes place in a work setting. Therefore, we
found that it is critical to find a balance between letting the
participants work in a realistic setting and exerting enough
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control of the experiment to be able to accomplish a mean-
ingful evaluation. Performing studies of ideation methods
in work settings will necessarily imply more uncertainties
and a smaller sample than performing such studies in con-
trolled experiments with students, and therefore statistical
significance is a challenge. In our view, such studies are
still worthwhile, since they can shed light on findings from
statistical studies and indicate if these findings are relevant
in real work settings, as well as identify relevant topics for
future research.

5 Future work

The present paper has presented the results of a study which
has developed an ideation method within one cross-func-
tional inter-organizational group. The next step is to make
field tests where the method will be tested in real-life pro-
jects on real problems by participants who are new to the
method.

6 Conclusions

The goals for the method to be developed were found to be
that the method should:

e produce a great number of ideas with breadth and poten-
tial,
e be implemented by STA after the project finishes.

The requirements for the method were found to be that
it must:

generate a great number of ideas,
generate ideas with breadth and potential,
be easy to use and understand,

be attractive to the users.

The participants thought that the developed method was
the best method that they had tried. The method was found
by the participants in the group to be more useful and to
generate more ideas that could be used in practice compared
to Method 635, the gallery method and the SIL method.

The participants did not report having and were not
observed to have difficulties understanding and applying
the method. Most of the spoken words were dedicated to
the elaboration of ideas during all the group review phases.
The distribution of spoken words between the participants
became more equal when the procedure of taking turns to
speak was put into practice in the second version of the
method.

Considerably, more ideas were generated during the
individual phases than during the group review phases. The
group review phases were mainly used to present and elabo-
rate on concepts and ideas. The average fraction of ideas
from earlier phases that each participant reused in concepts
generated in the second individual phase was more than half.

The developed method outperformed the other methods
with regard to the total number of generated concepts and
ideas, but not with regard to the overall concept and idea
generation rates.

The learning derived from the development of an ideation
method in a single group was formalized into the following
design principles for ideation methods to be used in cross-
functional inter-organizational teams:

e development of the method based on methods proven to
be easy to understand,

e the initial generation of a pool of ideas with great variety,

e exposure to stimulus ideas generated internally within
the group,

e mixing idea-exchanging strategies,

e the use of external representation in the form of sketches
and text,

e including time for discussion and debate,

e optimization of the cycle time,

e development of a strategy for distributing the verbal
interaction,

e paying attention to stimulus ideas.
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