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Abstract 

Ongoing globalization is placing greater demands on industry. One strategy to 
stay competitive is to move from supplying only hardware to supplying total 
offers, e.g. thrust on wings or power by the hour. The total offer is a 
combination of a product and service, a product service system. This approach 
to the product development process focuses on the function of the offered 
system, i.e. functional product development. The function provider retains the 
ownership and responsibility of the function carrier, i.e. the hardware. This 
makes for greater risk, but also greater revenue. To deal with this new reality 
companies are collaborating to supply these types of total offer. Another aspect 
of retaining ownership of the function carrier is that through continuous 
innovations, companies can improve the product over the life cycle of the offer.  

In an industrial context, and often in a global setting, designing is a social 
activity that is primarily performed through collaboration in teams, e.g. a group 
of people possessing distinct competences respectively contributing to the task. 
Hence, with the deployment of a functional product development strategy, the 
team is given the challenge to collaborate as a global team, i.e. the individuals of 
the team are spread over a number of companies, sites and countries. Yet 
another challenge is to increase the innovation in the team. The team must not 
only solve a design task, but also understand and define the task. This kind of 
design is by default ill-defined and thus referred to as a ‘wicked problem’. 
However, it is in these wicked design tasks that new and breakthrough products 
are most likely to be found. But to reach the goal of innovation, the team must 
allow and embrace ambiguity, as well as act in a supportive environment. 
Consequently, with these diverse teams the ability to express thoughts, ideas and 
different point of views is important for team-based innovation.  

The purpose in this thesis is to illustrate activities in design teams when 
confronted with wicked design tasks. The focus is on how the team explores 
and communicates problems. The thesis also addresses how physical spaces affect 
the creative process. Insight into these issues will deepen the understanding of 
the design processes and enable development of new tools, models and 
methods, and thus improve the performance of team-based innovation. The 
cases are studied primarily through observations of small engineering design 
teams engaged in distributed and co-located collaborative work in early development.  

The research indicates that designers experience difficulties in communicating 
notions, such as ideas or thoughts, by solely relying on the usual approach of 
using sketches, writings and mere utterances. In team-based innovation, 
designers tend to use their own body, forming embodied representations, to fill 
in the blanks. Designers embody the future product, e.g. by envisioning 
themselves as the proposed product, or putting themselves in the users’ position 
to interact with a future product or both. Hence, the embodied representation 
becomes a form of prototyping. The designer occasionally incorporates an 
everyday object to add another dimension to this kind of prototyping activity.  
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Normally, in the manufacturing industry, prototypes are refined and in a state 
of pre-production. Thus, they limit ambiguity and do not lend themselves to 
prompt designers to add new ideas. To support the team’s communication of 
ideas, the prototyping process has to allow the designers to explore the problem, 
change and propose new ideas, and aid their communicative and collaborative 
efforts.  

From the studies, a model derived for an iterative prototyping process in the 
early design phases is proposed. The model has its starting point in probing, 
which allows both the problem and the solution to be explored. Probing can 
incorporate a question, an idea, a concept, or an embodied representation. The 
design team acknowledges and interprets the probe, creating a shared or contrasted 
understanding. Still, it is in the differentiated and contrasted understanding that 
team members find the inspiration to ideate and create additional probing 
activities that provide for innovations. By looping this process numerous times, 
the understanding becomes shared and the product concept becomes more 
refined. However, the main value of the prototyping process is not the 
prototype per se, but rather the value in the process as such, since it allows the 
team to reflect in practice and experience through prototyping.  

The activities of a design team may be supported or hampered by the 
environment where the activities occur. A room and furniture, specifically 
designed to prompt a collaborative and creative mode, are suggested and 
demonstrated in this thesis. Insight from observing design activities in these 
creative environments provides a basis for further research.  

 

Keywords: Functional Product Development, Design, Innovation, Embodied 
representations, Prototyping, Team-Based Innovation, Collaboration, Product 
development 
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Introduction 1. 
The process of creating, inventing, improving and changing situations into those 
more preferred are at the heart of designing. Because all things around us, with 
the exception of nature, are designed it is hard to imagine life without change, 
without the outlet of creating the novel. For designers, it is the satisfaction to 
see the things you have made; both work as intended and to be used or 
appreciated by others. Designers have the opportunity to influence, renew and 
invent things and through these artefacts impact our lives. The process of 
creation looks differently depending on what is being created. There is, for 
example, the artisan who works alone on his own creation, the thoughts and 
ideas of that person do not necessarily need to be understood in a design process 
by anyone else. Yet, in industry the modern design problems and the 
complexity of products require a team of people involved in the process of 
creating new products [1]. Thus, designing is a social activity [2] carried out in 
teams.    

The understanding of development processes has undergone some changes, 
which can be viewed broadly in the three stages, traditional product 
development, Integrated Product Development (IPD) and a modern variant of 
product development.  

Traditional product development focuses on launching robust and excellent 
goods and is characterized by having a step-wise or an “over the fence engineering” 
[3, p.20] structure, where designing was carried out on department level. 
Generally, no team was responsible for the product from initiation to launch. 
Instead, there was limited collaboration between departments and the 
information was essentially thrown over the fence to the next department. 
Therefore, even simple problems had to be reiterated to previous departments, 
consequently making the process time-consuming.  

With the main purpose to shorten lead-times through a more efficient 
process, a Concurrent Engineering (CE) [4] or an Integrated Product 
Development (IPD) [5] process can be deployed. The aim is to shorten lead 
times through the integration of downstream processes earlier in the product 
development, and thus render coordination and communication within the 
company important [5]. On a design team level, such a process is experienced as 
having competences from different departments assembled to form the team. 
More aspects are considered early on. This is an advantage due to the team 
getting an overview and a holistic understanding. However, several perspectives 
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can also cause conflicts. This approach increases the efficiency and renders a 
shorter time to market, but also requires an increase of collaboration in the 
design team.  

The third stage, a modern variant of product development, which we call 
Functional Product Development (FPD) [6], highlights that innovation and 
collaboration in global teams as vital. FPD, has similarities with, e.g. Product 
Service Systems (PSS) [7, 8] and Integrated Product Service Engineering (IPSE) 
[9]. An underpinning aspect of FPD is to contract a lifecycle commitment, 
where the function of hardware is supplied and the function provider retains 
ownership of the physical artefact. Another aspect is the increase in sustainability 
achieved by consumers not acquiring over-capacity, but rather only the function 
they require. A life-cycle commitment is thus contracted on the basis to provide 
function per unit, e.g. power by the hour or thrust on wings [10]. There is, 
however, a risk in retaining both the ownership and the responsibility of the 
artefact, though with increased risk there is also increased revenue to be made 
based on the extensive knowledge of both the product and the product in use. 
Joint ventures, partnerships and networks of collaborative companies, i.e. cross-
company collaboration, are part of the solution to gain access to key 
competence as well as share the increased risk, both needed for life-cycle 
commitments [6]. As a consequence the reality for the design team in 
Functional Product Development is an increase in collaboration between team 
members that might not be employed by the same company, and do not sit in 
the same office, the same town or even the same country. Instead, the team is 
geographically distributed, but is still faced with the challenge of designing and 
innovating as though they are co-located. Hence, the design team is likely to 
experience its collaboration and communication as challenging. 

An opportunity in new product development is that while the function 
provider retains responsibility for the physical artefact, they also have the 
capability to continuously improve the product over time. The incitement for 
FPD is not only for more efficient product development projects, but also a 
process that lends itself to and encourages innovation. In this, there is an 
opportunity and a challenge to introduce processes that make innovation an 
integral part of the process. Intentional innovation does not sprout up from 
nowhere by chance; a team has to be nurtured and encouraged to find 
innovation. One of the challenges is to improve the performance of design 
teams by introducing new tools and methods.  

Design teams that aim to innovate start with an ill defined design task, these 
problems may be considered as wicked [11]. The lack of a definite definition to 
the problem is the essence of a wicked problem. Therefore to deal with it, it is 
not only the solution to the problem that is sought, but also the problem itself 
[12]. There is no ‘right’ or ‘wrong’ solution and every wicked problem is 
unique [12] and needs an approach that allows exploration. Thus, confidence is 
needed to define and redefine the problem as the team penetrates deeper into 
the task [11]. 
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When innovation is performed in a team, it is not only the task of inventing 
and designing a breakthrough product that is challenging but also the interaction 
and communication within that team. Teams that are eclectic, i.e. comprised of 
a diverse set of people, have a better chance in being innovative because they 
have a multitude of perspectives [13]. However, communication in eclectic 
teams is also more challenging, and these teams can perceive the interactions as 
less effective [13]. As these teams ideate, devise possible solutions; one of the 
key aspects is to utilize the team to its full potential; this is captured in the 
brainstorming rule, “build on the concepts of others” [14]. It then becomes a 
challenge to make the ideas and concepts visible to the rest of the team.  

1.1. Research Questions 

In this thesis, the effort has been to study small teams and their interactions in 
innovation projects. This is done with the purpose to gain insights into how 
team members collaborate when confronted with wicked design problems in 
early development. To explore how teams work together the guiding research 
question is:  

“How does a team explore and communicate problems?” (RQ1) 

Also, the team’s environment is interesting, since collaboration is always situated 
in some kind of environment. The research question to be explored here is: 

“How does the environment impact the team’s creative activities?” (RQ2)  

The exploration of design communication and design thinking contributes to 
the understanding of how designers work in a co-located setting and thus an 
improved understanding of how distributed work may be supported. As a vision 
for the future Holland and Stornetta presented ‘better then being there’ [15] 
envisioning that tools and methods for distributed collaboration will be designed 
in such a way that they are preferred over co-located work.  

An increased understanding of what role the environments play in design 
activities contributes to enhancing and facilitating specific collaborative 
activities. Thus, providing input to better understanding of how virtual co-
location can be supported not only through technology but also by the 
environment. 

1.2. Delimitations 

The research in this thesis concerns small design teams, i.e. teams consisting of 
two to around ten people. The research is for the purpose of engineering 
design, with influences and inspiration from social sciences. The research 
concerns the processes, social interaction and communication in small design 
teams.  

The time space matrix [16] divides work into two dimensions, the first being 
synchronous (same time) to asynchronous (different time) and the second being 
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co-located (same space) and distributed (different space). Considering these two 
perspectives this thesis focus synchronous co-located and distributed work. 
Olson et al. [17] denote coupling as the degree of communication required by 
the work, where highly coupled work is e.g. a dynamic creative session 
involving participants who work closely and bounce ideas off each other with 
the goal of creating as may ideas as possible. Highly coupled work is also the 
focus for the research, yet the creation of as many ideas as possible is not a 
prerequisite for my studies. 

Three concepts, Product, Process and People, are intertwined and span up 
design activities help to describe design further. Product is basically the result or 
the outcome of the design activity and may be a physical artefact, a drawing, a 
prototype or a service, Process is the actual activity and steps of designing, and 
People refer to e.g. the resources, competence and interactions. It is may be easy 
to resort to assess designing in terms of its outcome, the Product. However, such 
a focus overlooks the social aspects of the design activities. Issues concerning the 
Process or People involve the social aspects of design. In some cases, this is where 
most is gained, since it is here where interventions that improve the 
performance of the design team prior to the completion of a project can be 
made. Thus, an additional focus is on the social aspects of the design process. 

1.3. Disposition 

The disposition of the thesis is as follows; 

In Chapter 2 the research design is outlined. Here both the method for the 
research and the rationale for the chosen methodology are further expanded. A 
distinction is made between the research framework and specific research 
methodologies. The chapter also highlights important issues for design research, 
which is an applied research field. In Chapter 3 the theoretical framework is 
expanded upon. This chapter illuminates relevant theory and highlights 
important theories used for the analysis of observed events. In Chapter 4 the 
results are presented. The chapter is divided into the sections: refined 
prototypes, embodiment prototyping, using everyday objects and spaces and 
places for creativity. Each section consists of selected observations, analysis and 
discussions. The observations are presented with as little bias as possible, though 
these observations are of little value if the analysis is not presented in relation to 
the observed events. Lastly, discussions are presented with each of the 
observations to provide a greater context and tie the observations to relevant 
theory. In Chapter 5 two demonstrators are illustrated and initial indications for 
the demonstrators are expanded upon. Chapter 6 provides a summary of the 
appended papers and the author’s contribution to each of the papers. In Chapter 
7 a discussion is put forward leading to the proposal of a model for prototyping.  
In Chapter 8 the conclusions and future research are expanded upon.    
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Research Design 2. 
Reflection on the work you perform is relevant, as it should help you improve 
your approach. When performing research, the aspects of the research design are 
essential to make visible, since this helps to assess how the research has been 
carried out. As well, describing the approach allows the researcher to reflect on 
the work and enables him or her to improve the approach. 

2.1. Research Framework 

My research has its basis in the Design Research Methodology (DRM) 
framework [18, 19, 20]. There is an emphasis that the framework should be 
considered as a methodology and not the methodology for doing design 
research [21]. The researcher has to be aware of what he or she is applying to it 
as DRM strives “…to piece together the various types of research, to encourage a 
reflection on one’s own research, and to provide pointers to methods in other disciplines 
that can be used” [18, p.3]. Therefore, the intention is to mix disciplines and 
methods within the DRM framework.  

DRM is built up by a series of descriptive and prescriptive studies [18], 
described in an iterative process. I prefer to describe these studies more as 
phases, since the work in each step can range from a study, an analysis or even a 
design activity in itself. The first phase is descriptive, whose purpose is to 
describe an as-is situation, e.g. a description of the current work practice. This 
phase can be preformed in industry, but can also have its basis from a laboratory 
study. In the first descriptive phase the researcher describes and analyses the as-is 
situation. The second phase is prescriptive with a focus on prescribing change, 
which can be a new tool, a method or an environment. In the prescriptive 
phase the researcher finds inspiration from the first descriptive phase. The 
change is often carried in a to-be scenario, which can be used to trigger dialogue 
about the prescribed change. The third phase is also descriptive, where the 
change is researched. In this phase, the impact of the prescribed tools and 
methods are assessed and a description of the impact of the change can be 
evaluated.  
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Figure 1: The Design Research Methodology, after Blessing and Chakrabarti [18]  

However, before embarking on these three phases, the DRM framework, 
Figure 1, prescribes that the research begins in a criteria definition phase. This 
can be interpreted as a starting point where measurable criteria are defined and 
should be the foci for the research in the three phases.  

In my studies, I found it difficult to define or even identify the criteria before 
any realistic observations, i.e. before the first descriptive phase where insights are 
gained in an as-is situation. I found criteria that were either too blunt or too 
wide to provide a focus to the research. One reason can be that the research has 
been explorative and began from a topic rather than from a formulated 
hypothesis or a specific research question. Therefore, I interpreted the criteria 
phase as a planning phase, where an initial research question evolved. The 
research questions have since evolved iteratively from the studies made in 
innovation projects. Accordingly, one shortcoming for me when using DRM is 
the formulation of criteria. This forced me to look for inspiration in other 
frameworks. 

As an aid, I found inspiration in the Observe – Analyze – Intervene (OAI), 
Figure 2, as proposed by Minneman [22] and for which a similar view is also 
present in Tang [23, 24]. By adopting this framework it allowed me to start in 
the reality instead of first formulating criteria as interpreted in the DRM 
framework.  
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Figure 2: The Observe, Analyze and Intervene framework of performing design 

research.  

There are similarities in the DRM and OAI frameworks. DRM’s descriptive 
phase has similarities to the Observe-Analyze part of the OAI framework. The 
prescriptive phase of DRM can be mapped to the Intervention part of OAI. I 
find that the main difference is that DRM emphasises more elaborate phases 
than the quick iterative cycles of OAI. One example is that the prescriptive 
phase of DRM promotes the creation of novel methods, whereas the 
intervention part allows for an introduced change, something that can be less 
elaborate. 

OAI is performed with the intent to make informed Interventions in design 
activates. These interventions can be carried in a demonstrator of a to-be scenario 
and should be viewed as a possibility, which may be used to trigger dialogue 
about the prescribed change. To gain insights into the effect of the intervention 
OAI suggests that another loop be performed in this iterative framework.  

I believe that research benefits from starting with things that excite the 
researcher, rather than things that are required of the researcher. In essence, a 
natural curiosity will come from inspiration and act as the driver for the 
research. For me, such a process starts where the action is, i.e. in the teams 
engaged in design activities. Therefore, the focus of my research is on observing 
design activities as they unfold. Essentially, my research has been both inductive, 
i.e. starting with empirical studies, and explorative, i.e. the study has evolved 
inline with what has been found. Hence, I find the Observe-Analyze-Intervene 
(OAI) framework appealing and a natural way to frame my research. However, 
the DRM framework articulating descriptive phases allows for rich descriptions 
of what is observed and a structure that can be followed more easily. Even 
though both frameworks point towards the use of methods inspired from social 
sciences, neither OAI nor DRM prescribe any specific method for each of the 
phases. Because my work revolves around people in teams engaged in 
designing, observations have served as a feasible way to study their efforts.  

Analyze 

Intervene 

Observe 

Design  
Activity 
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2.2. Observing People and Process 

My research aims to uncover what design teams are doing when interacting. 
The interest is not in what they are designing, i.e. the product that is the 
outcome of the activities. My interest is how designers interact with each other, 
the artefacts they are using and the interplay between the environment and the 
design team. Thus, it was necessary to understand in-depth what designers do as 
they design. To gain this insight the research was performed using observations, 
relating to an ethnographic approach [25]. Ethnography can be carried out with 
the intent to not disturb those being observed. My efforts ranged from an effort 
to not disturb the ongoing event, in an attempt to capture the event as it would 
naturally play out, to being a participant in the ongoing event, which allows for 
unique insights.  

Some ethnographers may study a group for several months. Here, field notes 
of the observations are the most practical way to record data. However, when 
observing sessions of design teams, events of interest can occur so rapidly that 
even the most trained observer cannot keep track of everything, a reality when 
detailed studies of things in constant transition are made. For me, relying solely 
on field notes does not provide the resolution needed for an analysis of observed 
events, and thus the use of video to record events has been essential. Events of 
interest can then be recognized and the video is an invaluable tool to go back 
and examine what sparked events, how they played out and who participated. 
Hence, video is used to create a permanent record of the design session for later 
analysis [26]. Videos have also proved useful as I have returned to them several 
times to analyse my material. 

2.2.1. The workshop format to generate empirical data 

Some researchers in applied science collect their data and get their inspiration 
from interactions with real world activities. The aim for me has been to have a 
rich and nuanced communication with the actors of the research projects in 
industry. Workshops were used to achieve this. The workshop format can be 
viewed as a semi-structured group interview, where the researcher acts as 
facilitator and participant. The workshop format has a dual purpose – to provide 
an opportunity for dissemination from the researchers to the industry and within 
the group of industrials themselves, and give the researchers the opportunity to 
learn, collect data and be inspired.  

2.3. Analysis of the Material 

The analysis is not only framed by a theoretical framework, but also by the 
personal experience of the researcher. An observation is always made through 
the researcher as the primary filter. Nevertheless, the analysis must be supported 
by a theoretical framework as a basis for understanding the event and to decrease 
the impact of the researcher. An empirical investigation of design activities may 
be performed in many ways, with interaction analysis [26] as a method that 
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focuses on qualitatively understanding naturally occurring interactions and 
human activities, viz. verbal and non-verbal interaction and the use of artefacts 
and technology [26]. The effort is to refrain from having a preconceived 
analytical frame of reference. A mindset that an observation should capture “… 
as much of the phenomenon, and presuppose as little, as possible.” [27, p.114] has 
underpinned my studies. The researcher observe events starting with only a 
notion of what is interesting, which evolves into a promising theme as the 
analysis progresses [26]. The effort is to make things visible so that they can be 
seen and potentially manipulated [27]. Another qualitative approach to analyse 
designing is reflective practice, where the researcher participates in the design 
activities [28] while observing and analyzing the events, or use the reflective 
practice paradigm [29, 30] to highlight aspects of design activities. 

The approach for design observation and analysis in my research has been to 
apply interaction analysis and reflective practice to compile data and construct 
an analysis for the descriptive phases of my research.  

2.4. Prescribing Change  

Design Research Methodology emphasises the prescriptive phase as the principal 
intervention to represent change. In my research I refer to these interventions as 
demonstrators, i.e. triggers of change that represent the prescribed to-be 
situation. However, research into design and design itself in this phase is blurred; 
here, the researcher must have the ability to avoid becoming a consultant. As a 
consequence this is also where the researcher might get lost. I utilize the 
demonstrators as the base for prescribing change and to provide input for how 
design can be supported. Consequently, the input can then be used to further 
hone the demonstrators into becoming a product or method that may be 
implemented at companies.  

Companies affiliated with the research start to see results when they can 
interact with a demonstrator. Consequently companies often find that this is 
where they get the most value, as they often see their deliverable. However, if 
the research is to bring something back to the research community there must 
be an effort, for the company and the researcher, to continue the research by 
evaluating the results of the prescribed change, i.e. the description of how the 
demonstrators influence the activity. This is where the scientific results emerge, 
and where new research issues can be found. Therefore, continuation of the 
research is in the interest of all stakeholders.  

2.5. Research Design Discussion 

My research into design involves the study of teams of people, i.e. studying 
individuals put together in a group with a design mission. All individuals are 
unique, and the composition of groups therefore affects collaboration within the 
group. In a research setting, this means that observing groups gives distinct 
results that are not easily compared. I have searched for an understanding of 
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communication rather than strived for statistical comparison. Another issue that 
researchers struggle with is that the individuals is influenced by the activities that 
they have taken part in. In essence, the team has learned something that will 
influence their actions, i.e. they are not the same group as they were before the 
study. Hence, the possibility to repeat the study and receive the same result is 
difficult.  

There are, however, steps that can resolve some of these issues. Firstly, I have 
made an effort to describe how I performed the studies. Secondly, the research 
method has to consider the aspects and discuss how they are reflected upon and 
how they influence the results. Thirdly, one way to gain comparative data is to 
increase the number of teams to study, though this also increases the amount of 
empirical data. Performing interaction analysis based on video footage, and 
increasing the sample size in terms of groups is not feasible due to the enormous 
amount of data. Analysis of the design session is time-consuming, i.e. it can take 
more than 30 hours just to analyse 1 hour of video.  

There are two sides to consider here. A bigger sample size can provide 
richness in the data and more accuracy for the result. Yet, I do not aim to prove 
anything statistically, and increasing the number of studied teams is not viable to 
me. I regard design activities as social processes, and when doing so I also 
believe that there is no ‘truth’ that can be found for this kind of research. 
However, there are ways that can improve the processes, and such 
improvements have to be based on insights into the activities and the behaviour 
of the team. This is what my research efforts strive to contribute with.  

2.6. Case Description 

This thesis comprises a total of five cases. Case I – Tangible communication 
using late prototypes, Case II – Virtual co-location for distributed design teams 
and Case III - NeedInn have been closely related to industry, while. Case IV – 
Early design in a global teams involved design students that were sponsored by 
industry. Case V – Creative environments is mainly an introspective case where 
we look to ourselves as a research group for the main body of data, but also 
incorporates observations from the other cases.   

 2.6.1. Case I – Tangible communication using refined prototypes  

Case I is found within a medium-sized company that supplies military 
equipment, such as tanks, mortar systems, and tracked vehicles. The company 
does most of their product development in-house at the main plant.  

Prior to the start of this case study, the product development team, currently 
working on the project of a mortar turret, moved 4 km from the main plant to 
new facilities in the city centre. In the mortar turret project a prototype was 
built at the main plant, and the design team had to therefore travel 4 km back 
and forth to work around the prototype. In total, the team consisted of seven 
people, including the project manager, mechanical engineers and electrical 
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engineers. Aside from the engineers the mechanic responsible of assembling the 
prototype were also part of the study. 

The development team’s work around the prototype was followed over a 
six-month period during 2004-2005. The focus of this case study was the team 
communication involving the prototype. The state of the practice was studied 
and described to feed input into the development of a new tool to support 
distributed communication of the prototype. To conclude this case study, the 
implications of this new tool for first person conferencing were described. This 
tool, called mNode, is presented in my licentiate thesis [31]. Here, the case 
provides data on the team and their usage of the prototype.  

The empirical data in this case was generated through observations. The data 
was analyzed, to first uncover the needs for the tool that I developed, and 
second to understand the role of the prototype. In this case study I relied mainly 
on my field notes, since the products were classified and I was obligated to leave 
the videotapes at the company, which rendered an in-depth study of the events 
unpractical. I visited the company at numerous occasions, roughly fifteen times, 
during a six-month period.  

2.6.2. Case II – Virtual co-location for distributed design teams 

In this case, the main data was generated from a series of workshops held during 
the fall of 2007. The goal of the workshops was to find issues on virtual co-
location. The workshops followed a novel format underpinned by exercises 
specifically designed to shed light on the topic from a number of standpoints. 
These exercises are designed to encourage creativity and active participation. An 
example is a word association exercise, in which the group is prompted to 
associate freely around a word. By doing this, the group forms a communal 
understanding about the word. Besides providing fruitful discussions, a rich 
empirical basis for the researchers is also provided. Engineers from three 
companies participated in the workshop series. The first company supplies key 
chassis parts to the automotive industry, e.g. crash beams; the second is a mining 
company, whose core business is to not only mine ore but also to supply refined 
iron ore (pellet) to the steel industry and specific blast furnaces; and the third 
company is the same as in case I. In addition to the workshop series, I also 
visited two of companies to make in situ observations of design reviews.  

The workshops were held at both LTU and one of the companies, there 
were three workshops in total. My role in this case study was to design, facilitate 
and participate in the workshops. Data was generated through participation in 
the workshops. I took notes and follow up questions were performed when 
necessary. 

2.6.3. Case III – A need driven design process 

Funded by the EU sixth framework program, the NeedInn project (stands for 
Needs and Innovation) aimed to support e-health within elderly care. The goal 
of the project was to put forward a need-driven approach to product 



Mattias Bergström, Probing for Innovation – How Small Design Teams Collaborate 

 12 

innovation, using a strategy to deploy a qualitative methodology inspired by 
Needfinding [32]. This was done to promote innovation in the healthcare 
industry, primarily targeting the elderly care. In NeedInn there were a six sub 
projects. I participated as a designer in three of the projects and my reflections as 
a designer are part of this case. However, one of the projects was examined 
more closely. Within that project, a series of three workshops were held during 
the spring of 2006. In the workshops, representatives from the municipality 
(responsible for elderly care homes), management of the elderly care homes and 
nurses participated with the design team. The aim of the workshop series was to 
support the communication of these needs within the design team and to verify 
the needs with the users, primarily the nurses at the elderly care home, but also 
the management and representatives from the municipality. The workshops 
were held at an elderly care home in Luleå and a generic conference room and a 
care home in the Municipality of Skellefteå.  

I had a dual role in this case, firstly, as part of the design team and interacting 
with the users to understand their needs, and secondly, as a researcher. As a 
researcher, I generated data in the workshops. Analysis and reflection on a need-
driven process was done on the basis of this data. As a researcher, I have also 
reflected on the communication in the innovation project.  

2.6.4. Case IV – Designing in a global team  

The NeedInn project also sponsored a global undergraduate project with final 
year students from Luleå University of Technology and Stanford University, 
California, USA. The project ran over two semesters, during the fall of 2005 
and spring of 2006, and involved four students at LTU and four students at 
Stanford University. The group was given the initial task to increase the 
wellbeing of elderly patients. Based on this broad assignment, the project 
intended to generate innovative results as apposed to improving existing medical 
aids, e.g. wheelchairs and lifts. The assignment also focused on the elderly rather 
than the caregivers, which are normally viewed as the primary user in the 
development of medical aid. The students named their project Future Elderly 
Environment (FEE) to reflect this.  

In addition to the FEE group, I also studied another student group equal in 
size and composition. This group of four Luleå students collaborated with four 
Stanford students and were sponsored by a California based company, which 
provided the task to design a novel glucose meter. The studies of both groups 
add to the data corpus of this case, however, the examples of design activity that 
are put forward are found from the observations of the FEE group. Thus, all 
reported observations come from this group.   

The data collected for this study came from in situ observations where the 
students performed their work. These were a global projects and the work they 
performed can therefore be divided into co-located and distributed work. In 
both projects the students from Luleå visited the Stanford students and the 
Students from Stanford also had the opportunity to visit Luleå. However, the 
main part of the students’ work was performed in a distributed setting, 
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supported by videoconferencing. The Luleå students, who I observed in situ, 
used a studio for videoconferencing for the distributed meetings. The studio is 
equipped with a large back projected screen that people can act in front of 
without interfering with the projection the room is also equipped with other 
technical support for distributed meetings.  

The product that came out of the FEE projects was named the Nösphere [33], 
a novel design where pictures are projected on the inside of a big ball. The user 
spins the ball to change the displayed picture. The product stimulates tactile 
movement and the minds of the users, found to be critical to elderly patients. 
Another feature of the product is that caregivers or relatives can upload images. 
Accordingly, individual and personal pictures can be displayed, allowing the 
elderly to stay in touch with current events.  

In this case, had the dual role of both being part of the teaching team as a 
coach for both groups and a researcher observing the students during both 
semesters. The collaborative activities between the students in Luleå and the 
students in Stanford were observed and videotaped, rendering more than 20 
hours of tape for both groups. In addition, field notes were taken during the 
observed design session’s. The design sessions that occurred locally at Luleå and 
Stanford were not observed in-depth and are therefore not considered in this 
case. The video have been analysed iteratively, i.e. I have watched some 
sequences several times. This iterative way of observing and analyzing the video 
of events is influenced by interaction analysis [26], where the researcher allows 
for the material to inspire the research into a promising theme and a description 
of the events can be put forward. 

2.6.5. Case V – Creative environments  

The data for the design of the demonstrators, the Boiler room and the Focin-
Focout, was generated through retrospection, i.e. reflections on our daily work 
and behaviour, and introspective reflective dialogues, i.e., reasoning about our 
rationale for certain behaviour. Data for the study was generated by observing 
students and industry representatives when participating in meetings both within 
our environments and at companies. In these studies, the use of a shared surface, 
such as a whiteboard, was considered.  

The observations of our own environment have been a natural part of my 
research interests, due to doing it in case studies in industry. These observations 
were performed over a long time, but became clearer during the latter phases of 
my research education. Accordingly, this case was initiated long before the 
department received the opportunity to remodel the facilities where we conduct 
our work, though the remodelling may be viewed as the starting point for this 
case. The observations of how we actually perform our work at the department 
resulted in distinguishing the requirements and needs for environments to 
support solitary work, and more importantly collaborative work. This case also 
draws from the experience and observations from other cases, especially from 
observations made Case II and Case III, where conference rooms were used as 
the principal venue for collaboration.  
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Besides the remodelling of the entire facility, two demonstrators were also 
produced in this case. The first demonstrator is the dedicated room, a room for 
another kind of meeting and in particular, creative meetings. The second 
demonstrator is part of the boiler room and manifested as novel furniture, the 
Focin-Focout, designed to support active collaboration in front of a whiteboard.  

In this case, I acted as the principal investigator for the reflection and the 
driver for change at the department. I have also been one of the researchers 
prescribing the Boiler room, and the initiator for the Focin-Focout furniture as 
a demonstrator. In addition I built the Focin-Focout.  

2.6.6. Summary of case description 

The cases are summarized in Table 1, where the duration of the study including 
the research design is highlighted. The table summarises which methods have 
been used and provides the context of my role in relation to each case. The 
cases are as follows; 

• Case I – Tangible communication using late prototypes 
• Case II – Virtual co-location for distributed design teams 
• Case III – A need driven design process 
• Case IV – Designing in a global team 
• Case V – Creative environments 

 
Table 1: Summary of case description 

 Context Team  Method My Role  Duration 

Case I Industrial 
Product 
development team 

In situ observations, in situ 
interviews and interaction 
analysis. Video & field 
notes Researcher  

6 
months 

Case II Industrial 
Industrial 
representatives 

Data generation in 
workshops, observations 
& field notes 

Researcher 
and 
Participant 

3 
months 

Case III 
Industrial & 
Municipality 

Designers, users 
& municipality 
representatives 

In situ observations, data 
generation in workshops & 
reflective practice 

Researcher 
and 
Designer 

6 
months 

Case IV Academia  Student groups 

In situ observations, in situ 
interviews and interaction 
analysis. Video & field 
notes. 

Researcher 
and Coach 

12 
months 

Case V 
Industrial, 
Academia  

Students, Faculty, 
Industrialists & 
Designers 

In situ observations & 
reflective practice 

Researcher 
and User 

more 
than 12 
months 
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Theoretical Framework 3. 
Research is about chasing the truth or at least making an effort to search for it. 
Yet, it would be ignorant to believe that others have not made the same effort 
before me. Thus, research is about re-searching, i.e. searching again. In the 
action of searching again one must first elaborate on what has already been 
found. This is done in order to stand on the shoulders of others within the field 
and build on the theoretical framework of others. 

3.1. The Wicked Problems of Design 

Problem situations belong to one of four problem domains; known, knowable, 
complex and chaos [34], Figure 3. The first is the known, where we find problems 
with a cause and effect that are generally linear and whose problem solving 
strategy is sense-categorize-respond, e.g. I am thirsty – I need to quench my 
thirst; hence, I acquire a beverage to do so.  

 
Figure 3: Four problem domains, after Kurtz et al. [34]  

The second domain is the knowable, where we find problems that cannot be 
solved through reasoning alone. However, there are experts who know how to 
solve the problem, e.g. when building a wind power park certain issues can 
easily be solved by experts; thus, the problem solving strategy is to sense-
analyse-respond. The third domain is the complex, where we find the 
opportunity to create the novel. Within the domain of the complex, the task at 
hand is unclear and is initially ill-defined. The starting position concerning the 
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design process of novel and innovative is often blurred [35]. Ill-defined design 
problems are considered as wicked [12, 11], and wicked problems live in the 
complex domain. The problem solving strategy here is to probe-sense-respond, 
i.e. probing to render patterns more visible before taking decisions. The fourth 
problem domain is chaos, where you just have to wing it, without any 
perceivable causality [34].   

The nature of wicked problems is that they cannot be fully described and 
there is no set of clear criteria that have to be fulfilled, i.e. every wicked 
problem is unique [12]. The problem needs to be defined as it is solved; there is 
no ‘the solution’ to ‘the problem’ in a cause and effect manner, and there is only ‘a 
solution’ based on the definition of the problem [36]. Thus, the product 
development process dealing with wicked problems is a complicated mess, since 
it is hard to figure out the real problem [37].  

A design process can be described as a set of divergent phases, where the 
solution space is expanded, and convergent phases, where the ideas and concepts 
are selected and refined [38, 39] Figure 4.  

 

 
 

Figure 4: Design consists of divergent and convergent phases, after Banathy [39]  

In innovation projects, the designers and the process must allow for ambiguity 
in divergent phases, without narrowing down the scope of ideas and possible 
solutions; rather, it is recommended to ‘not jump into solutions’ [32]. In fact, time 
must be spent in uncertainty to find the actual problem, since it is in the broad 
design scope that the seeds for innovations may be found. Designing is 
underpinned by the individuals’ ability for design thinking, and being able to 
tolerate the ambiguity and handle the uncertainty are seen as traits of a successful 
designer [40].  
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3.2. Team Diversity and Collaboration 

Today, distributed collaboration in global design teams is a reality [6]. Global 
design teams are considered a relevant collaborative setting of the future [41]. 
However, supporting the work in a global design team is a challenge. 
Information technology has widespread usage and the work is affected by the 
technology in “… enabling work to take place in a wide variety of locations both within 
and outside the conventional office building.” [42, p.11] 

This puts additional demands on collaborative settings and technology. 
However, design is still fundamentally a social process [2] carried out in teams. 
The reality for designers working in industry is that the teams are global and the 
ability to collaborate with team members that are not physically co-located is 
necessary.  

To manage the wicked problems of design, gathering people of different 
competences, ethnicities and genders, as well as cultural and national 
backgrounds is suggested to gain a plethora of perspectives in the team [14, 43, 
13]. These multidisciplinary or diverse teams are denoted as eclectic teams 
throughout the thesis. Of note is that an eclectic team often performs better in 
innovation projects than homogenous teams. However, in theses teams the 
perceived performance may be lower than the actual performance, since the 
collaboration is not always smooth [13]. Small teams are “… distinguished by both 
a high level of coordination and a deep interpersonal dialog among the members.” [37, 
p.8]. Specific task-oriented and problem solving small teams are noted as tiger 
teams [37]. Another example of employing small design teams is the Darpa 
Initiative in Concurrent Engineering (DICE), launched in 1988, which sought 
to “…stimulate small-team interactions among people in large, dispersed organizations.” 
[44, p.26].  

How language is used [45] is an additional challenge for an eclectic team, 
where people with different backgrounds and interests use words differently, 
possibly hampering the creation of a shared understanding of information or the 
task at hand. Cultural differences [46], if not properly understood and managed, 
may also affect team performance. Still, eclectic design teams improve team 
performance, despite the challenges of working together in a geographically 
dispersed team [47]. Tapping into the full potential of a distributed team 
requires true collaboration, i.e. “where diversity and competences of the whole team can 
be utilized and where team members can think together rather then merely exchange 
information, opinions and divide work” [48, p.11]. In all teams, the challenge is to 
understand the design problem, i.e. have the ability to create a shared 
understanding [49]. For example, when employing a need-based approach to 
design [50], the needs of the user must be understood and disseminated 
throughout the design team. The rationale for embarking from the user needs, 
i.e. Needfinding [32], is that such an approach provides for innovation 
opportunities.  

A sense of presence is important for the conversational content in any 
interaction between individuals engaged in conversations. A wide variety of 
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audio and visual cues interplay, the most important allow for people to 
acknowledge that they are listening and understanding what is being 
communicated. Physical co-location advocates higher presence, i.e. “… the 
richness of detail about the other participants and the event itself that is available in a 
communicative event.” [42, p.62]. To promote extreme collaboration the use of a 
dedicated room, the war room [51], is suggested. Especially in the early 
divergent phases of design, when the team is engaged in highly coupled 
collaborative work [17], it is essential to create and maintain an open 
atmosphere to support the creative activities and ideation sessions [14]. For this 
type of highly coupled work, dedicated rooms where the team can run riot is 
beneficial [52]. However, in virtual co-location the degree of presence is often 
low, since the mediated technology does not allow for rich communication. In 
addition, the camera position in videoconferencing is often offset, forcing the 
participants to look away, down or up rather than directly at their 
conversational party [53]. Tele-collaboration tools in general aim to increase the 
fidelity of their system and aim for a higher sense of presence. To solve the 
problem of a lack of eye contact due to an offset camera, the camera is mounted 
in the middle of the screen, creating a face-to-face interaction that increases the 
presence supported by the system. Bäck and Lovén [54] elaborate on meeting 
types and which meetings can be hosted via tele-collaboration. Information 
meetings can be hosted over, e.g. videoconferencing, due to their structure and 
agenda. The opposite is brainstorming meetings, where technology may hamper 
creativity [54]. 

Four significant challenges [55] are suggested for future tele-collaboration 
technology to support between remote sites, viz. consistent synchronous object 
manipulation, the feeling of touch when manipulating virtual objects, more 
realistic representation of human embodiment, and the integration and 
acceptance of tele-collaboration technology at workplaces. The challenge of 
acceptance is twofold. Firstly, it is a challenge for the individual and the 
organizational culture. Individuals may perceive change as threatening simply 
because some people cannot handle change [42]. Secondly, the challenge lies in 
the acceptance of the technology as such. The tools have to be easy to use and 
intuitive [41]. The workflow should be seamless, without the user even noticing 
the technology, even though it is used to mediate the communication, as is the 
case in distributed collaboration. 

3.3. Grounding 

Performed by people in teams, design is a social process [2] that is faced with the 
task of accommodating the significant issues and making sense, i.e. being 
understood by other team members. A common ground is the mutual 
knowledge, mutual beliefs and mutual assumptions [56]. The process in 
conversational parties, which updates this common ground, is referred to as 
grounding [56]. Conversations also entail objects, and identifying what the objects 
are thus becomes essential in the grounding process, i.e. to establish a referral 
identity [56]. The process typically starts with someone making an utterance, i.e. 
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expressing something. The others in the conversational party then register the 
utterance by essentially providing cues that what is communicated is also 
received. The third step is to create an understanding so that the common ground 
may be updated [56]. 

Grounding is essential in all communication and thus part of design thinking. 
An eclectic design team operates on the boundary of collaboration; team 
diversity makes it harder to create a common ground. However, bringing 
different and often controversial points of view together to create a shared 
understanding among stakeholders can lead to new insights, new ideas and new 
artefacts [49]. Yet, some interpret grounding as the process of creating the same 
understanding [57] of a design problem, thus eliminating the differences in 
opinion and representations. This is groupthink [58], where agreement is sought 
at all cost, but without any shared understanding. A process transcends from a 
low understanding and low agreement, and thus high in uncertainty and 
ambiguity, into an agreement and a creation of shared understanding is 
prescribed to defer from groupthink [58]. At the same time, this process retains 
the ability for common ground and an understanding of each person’s 
viewpoint, i.e. a shared understanding.  

There is always a cost of grounding [56] in the effort that is needed for 
grounding. The cost is both paid by the sender and by the receiver [56]. The 
cost is measured in effort and time, where speaking and listening occur quickly, 
and writing and reading require more effort and are more time-consuming. In 
communication, people try to keep the cost of grounding as low as possible to 
minimize the effort required by both the sender and the recipients [56].  

3.4. Design Artefacts 

Design artefacts are objects, concept models, prototypes, sketches, etc., and play 
an integral part in the creation of a shared understanding, particularly in the 
early design phases where design artefacts represent a thought about the design 
[59]. An interaction with physical objects alters the dynamics in the design team 
because “Objects are continually at hand as a focus of thoughts or a topic of discourse” 
[2, p.25]. The tangibility of design artefacts nourishes discussion and plays an 
integral part of design thinking, since designers use physical objects to aid them 
in thinking through their design problem [60]. Physical objects and prototyping 
activities underpin design thinking. “Design thinking is heavily dependent upon 
references to physical objects and gesturing with physical objects. Designers are active and 
opportunistic in seeking out physical props to help them think through design problems 
and communicate design ideas.” [61, p.223]. The gap between team members of 
different competences may be bridged through the use of conversational objects, 
‘things-to-think with’ [62]. Larsson [63], who finds that ‘shared objects to think with’ 
is part of the communicative process in a design team, also emphasises the 
commutative value of physical objects. Objects such as prototypes enable design 
thinking and are therefore an essential part of the design practice [64].  
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3.4.1. Prototypes 

A prototype is defined as “a physical instantiation of a product, meant to be used to 
help resolve one or more issues during the product development” [65, p.834]. Inherent 
to the prototype is the possibility to learn from it, both from the process of 
building, i.e. prototyping, and from the resulting physical instance, the 
prototype. Prototypes are used for four main purposes [38]; Firstly, prototypes 
are created for the purpose of Learning, to gain insights of the design space. 
Secondly, they are built for the purpose of creating Milestones, where the 
prototype is used as a way to demonstrate progression in a project. Thirdly, 
prototypes are used for Integration. A prototype of a system or subsystem is 
produced to test the assembly. Fourthly prototypes are used for Communication 
purposes, a prototype is visual and tangible making the concept is easier to 
understand [38].  

The most significant thing about a prototype is  “… how they are used by a 
designer” [66]. The primary strength of a prototype is its incompleteness, which 
allows for generative and evaluative discovery of the design space [64]. It is 
suggested that the more finished a prototype is when presented, the less likely 
the designers will pay attention to the feedback received from the users [67]. 
This contradicts the classical view of prototypes as a nearly finished product, 
instead the goal of “… prototyping isn’t to finish. It is to learn about the strengths and 
weakness of the idea and to identify new directions that further prototypes might take.” 
[67, p.87].  Prototyping is thus conducted in a number of iterations in the team, 
whose goal is to learn something from each of the prototypes and the 
prototyping activity [68]. Because of this iterative prototyping, there is a need 
for efficient prototypes that produce answers in the least amount of time and 
effort [66]. An example of a prototype that successfully communicates the idea 
while using a minimum of resources is during “… the development of a new device 
for surgery, a designer took a whiteboard marker, a film canister and a clothespin and 
taped them together to visualize how he had interpreted the customers information” [68]. 
This type of rough and quick prototype helps design teams communicate their 
early concepts, while still preserving the ambiguity to learn from the process.  

3.4.2. Embodiment  

Eye movement, facial expressions and body language are used with the context 
to derive the meaning in human conversation [69]. Harrison and Minneman 
find it interesting to explore how the body of the designer may be used to do 
‘embodied representations’ [60] of concepts aside from the use of objects or 
prototypes. Bodystorming [14] is suggested to support ideation and encourage 
designers to essentially act out a scenario using their own bodies as props in the 
scenario. The aim of a bodystorm is for designers to experience the scenario and 
gain a deeper understanding of both the user and the context of the product. 
Bodystorming is a part of experience prototyping [70]. The experience is often 
an elaborate scenario, played out using props and people as actors. The participating 
designers, users or clients gain insights that would otherwise be difficult to gain. 
Also, the designers are able to evaluate ideas and update a common ground [70].  
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3.5. Space, Place and Zoning 

Workplace design affects the ideology, norms and values of an organizational 
culture [42] and can therefore be used to create an environment that achieves 
the goals of an organisation. Harrisson and Dourish [71] expand on the concept 
of ‘space’ and ‘place’ and how these concepts influence cooperative work. The 
difference between the two concepts is denoted as “Space is the opportunity; place 
is the understood reality” [71, p.67]. Only physical boundaries are considered in 
space and the space of a facility may support a handful of activities, e.g. a 
conference, a concert, or sport event. However, the space in itself does not 
explain the activities intended to be performed in that space. Fitzpatrick defines 
place as “… the lived relationship with spaces and resources that afford the group’s 
communication and interaction strategies.” [72, p.84].  

In place, not only the physical properties of space are considered, but also the 
lived relationship between the people in the space. Place is thus“…rooted in sets 
of mutually-held, and mutually available, cultural understandings about behavior and 
action.” [71, p.67]. The function of a conference can be held in the space of a 
theater, in the same space, though “… we rarely sing or dance when presenting 
conference papers” […] “We wouldn’t describe this behaviour as “out of space”; but it 
would most certainly be “out of place”…” [71, p.69]. Harrison and Dourish 
conclude, “Place, not space, frames appropriate behaviour.” [71, p.69]. It may be 
difficult to distinguish space from place, since place exists within space; in a 
sense, place is layered onto the space and a change in space changes the place. A 
similar view can be found in the concept of locale [73], where the dimension of 
people, their actions, interactions and resources are added. Thus, locales are 
created in a particular social world and emphasize the relationships and the 
resources needed to accomplish specific work.  

Besides place, zoning may be used to describe how work modes may differ 
between different spaces. Work may change as workers move across spaces. 
Zoning may be described as the “- separation of physical spaces by departmental 
boundaries or by different combinations of work settings or other workplace elements to 
provide work arenas with different characters and characteristics” [42, p.159]. A zone 
consists of a particular space; as workers are zoning, i.e. move from one space to 
the next, the modes of work may change. It is suggested that people exposed to 
spaces other than those that they are accustomed to may induce a ‘mental split’ 
[74], allowing for different insights and ultimately lead to more creativity. Office 
environments have changed to not only support heads-down or solitary work, 
i.e. work preformed on your own to incorporate the intrinsic needs for 
individuals working in a team. A workplace becomes “…not merely a place of 
information and control but a place for stimulating intellect and creativity.” [42, p.11]. 
Hence, contemporary work environments [42] should support the combining of 
ideas, perspectives and creative thinking, which also calls for a change in how 
people conduct their work. However, aside from the organizational culture, the 
ability for change also hinges on the individuals. Individuals may perceive 
change as threatening, since they are often “…very comfortable with what they 
have, no matter how illogical or ineffective it is…” [42, p.91]. Nevertheless, the 
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process of renewal and change is important for any organization that aims to 
continue being dynamic, successful and innovative [42]. 
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Design Observations  4. 
In this chapter I present the results of this thesis, which are mainly drawn from 
in situ observations of design activities. This chapter, which provides an account 
of those studies and is divided into different sections that highlight selected 
aspects of design activities. Where possible, I have presented observations of 
these aspects as excerpts from design sessions using the format of ‘observatoons’. 
The pictures in of the observatoons are taken as snapshots from the video 
recordings of design sessions. The designer’s utterances are presented as speech 
bubbles and events are highlighted as text within these observatoons. However, 
these observations make no sense on their own and each observation is therefore 
accompanied by an analysis and a discussion.  

4.1. Refined Prototypes 

In Case I, the prototypes produced in the project were used mainly to verify 
that the assembly of the vehicle operates as intended, this prototype can 
consequently be considered as refined. However, the prototype was also used 
extensively for communicative purposes. The design team held a design review 
at least once a week at the prototype, involving many discussions across the 
team. Usually the discussions focused on the fitting of certain systems inside the 
vehicle. During the meeting, problems with the design were brought to 
everyone’s attention and design issues were solved. The discussions were fuelled 
by the tangibility of the prototype. There were much referencing to the 
prototype and the team focused on aspects and particular problem areas. Still, 
there was a problem for everyone to participate in the ongoing discussion. 
Usually the foci were inside the prototype, the mortar turret. Only two people 
could fit inside at the same time due to space constraints, and only these people 
could consequently partake in the discussion.  

The design review, Figure 5, served as the main discussion and collaboration 
for the design team. The prototype was used as a reference and the designers 
pointed at it, stepped into it, experienced it, looked at it from the outside, and 
touched it. All of these interactions with the prototype seemed to add to the 
shared understanding of the design.  
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Figure 5: An Illustrated figure of a typical design review at the prototype.  

The prototype were also used extensively between the design reviews. The 
engineers typically found it much better to meet at the mock-up to discuss 
emerging design issues that could not be postponed until the next design 
review. Here, it seemed that the tangibility of the prototype aided them in the 
discussion due to the ease of referencing. However, the design team did most of 
their office work away the main plant, giving them the disadvantage of having 
to travel to the prototype. Hence, a demonstrator, the mNode [75, 31], was 
built to prescribe a distributed method of enabling virtual visits to the prototype. 
The task was thus to provide a new tool for the design team to continue 
collaborating using the prototype, even though the team and the prototype 
were not physically co-located.  

4.1.1. mNode - a demonstrator for first person videoconferencing 

The mNode, Figure 6, enabled the design team to communicate and visualize 
the prototype at a distance. I refer to this as ‘first person videoconferencing’, i.e. 
through the system to share the view of the user wearing the system. Thus, the 
tool enabled the design team to be remotely distributed, and still view the 
prototype in a first person perspective. This way, people can join in from 
remote locations and view physical objects, as well as direct the user of the 
mNode to move around, to provide an alternative view of the physical object 
or the environment.  
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Figure 6: An illustrated picture of the mNode. 

In the workshop performed in case II, one participant expressed, “we cannot 
interact with or use physical objects”, when discussing distributed collaboration. One 
company also stated that the presence at a specific location is important to the 
work. In these cases, the mNode concept could work as an aid for sharing the 
visual world.  

The mNode offers virtual co-location through first-person 
videoconferencing, thus giving all remote users the same first person view. 
Remote users can also share applications with the mNode user. In case I, the 
mNode user, the mechanic, shared his first person view of the physical mock up 
as the remote user(s), the designer(s), shared their virtual model (CAD) through 
application sharing, Figure 7. Therefore, the system allows easy blending of the 
virtual and the physical. The designers were granted access to the physical 
information, while having the full potential of interacting with the virtual model 
in their CAD system. The mechanic has a similar experience. He has the 
physical instance, the prototype, in front of him, and the designer can share his 
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virtual model. Thus, he may be guided and both the virtual model in the CAD 
system and the physical model, prototype, may be used simultaneously to more 
efficiently update the common ground. 

   
Figure 7: The three modes of operation, as seen by the user of the mNode, from left 

to right: the transmitted video (first person view), the received video 
(remote user) and CAD data* received from the remote user.  

The mNode introduced a new place for design reviews; after the system was 
introduced the designers moved their design reviews to a conference room and 
connected virtually to the prototype through the system. This led to a change in 
the design reviews. All of the designers could then participate in the ongoing 
discussion compared to when they met at the prototype and only those situated 
inside the passenger envelope could partake in the discussion of their own part 
and not the entire design.  

4.1.2. Discussing refined prototypes and the mNode 

In general, prototypes created late in product development projects are more 
refined than those fashioned in the early design phases. This level follows the 
ambiguity of the task; the representations of the product are more refined as the 
ambiguity is lessened. Prototypes such as in Case I are often so refined that they 
operate like the final product is intended to work and can be used for 
verification. Because they are so refined, they are not easily changed and the 
opportunities to introduce innovations are therefore limited. Contrarily, early 
prototypes are often quick and exploratory. Prototyping is therefore used to find 
proof of concept and to learn something as part of the iterative design process.  

The study showed that physical artefacts could be manipulated and used by 
virtually co-located participants. However, the mNode could not convey haptic 
inputs, such as the weight or texture of objects. It was unclear what the 
implications of the first person view were on the collaborative efforts. The 
mNode offered users the ability to share the audiovisual reality with distributed 
partners. Although the visual world may in some cases suffice, it is not sufficient 
to convey an experience of prototyping. To find out what is necessary when 
prototyping, the start was to continue exploring how designers use prototypes 
with the purpose to verify how experience prototyping can be supported in 
distributed collaboration.  

 

*  For reasons of confidentiality, actual pictures from the mock-up cannot be published; hence, all pictures are 
illustrated or not related to case I. 
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4.2. Embodiment prototyping  

Embodiment as a prototyping is a fast prototyping strategy and provides the 
experience and insight that may be otherwise difficult to obtain. Two examples 
of embodiment prototypes from my studies are presented in the following 
chapter.  

4.2.1. Example one of Embodiment 

In this excerpt of a design session, the students are engaged in a creative session; 
they are currently elaborating on a concept that entails an automated toothbrush 
for elderly patients. 
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Figure 8: Embodying the concept of an automated toothbrush. The observations 

presented in the format of observatoons over three pages for clarity. 

The events in this example illustrate how the designers use embodied 
representations in their efforts to imagine concepts and to envision the 
experience. The event played out by ‘D’ uses his body to initially try to brush 
his teeth as if setting himself in the users perspective, experience brushing teeth 
and reflecting on how an elderly would do this. When ‘C’ sticks out his face, 
this action indicates that he not only recognizes, but he understands the 
embodiment ‘D’ has started, as well as builds on it together with ‘D’. Of note is 
also ‘A’. While ‘C’ and ‘D’ are building upon each other’s concepts, ‘A’ is 
sitting with his mouth open, really living himself into the communication. The 
event is finished by ‘D’, completing the prototyping by summarizing every 
embodiment into a vision of what an automatic toothbrush would look like, 
ultimately creating embodiment prototyping. 
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4.2.2. Example two of Embodiment 

One of the sub-groups, a team of four, gathered for a brainstorming session. In 
this session, a whiteboard served as a communal surface on which to sketch all 
ideas and concepts. The group mainly worked on a joint concept, which later 
proved to be their final concept, the Nösphere, presented in more detail in the 
case description.  
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Figure 9: The students were performing embodied representations to aid them in 

their discussions of the ball idea and its functions. The observations 
presented in the format of observatoons over three pages for clarity.  

As the designers made some rough sketches of the concept on the whiteboard, 
they used their own body to embody this concept in front of the whiteboard. 
Here, the designers share their vision about the concept, while the pointing on 
the whiteboard together with the hand movement that sizes up a potential ball. 
Essentially, they are using their arms and body to bring the prototype to life as 
they are, experiencing and embodying it. 
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4.2.3. Discussing embodiment prototyping 

Bodystorming and embodiment of concepts are used interchangeably with 
drawings of concepts in a creative session. Since design thinking is underpinned 
by the ability to imagine concepts before they are realized, the embodiment of 
concepts is embedded in the communication, adding to the creative flow of 
both ideas that build upon past ideas and of new ideas in an ideation session. 
The embodied representations add additional value to the communication, and 
may be interpreted as a form of prototyping – rough and rather early prototypes, 
but still prototypes. A bodystorm is created as someone embodies a concept and 
the group plays along, building on each other’s embodiment, as exemplified by 
the first excerpt. In this example, the students use these forms of prototyping to 
quickly test concepts. In this action, they question the concept as a plausible 
solution and also challenge the design task as they experience the concept from 
a user’s position. Here, the embodiment representations seemed to fill in the 
blanks and act as a way to lower the cost of communication, as well as provide 
the team with a method for communication.  

Designers use embodiment prototyping to gain additional insight, sense 
making and inspiration. The embodiment of the concept allows the designer to 
live the concept and gain a deeper insight into the conceived concept, often 
from a user’s perspective. In the first example, the students essentially bodystorm 
an automated toothbrush. At the end of the bodystorm, one of the students 
summarises what all of them have done by embodying a concept of an 
automated toothbrush, “you just…” He opens his mouth wide, leans his head 
forward and shows with both hands how an automatic brushing robot might 
work. This action allows him to experience the concept as a prototype. An 
interesting observation is that of another student; person ‘A’ has his mouth open 
during the bodystorm, as though he is imagining using the concept. In fact, 
during the culmination of the bodystorm when person ‘D’ is forming the 
embodiment of an automated toothbrush, all of the participants are looking at 
person ‘D’ as if they are appreciating the embodiment in an attempt to learn 
something from it. It is thus plausible that the rest of the group gains access to 
an embodied experience both by acting and by watching as the embodiment is 
played out. 

In the second example one designer, ‘C’, is using his body to understand the 
concept. ‘C’ is not actively participating of the conversation at the time, but is 
instead standing in front of the whiteboard and using his arms to make sense of 
the concept. ‘C’ enters the conversation by saying, “… and then …”. It is not 
his words that are interesting, but rather the way he is acting. ‘C’ is using his 
body to understand how the concept would work. In this action he is also sizing 
up the ball as an interface, as though he is putting himself in the position of a 
potential user. The opportunity is in embodiment of concept is in this case the 
experience. The designers perform embodiment prototyping as a form of 
bodystorming to gain additional ideas and seems to do a first individual 
evaluation based on their feelings as they are embodying the concept. However, 
the purpose is not only to understand the concept on your own, but also 
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communicate it to the rest of the design team. The second example continue 
by, ‘C’ is moving his arms saying, “… and the whole thing moves like that”. While 
he does the embodiment and seeks affirmation that this is correct, ‘B’ replies, 
“Yes… the whole thing”. Here it seems like they are sharing their view of how 
the concept would work, and simultaneously explore multiple options of the 
concept.  

4.3. Using Every-day Objects  

An observation of how everyday objects are incorporated in a design session is 
presented below. In this example, the students are gathered in a co-located 
meeting. During this meeting the concept of the ball interface is further 
enhanced by the team.  
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Figure 10: A Pilates ball is used to experience the dimension and the use of the future 

product. The observations presented in the format of observatoons over 
three pages for clarity. 

To explore the ball concept the students searched for the simplest way to gain 
insight into this concept, specifically getting a ball and experiencing how it felt. 
Hence, some of the students looked for a ball to help in the discussion of the 
ball interface, and returned with a Pilates ball. To prototype the spinning 
function, one of the students held the ball up in the air and encouraged the 
group to try out the interface and find a suitable axis. In this action the body of 
the designer together with the object became the prototype and everyone in the 
group could experience the prototype.  
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4.3.1. Discussing the use of every-day objects  

When objects or props are involved as part of the experience in an embodiment 
prototype, the designer performs interplay prototyping, since the prototype only 
lives in the interplay between the designer and the objects used in the 
experience. Hence, the interaction between the object and the designer is what 
underpins the interplay prototype. The ball itself is not an interesting object, 
because it is only a ball and in general, if you were to ask people what it was, 
they would either respond a big ball or if they knew anything about the 
workout form, a Pilates workout ball. What makes this ball interesting is what 
the designers decide to do with the ball. One of the designers pins the ball 
between his fingers, making an axis for the ball to spin around. With this action 
the ball is no longer a mere Pilates workout ball, but with the body of the 
designer, it becomes a version of the final product. Through this relative easy 
action the team is granted a first experience of the concept. These actions 
provided each member of the design team an insight into how potential users 
would react to the proposed product. In this action, the demands on the 
product are renegotiated.   

Through these actions the team does a quick prototype that allows them to 
answer an initial question, though roughly articulated. Do I believe that this is 
something here, is it worth perusing? The designers use a qualitative approach 
to answer the question and draw conclusions based on their own experience as 
well as the knowledge they have of how the user will perceive the concept. In 
this action, the designers not only consider the solution as part of a fixed 
problem, they also examine the problem in an attempt to put themselves in the 
user’s position. 

In the activity of prototyping, the rationale of the prototype is made clear. 
An interplay prototype, such as that described, is only a prototype of the 
concept as long as the designer uses it. When the ball is no longer pinned 
between the hands of the designers the prototype ceases to exist and the ball 
goes back to only being a ball. An outsider, who has not been part of the 
prototyping activity, would not view the prototype as a prototype of a concept, 
but as someone pinning a Pilates ball between his fingers. When doing interplay 
prototyping, the rationale is given through the prototyping activity. 
Consequently, it is the activity of prototyping that is most important, even more 
so than any artefact.  
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4.4. Spaces and Places for Creativity 

Consider Figure 11, below, what do you see? When adding context to this 
figure, it is a group of designers engaged in distributed brainstorming. This is 
not their first time brainstorming. Prior to this session, they had performed 
similar sessions both co-located, i.e. brainstorming in the same room, and 
distributed, i.e. the team is globally dispersed, as in this session.  

 
Figure 11: A distributed creative session with a global design team held in the Studio 

at LTU. 

Although this is a distributed session, it looks like the team is sitting in a circle 
around the paper on the floor with the whiteboard at the Stanford side. The 
students in Luleå form a semi-circle around their paper, facing the screen. Later 
in the session, the Stanford students put their whiteboard in the middle of their 
video picture. Therefore, if viewing from the Luleå side, the paper on the floor 
would be extended onto the video picturing the whiteboard, i.e. one surface is 
created with the students gathered around it.  

The Luleå team has the Stanford video on the big screen; this is the only 
view they have of the space on the Stanford side. Figure 11 also reveals the 
Luleå video (top right), which is the only view that the Stanford part of the 
team have of the space in Luleå. Of note is that Luleå can see the Stanford 
students, whereas Stanford only are allowed a view of the paper laid out on the 
floor. 
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Figure 12: An example of how the environment affects design activity. 
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In the example presented in Figure 12, ‘A’ seems to be acting as though the 
student from Stanford, ‘B’, is actually sitting where her image is projected on 
the screen. Notice the gaze from ‘A’; he is facing her as he would in a co-
located meeting and addressing her. ‘A’ is acting according to his perceived 
place. However, ‘B’ cannot see what he is doing from her position. In fact, 
none of the students at Stanford can see him, since the camera is facing the 
paper on the floor instead of him, making him visible as he faces her image on 
the screen. However, this does not govern his actions. Instead, I interpret the 
place to govern the actions. The place with the large projection of the global 
partners provides a rich sense of presence, where ‘A’ is acting as though the 
global team is present in the same space.  

In a co-located session, place and space are shared by the collaborating team, 
whereas in a distributed collaboration the spaces at each geographic site may 
occasionally not support the collaborative efforts. In the example above, the 
spaces may support formal meetings, but with limited support for creative 
activity, such as brainstorming. Thus, distributed brainstorming is far from fluid, 
and is hampered by both the constraints of the videoconferencing session and 
the spaces created to support the activity. To achieve a successful 
videoconference the participants must constantly be aware of the interplay 
between their actions and the system, i.e. where the camera is and what may be 
viewed or assessed at the remote site. This way of working is unnatural, it takes 
time to get use to and, in some cases, it disrupts the activities, making sessions 
unfruitful and frustrating.  

A videoconferencing session may be described at best as collaborating 
through a window connected to the space of the remote partners. The window 
may be larger, smaller, farther or nearer, depending on the fidelity of the 
communication technology. Videoconferencing might also be described as the 
equivalent of communication through a tube, which highlights the intrinsic 
limitation of only being able to point towards one area of interest at any given 
time, i.e. the camera can only capture so much. The communication flow of a 
videoconference is hampered by low fidelity and constant manipulation, moving 
camera objects or even microphones to accompany the audio. In a co-located 
meeting, these aspects are not a consideration because they occur naturally, e.g. 
an object may be referred to by pointing toward it and not by moving it into 
the view of one’s collaborative partner. Also, the use of gaze to catch someone’s 
attention is natural in a co-located session, though in videoconferencing 
addressing a specific person may be difficult as the camera position may be offset 
by the video, thus preventing eye contact. The mNode, a tool for first person 
videoconferencing, could not support the interactions between designers, 
because the tool does not show people, but is designed to focus on objects and 
the environment around the user of the mNode. In general, videoconferencing 
has limited support for multiple interactions and side conversations apart from 
the main communication. Consequently, the communication flow is not as 
natural as in a co-located meeting.  
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4.4.1 Spaces for collaboration 

The space most commonly used in companies for collaboration is the 
conference room, but there are also more informal spaces, such as areas for 
coffee breaks and such. However, my interest is the space where designers’ 
collaborate, which is often part of the more formal spaces for collaboration and 
is frequently in a conference room of some sort. The conference room, being 
the generic room for collaboration, thus has the task of supporting all kinds of 
activities, from information meetings to the creative chaos of a brainstorming 
session. Hence, let us look more closely at the conference room as a space. In an 
arbitrary conference room, a large table is in the middle of the room, perhaps 
oval, rounded or simply rectangular in shape and surrounded by chairs.  

 
Figure 13: A schematic layout of a general conference room. 

In addition, conference rooms are usually equipped with a flipchart, a 
whiteboard and a display surface, Figure 13. A whiteboard surface supports 
discussions through writing and drawing. The conference room may be 
modelled after a boardroom, where each elected member has a seat from which 
they state their argument. However, the place of the conference room does not 
necessarily promote highly coupled collaborative endeavours. A barrier can be 
found in the space itself. If people seat themselves evenly around the table, 
which they tend to do as the meeting is about to start, people seated on the far 
side of the table will then have to walk around to reach the whiteboard. 
Therefore, considerable effort is required from someone to stand up from his 
chair and walk over to the whiteboard and contribute. Instead, most 
conferencing supports sitting around the table. In fact, whenever people come 
to a meeting in a conference room, they do what is expected of them and what 
is communicated by the place, specifically take a seat in one of the chairs around 
the table. It is also the place that promotes people to stay in their seat 
throughout the meeting. Standing up sometimes disrupts the order of things and 
through this action, one often takes on the role of speaker, which is sometimes 
more than one intend. Small contributions, such as utterances or thoughts about 
something, cannot easily be communicated in this formal setting. On the 
contrary, a space that promotes participants to interact and contribute more 
easily is needed.  
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Despite this, a conference room is often the space of choice. It may be the 
environment that is most familiar to everyone. And anyone who has been in a 
meeting has most likely visited a conference room of sorts. Usually, these rooms 
all resemble each other, which may be the point. Most people feel comfortable 
in a room like this; they know what they need to do and how to act. 
Indications that point towards this are that when people enter a room like this, 
prior to a meeting, they usually sit down and chitchat with the neighbouring 
colleague and so forth. Meetings like these are often predictable and as such, the 
outcome of these meetings is also predictable. By nudging this orderly world, 
taking away the table and chairs and replacing them with something different, 
or at least out of the ordinary, would you then be able to predict what would 
happen or would the space become a place of inspiration or even innovation?  
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Demonstrators  5. 
The demonstrators are an opportunity, where the researcher can prescribe a to-
be scenario that can be disseminated to all stakeholders. The researcher also has 
the opportunity to evaluate and reflect on the impact of the demonstrator. In 
this sense, the demonstrator is a prototype of the research. This section presents 
two demonstrators based on the notion that space influences design activities. 
The first is a dedicated team room, the second is furnishing that are part of that 
room. 

5.1. The Boiler room – a dedicated room 

Inspired by the concept of a war room [51], the concept of a dedicated room 
for radical co-location was realized to work as a demonstrator. Key aspects of 
this room were flexibility and that the room should support collaborative work 
in front of a whiteboard. A group that uses a whiteboard together with sticky 
notes to aid in the discussion underpins some of our creative work. One 
advantage with a whiteboard is that the surface is communally shared and 
everyone can manipulate the context on the whiteboard. When the person in 
front of the whiteboard steps back, others are invited to contribute. Our 
research group found this way of working as beneficial for collaboration.  

The boiler room is intended to induce a ‘mental-split’ in the persons invited 
into the room. There are no ordinary table and chairs in this room; hence, those 
who want to sit down have to find something else to sit on. The room is 
divided into two zones. One supports highly coupled work performed on a 
whiteboard and houses furniture specifically designed for this type of creative 
work. The other is a more laid back space, housing a hammock and a couple of 
beanbags to sit on. The rationale behind this zone is to support discussions and 
reflections. The hammock provides for side conversations and participation by 
overhearing activities in the rest of the room, whereas the other zone supports 
more active discussions and creative activities. The team occupying the room 
can thus use different zones to change the activity, i.e. perform zoning between 
the different spaces. Accordingly, the boiler room, Figure 14, can be used for 
highly coupled co-located work, where the different spaces in the room create 
either a place for being creative or a place for discussion and reflection. 
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Figure 14: The schematic layout of the Boiler room.  

5.2. The Focin-Focout 

The creative zone of the room houses the Focin-Focout furniture, and is 
another demonstrator that I developed. The name Focin-Focout is an 
abbreviation of the furniture’s design, i.e. Focin for focus inward and Focout 
for focus outward, Figure 15.  

 
Figure 15: The Focin-Focout, focus inward and focus outward.  
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The prevailing idea behind the Focin-Focout is to support people engaged in 
active discussion around whiteboards, thus enhancing and supporting an active 
participation from every team member. Active participation is underpinned by 
ease of engagement, which is partly governed by the ease of getting up from 
where you are sitting and general aspects of movement in the meeting. In an 
ordinary conference room, people are used to sitting where they have sat and 
generally stay seated throughout the entire meeting. When those seated want to 
add something they typically ask the one in front of the whiteboard to add it. 
This may be the best thing to do in some cases, though when engaged in a 
creative session, this way of working makes people censor themselves and leads 
to fewer ideas that ultimately hamper the creative flow in the team. Another 
example of furniture is lounge chairs, which in general have a more laid back 
feel that often promotes relaxation and a more informal meeting style. 
However, this makes them even more difficult to get up from than the chair-
table in the conference room. None of these two classic furnishings supports nor 
promotes people to actively take part in a discussion in front of a whiteboard. 
Hence, the novel furniture the Focin-Focout is designed to stimulate and 
suggest active participation. 

 
Figure 16: The Focin-Focout in use in the boiler room.  

When Focin-Focout is arranged in an arc facing the whiteboard, the furniture 
suggests a zone that stands in-between the furniture and the whiteboard. This 
zone may be viewed as where the most activity is; from here a person interacts 
with the whiteboard by posting, writing, pointing or drawing. In this position, 
you do not actually sit on the furniture. However, the furniture supports people 
to take a step back to allow others into the active zone and gain some 
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perspective. To meet this way of working, the furniture is designed to support 
three basic positions, two of which are focused inward, the A and C positions 
depicted in Figure 17, and the third, B position, is a focused outward. 

 
Figure 17: The positions that the Focin-Focout supports.  

The Focin-Focout is intended to be positioned in front of a whiteboard, 
allowing for the arc design to create a focal point in a whiteboard. To find the 
A position, you take one step back. The furniture allows you to lean against, to 
jump up and sit on like a barstool or to use anywhere in-between. This position 
allows you to be close, but still lets others into the focal point to contribute. 
While the furniture is designed to support this kind of sitting/leaning, the intent 
is also to make it just as easy to get up and interact, and be part of where the 
action is again. The A position is where you have a quick reflection, have a bit 
of rest and get some perspective. It is also easy to point towards something on 
the whiteboard from this position; the main advantage is still the ease to get up 
and participate in the focal point again.  

 The C position is also focused inward, but to get to this position you walk 
behind the furniture and essentially use it as a bar, where people may rest their 
arms on the tabletop. This position puts you further from the whiteboard, from 
where you can easily observe the events occurring in the focal point as well as 
give comments. However, it is harder to influence the action, since this position 
is intended to support observation and reflection. 
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The third position is B, from where the furniture focuses outward (Focout) 
to the rest of the room, which in the boiler room is the zone for discussion and 
reflection. In the B position you sit on the inside of the arc as you would sit on 
a chair and table; in this mode the intent is to use the furniture to listen and 
overhear activities in the other zone. Accordingly, this position is not used 
primarily for interaction in front of the whiteboard. 

The furniture is built up of three identical modules that enable users to 
effectively arrange all the furniture to their liking. One example is to flip one of 
the modules to create an s-shaped form. 

5.3. Discussing the Focin-Focout and the Boiler room 

A team has to always have somewhere to perform their collaborative efforts. 
Hence, this kind of thinking and collaboration is always situated in an 
environment, in a space. The design of the space always affords action, 
intentionally or unintentionally. For example, a conference room with typical 
furniture is designed to prompt sitting around a table. But it is not only the 
space that dictates the action, it is the social rules that are layered on to the 
space. The lived experience of that space is considered in the concept of place 
[71]. The place where design is performed also affects the performance of the 
design team. Places matters, the activity are influenced by the place in which it 
occurs. Intervening in the physical space is a way to change the place. 
Therefore, space can be intentionally designed to create a place that lends itself 
for creativity.  

The Focin-Focout demonstrator was tested for more than a year. The faculty 
has often expressed their appreciation of the ambiance of the boiler room and 
the Focin-Focout furniture in particular. On numerous occasions, the students 
have also expressed their appreciation and have often wanted to borrow the 
boiler room. They find that the room makes them more innovative and enjoy 
hosting their creative sessions there. Workshops or courses that teach creative 
methods are often scheduled in the boiler room. At these occasions, teams using 
the boiler room perform better, since the ideas produced in the boiler room 
seem to be more innovative than those from teams working elsewhere, 
indicating that the boiler room and the Focin-Focout nurture innovation. 
However, more research is needed to confirm these initial findings. 

It may always be argued that moving about in the room does not add to the 
meeting, but rather only disrupts the meeting, since the meeting may sway from 
the agenda and become unpredictable and difficult to manage. This may be true 
in, e.g. an information meeting. However, the intention of the Focin-Focout is 
not primarily to support formal meetings, but rather meetings where the input 
of each participant is of value and the creative chaos and openness of the 
meeting propels the meeting forward. Typical meetings of this character are 
creative sessions, e.g. brainstorming.  
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From observations, it seems that the Focin-Focout does affect the place. 
Preliminary indications are that when people in the A position get a new idea, 
they slowly nudge off the seat and you can even observe what seems to be them 
preparing themselves as they sit back down momentarily. They then stand up 
and start sharing an idea that they just had, thus actively partaking in the 
meeting. The furniture seems to strengthen the open environment of a creative 
session, and creates a place that nurtures active participation and engagement 
from everyone. It also seems to be easier to contribute in a creative session if 
people are moving about.  

In a creative session the design team can be disturbed or stimulated by the 
room they are in. The room and its furniture also reflect a workplace culture. A 
corridor lined with offices provides limited environments for meetings. Hence, 
these kinds of environments afford limited interaction between the people 
working there. On the contrary, an intentionally designed environment may 
stimulate collaboration and discussions.  

A dedicated room, such as the boiler room, and furniture, such as the Focin-
Focout, are designed to support creative, highly coupled activity that a design 
team is involved in during the early phases of design. These demonstrators 
prescribe a place that prompts something different than sitting around a table. 
The Focin-Focout suggests a way of working; it focuses the work towards a 
whiteboard and allows for easy conversation among the collaborators so that 
everyone is invited to contribute. An active participation that is promoted by 
the place enables a design team to take advantage of the competences of the 
entire design team. The Focin-Focout may therefore influence the design 
activities in producing more innovative results. This is promising, though more 
research is needed. 
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Summary of Appended Papers 6. 

This section presents a summary of each paper highlighting selected results and 
conclusions. This section also highlights my research role and the extent of my 
work in each paper. 

6.1. Paper A 

Getting Physical – Interacting with Physical Objects in Distributed 
Collaboration, Mattias Bergström and Peter Törlind, 2005, In Proceedings 
of 15th International Conference on Engineering Design, ICED 05, p. 15, 
August 15-18 2005, Melbourne, Australia. 

This paper shows that industry uses prototypes to collaborate and communicate 
as the design progresses. A design team holds weekly meetings at the prototype, 
when the design is reviewed and the prototype is used to verify that the design 
works. All designers are welcome to join in and solve specific problems that 
may be flagged during these meetings. A mechanic responsible for the assembly 
of the physical prototype also assists the design team. In between meetings the 
mechanic and a designer communicate to solve issues, e.g. the mechanic can 
point out that a part does not fit in the mock-up. The designers use CAD as 
their main design tool; hence, they reside in their virtual world with their 
virtual prototype, while the mechanic has the responsibility of the physical 
instance that is the prototype. The prototype is used to verify that the virtual 
matches the physical as well as update the common ground in the design team. 

The paper highlights that physical instances such as prototypes still play an 
important part of design thinking, even though its virtual counterpart, CAD 
models, is readily available. In this paper, the mNode is prescribed as a tool and 
method to collaborate with remote partners, while retaining the ability to utilize 
physical artefacts as references in communication. The mNode system offers 
users first person videoconferencing, i.e. sharing of the remote collaborators view. 
Thus, with the introduction of the tool, some trips to visit facilities, prototypes 
or other physical instances may be avoided. The system offers users simultaneous 
sharing of the physical and virtual worlds. As an example, the users of the system 
can share a physical prototype, while remote partners can share a CAD model of 
the same prototype. The option to not travel also gives home court advantage; 
designers may stay in their own office with everything they use on a day-to-day 
basis readily available. A system such as this also offers a shared view of physical 
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objects to a larger group, where everyone can watch the same live video feed 
coming from, e.g. inside a prototype of a vehicle, when a large group would 
not fit in such a setting. Thus, a larger group may join in on the discussion. A 
limitation of the mNode system is that it does not support tactile information 
that may be vital for the appreciation of physical objects, such as the weight, 
surface texture, etcetera.  

6.1.1. Description of authors contributions in paper A 

My role was to conduct the descriptive study focusing on how work was 
performed prior to the introduction of the new tool. I also designed the tool, 
implemented it and did the descriptive study of the change, i.e. described how 
the mNode worked at the company. I also wrote the paper with comments and 
‘sanity check’ from my supervisor and co-author Peter Törlind. 

6.2. Paper B 

Examining Creative Collaboration in Distributed and Co-located Design 
Teams, Mattias Bergström and Peter Törlind, In proceedings of 16th 
International Conference on Engineering Design, ICED 07, p. 12, August 
28-31 2007, Paris, France. 

This paper reports on a descriptive study underpinned by the comparison of two 
creative sessions, performed in a co-located setting and a distributed setting. 
Four issues were examined and compared more closely. Firstly, the awareness of 
the physical environment that occurs naturally in a co-located setting. Although 
in a distributed session the awareness of the remote sites physical environment is 
low, it may be compared to looking through a window at your remote partners. 
The second issue was the use of body language and embodied representations. 
In the co-located session, body language was used to the extent where 
participants started mimicking each others’ embodied representations, thus 
creating a form of bodystorming where the participants build on the embodied 
concepts of others. The same kind of embodied representations were initiated in 
the distributed session, though due to the limitations in mediating technology 
the remote partners did not build on the representations and no bodystorming 
could emerge. Thirdly, side conversations were found to be naturally occurring 
in co-located sessions where they act as a way for the group to try out, explain 
and prepare ideas in parallel before they are presented to the entire group and 
discussed. In the distributed sessions these side conversations may only occur 
locally and may possible disturb the main communication. The fourth issue was 
shared surfaces. In the co-located session the group used one big sheet of paper 
laid out on a table to write on. This paper worked as a communal shared surface 
where everyone participating in the session had equal control. In the distributed 
session each side used a paper as in the co-located setting, though in this case 
only local access and a view of the shared surfaces was possible.  
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Besides the difference of co-located vs. distributed work this paper also gives 
valuable insights into how designers communicate in creative sessions. 
Therefore, the distributed aspects become more of a context rather than the 
main focus. Although the intention of this study was that the insights would 
primarily be used for the prescription of new tools and methods to support 
distributed work, they are also of key interest in the improvement of the co-
located design team’s ideation process.  

6.2.1. Description of authors contributions in paper B 

I conducted the observations and analysis behind this paper. However, I would 
like to thank Christian Johansson, who with me coached the students and 
helped with the cameras, as well as many fruitful discussions. I wrote the paper 
with some support and comments from Peter Törlind.  

6.3. Paper C 

Prompting Innovation: Dedicated Places, Åsa Ericson, Mattias Bergström, 
Henrik Nergård, Andreas Larsson, Peter Törlind, In Proceedings of the 2nd 
Conference on Nordic Innovation Research, December 3-4 2007, pp. 161-
173, Luleå, Sweden.  

This paper is underpinned by retrospection, i.e. reflections on our daily work 
and behaviour, and introspective reflective dialogues, i.e. reasoning about our 
rationale for certain behaviour. The work can be divided into two parts; the 
solitary work, often heads down reading and writing, and the work performed 
in teams in collaboration with others. In terms of supporting these two modes 
of working, we find that solitary work is best supported in an office 
environment, where the place conveys that individuals work alone and do not 
want to be disturbed. For collaborative work, it was found that besides the 
everyday mundane conference room, a space that differs from the conference 
room is also needed, a space that lends itself for creativity and radical 
collaboration. Thus, the demonstrator for a dedicated room, the boiler room 
was built. It is a space where those who enter it will find different; they will be 
exposed to the place and be inspired.   

As part of the boiler room, novel furniture was also devised. The rationale 
behind this furniture, the Focin-Focout, is also expanded upon. Motivated by 
the boiler room and a tiger team approach in academia, the furniture was 
designed to support co-located, collaborative, highly coupled creative work. 
The implementation of tiger teams is thought to reinforce, not replace the 
exiting work practice, but may also be viewed as a manifestation of our 
organizational culture. The introduction of the Focin-Focout also raises the 
topic of how to assess enhanced collaboration and creativity. 
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6.3.1. Description of authors contributions in paper C 

Although collaboration is found within our culture and everyone is a 
contributor, I was responsible for the design of the boiler room and the Focin-
Focout. Of note, Henrik Nergård worked very much on the realization of the 
Focin-Focout; he was my brother at the welding station and sewing machine as 
we brought the Focin-Focout to life. The paper was written by Åsa Ericson and 
myself with some input from the other co-authors.   

6.4. Paper D 

Needs as a Basis for Design Rationale, Mattias Bergström, Åsa Ericson, 
Madelene Larsson, Henrik Nergård, Tobias Larsson and Boo Renström, In 
Proceedings of the 10th International Design Conference, Design 2008, May 
19-22, 2008, pp. 281-288, Dubrovnik, Croatia. 

The work for this paper has its base in the NeedInn project, where different 
actors, such as users, municipality representatives, purchasers, researchers, 
Needfinder and designers, collaborate to create innovative new designs. The 
design process described is underpinned by Needfinding activities performed in 
the project. In this paper three workshops are described, and may be viewed as 
the embryo of more structured workshops that aim to promote innovation in a 
team. The paper highlights the collaboration of the design team, giving insight 
to the difficulty of communicating needs and design ideas in an eclectic team. 
This paper contributes to a need-driven innovation process. In the study it was 
found that probing user needs gave a rich and nuanced rationale for the 
requirements of a future product. Further, needs may be difficult to capture, 
since the capturing of needs is highly dependent on the designers capability to 
manage quantitative data.  

6.4.1. Description of authors contributions in paper D 

The foundation for this paper comes from the Needinn project, where I 
worked primarily as a designer. However, extensive discussions of how our 
need-driven innovation process could be described gave initial results that later 
evolved and were reported in this paper. I wrote the paper together with Åsa 
Ericson with some comments and input from the co-authors. Of note is Boo 
Renström, who gave valuable input as an industrialist.  
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6.5. Paper E 

Towards Virtual Co-location in Functional Product Innovation, Mattias 
Bergström and Peter Törlind, In Proceedings of eChallenges e-2008, 22-24 
October 2008, Stockholm, Sweden. Collaboration and the Knowledge 
Economy: Issues, Applications, Case studies. Amsterdam: IOS Press, 2008. 
pp. 806-814 

This paper has a twofold contribution. Firstly, the scenarios for collaboration to 
achieve functional product innovation were created. The participating 
companies supplied the need statements to these scenarios. Secondly, the radical 
innovation workshop was tested as a research approach.  

This paper reports on a workshop series with three Swedish manufacturing 
companies. The aim of the workshop series was to give the participating 
companies an opportunity to discuss their perspective on virtual co-location in a 
rich metamorphic way. The research team facilitated the workshops as well as 
analyzed the outcome. The result was three industrial criteria; ‘efficient 
collaboration’, ‘effortless setup of communication’ and ‘creating trust without touch’. 
These criteria must be fulfilled for the industry to accept and successfully 
implement collaborative technology.  

The workshop series was carried out mainly in a conference room at LTU. 
Besides giving insight into the needs of virtual co-location the workshop also 
provided for observation on how the space, the conference room, was used for 
collaborative work. It was concluded that the design of both physical and virtual 
workplaces can create barriers to true collaboration as well as promote and 
support collaborative behaviour. 

6.5.1. Description of authors contributions in paper E 

My work for this paper was both as facilitator and creator of the workshop series 
together with Peter Törlind. Credit should also be given to Andreas Larsson, 
whose participation in the workshops was of substantial value. I wrote the paper 
with some comments from Peter Törlind.  

6.6. Paper F 

Prototyping – a way to think together, Mattias Bergström and Åsa Ericson, in 
proceedings of the International conference on research into design, 
ICoRD09, 7-9 January 2009, Bangalore, India. Research into Design: 
Supporting multiple facets of product development, pp. 450-457, 2009.  

This paper describes the prototyping story of the Nösphere. With early 
prototyping the concept is not realised as a physical form, but a whiteboard and 
the embodiment of the designers are used to quickly evaluate, understand, 
experience and design an early concept prototype. To appreciate the shape and 
interface of the ball, they continue to prototype to learn which axis is beneficial 
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to use and what size ball is appreciated. The designers use a Pilates ball to 
achieve this. The designers continue the prototyping two weeks later with a 
clear plastic sphere from a light fixture of sufficient size, to be used as the 
projection surface. Here, they explore how to mount the sphere and how the 
image is to be projected using mirrors. This session, unlike the other two, is 
distributed. The Luleå students compare their concept with the Stanford team 
over videoconference. They are obviously hampered by the limitations of the 
technology, since they have to move around the camera to show the Stanford 
students what they want them to see. The group prototyped using some of the 
materials that would make up the finished prototype. As one of the students 
explains his proposed solution to the Stanford students, he uses his body, 
embodying parts of the concept prototype that is still to be built. As the Luleå 
and Stanford students show their respective prototypes, another student shows 
how they view that the prototype will be perceived by an elderly patient; 
hence, they experience the prototype that is still to be developed. In the last 
segment, the prototype is nearly finished and the students are discussing the 
interface and how the ball spins to change the picture. They also discuss how a 
click-function is to be integrated into the system.  

6.6.1. Description of authors contributions in paper F 

The work behind this paper comes from the same data corpus and observations 
as paper F. The idea behind the paper actually originated poolside in Cavtat at 
the Design 08 conference, where Åsa Ericson and I were discussing early 
prototyping. Consequently, for this paper, I conducted the analysis and wrote 
the paper with support and comments from Åsa Ericson.  
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Probing for Innovation 7. 
The main results of this thesis build on design observations, considered useless 
unless accompanied by an analysis and a discussion. Accordingly, this chapter is 
presented as a discussion. The outset of the thesis was to describe how design 
teams collaborate when unravelling the wicked problems of early design. Only 
by exploring the complex can the novel be found, because it is here that the 
problems yet to be solved lives. Hence, it is in the complex that the embryos for 
innovation may be found. Finding and grasping still unknown problems is 
difficult. Here, the concept of probing allows the design team to test, ideate and 
dig deeper into the complex. An example of probing is the action of using a 
stick to feel what lies beneath the surface of a muddy pond. You do not know 
what you will find but the only way to know what is in there is to poke 
somewhere. In addition, you do not really know where to try first but each 
attempt informs you on where to poke next. As the team does not know where 
the next innovation may be, the probes work as a feeler to essentially sense the 
design space before a response is taken. Thus, probing acts as an activity where 
each probe is an attempt to peruse what is yet unknown, thus informing the 
design team and rendering the path to move forward clearer.  

For innovation projects in the early phases of design, the design scope should 
not be limited but explored and accordingly widened. Therefore, a different 
prototyping strategy is needed, one that allows the design team to explore the 
design space and learn from the process. The design team has to convey 
perceptions, ideas, hunches, etcetera to each other, while retaining the ability to 
build on each other. This should be done quick and effortlessly and preserve 
ambiguity. 

For people, gestures, facial expressions and body language are examples of 
how we articulate notions and perceptions, which are otherwise difficult to put 
into words. A strategy that makes use of this and allows designers to utilize their 
imagination, preserve ambiguity, and not limit the scope of ideas is to 
incorporate embodied representations and interplay prototyping as part of their 
prototyping. In this type of prototyping, the body, objects or both are used as a 
way to express ideas and try out concepts to gain a personal insight, i.e. to 
understand the concept individually, and as communication within a team. 
Designers tend to use their own body, to perform embodied representations, as 
well as objects in their communicative efforts. A principle when communicating 
is to exert as little effort as possible. The cost of communication and the effort 
needed to make oneself understood, seems to be lowered, when this type of 
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prototyping is mixed with other forms of communication. Hence, embodiment 
representations and the use of everyday objects may be seen as a strategy to fill 
in the blanks in the communication.  

Designers are given the opportunity to reflect in practice when performing 
embodiment. Some design features are easily described through the body of the 
designers, embodied representation, or in the interplay between a designer and 
an object. An advantage of interplay prototyping is that the representations are 
loosely described. These imprecise descriptions of ideas give the rest of the team 
the opportunity for an alternative interpretation, which can be used to build on 
the idea or come up with a new one. A creative session is a highly coupled 
activity where what is conveyed by others should be used for inspiration to 
build upon creating variations, or even to come up with completely new ideas. 
Hence, creative phases of design are best performed by a team.  

7.1. A proposal for a prototyping model 

In divergent phases the team explores ideas and evolves them into concepts. 
However, the process does not stop there and teams often want to find things 
that cannot be expressed simply through the use of words or sketches. 
Prototyping is collaborative and starts when the team brings their concepts to 
life in some sense. Although in the early phases of design the difference between 
creating new concepts and prototyping may be blurred, I argue that teams are 
prototyping whenever they collaborate and experience a concept. This may be a 
quick process and the result may not be a physical prototype, an artefact, but is 
nevertheless a prototyping process. 

A design task is wicked, complex and not straightforward to solve or to 
communicate, and designers constantly need to refine and refocus the problem 
as part of the problem solving strategy. The boundary conditions for wicked 
problems are not set and are therefore continually questioned as part of the 
communication in a design team. Due to this ambiguity, a notion on how to 
solve the problem may be difficult to express within the design team. Aiming 
for innovation means that the design team has to accept dealing with ambiguity. 
People asking questions like: Why?, What? and How come? are necessary to drive 
these kind of processes. The capability to think outside the box and be 
innovative is underpinned by the ability of design teams to preserve ambiguity, 
especially in the early phases.  

Kurtz et al. [34] suggest that the problem solving strategy of complex 
problems is to probe-sense-respond, since there is no straightforward way to 
proceed when dealing with these wicked problems. I propose that probing 
supports the designer in exploring both the solution and the problem. 
Ambiguity requires the design team to keep an open mind and probe the design 
scope to know how to respond. Designers use probing to clarify relations, dig 
deeper into the design task and find the path to choose next.  
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The nature of probing is that it is intentionally explorative. Probing is not to 
investigate a solution, but rather explore several plausible solutions. Examples of 
how probing can be manifested are utterances of ideas, sketches, embodiment 
prototyping or interplay prototyping. Probing allows the design team to explore 
several problems, while still retaining the ambiguity of the design task. Probing 
is open to interpretation and belongs to the team to build on and to be inspired 
by. Thus, the individuals of a team inspire each other and to utilize this 
inspiration creative sessions should always be carried out in a team. 

Grounding [56], proposed by Clark and Brennan, is the creation of a 
common ground, i.e. a mutual understanding, a mutual belief. Grounding is 
part of all communication. I interpret grounding as a process that can be divided 
into the creation of an utterance and assurance that what is communicated is 
also heard or registered. If grounding is not successful, the utterance is modified 
and reiterated. These iterations render an understanding that updates the 
common ground, Figure 18.  

 
Figure 18: The grounding process in communication 

In the communication of creative sessions, the formulation of an utterance may 
instead be viewed as probing. The common ground would be then updated 
through the communication of probes. The effort of grounding is to update the 
common ground within the team, which in this process one communicates to 
make oneself understood by others. Hence, the goal of this process is to create a 
shared understanding. In a creative session, one of the underpinning actions is to 
build on others, a process that can be hampered if the effort is only to create a 
shared understanding. In the divergent phases of design, the intent is to produce 
as many ideas as possible rather than to converge and decide on the product. 
Here, creativity is an essential part and the team should inspire each other to 
boost their creativity. The effort should be to strive for an open session, where 
the team encourages the creation of probes.  

This is most easily achieved by acknowledging each conveyed probe as 
apposed to only hearing or registering them. The effort in these creative sessions 
is to create variations of probes or entirely new probes. The team then does 
more than grounding, with the aim to update the common ground and creating 
a shared understanding. Only aiming for consensus and a shared understanding 
does not necessarily support the creation of new probes. This effort for 
consensus can lead to groupthink that will limit the creative flow.  
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The team should instead perform a process that provides the inspiration 
needed to ideate new probes. In the interpretation of a probe, team members 
create a contrasting understanding, i.e. an understanding that lends itself for 
inspiration based on the difference of opinion and perspectives. A model 
describing prototyping is proposed, Figure 19, to shed light on the 
communication in early design phases.  

 
Figure 19: A model for prototyping communication, promoting the team to be 

inspired.  

The process starts with Probing, which represents the exploration of a solution 
and the problem. Probing explores the problem and gives a plausible solution to 
the design task at hand. Probes can represent anything from an utterance of an 
idea to an embodiment with or without objects. One example of probing is 
when one student makes the utterance “…a robotic arm”, while simultaneously 
using his arm to represent the motion of a robotic arm to embody the idea. In 
this action, the designer asks the team to consider this idea as a probe. When the 
idea is presented the designer simultaneously asks the question if the robotic arm 
idea is worth building on, consequently challenging the solution scope. 

The probes are used to Convey ideas, notions and feelings to the rest of the 
design team. The team is Acknowledging the conveyed probe. This is typically 
done as affirmative utterances or gestures. How the team acknowledges the 
probes is vital; here, the team can either acknowledge with enthusiasm bringing 
positive energy into the team or disrupt the process by being negative, thereby 
discouraging others to bring in new probes. A key element is the cost of 
communication, i.e. effort needed for the sender to formulate a probe and the 
effort for the receiver to Interpret. The interpretation of the probe renders an 
Understanding. In the interpretation the team may form a contrasted 
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understanding. The contrasted understanding may be seen as a waypoint or 
perhaps a crossroad, where the path can lead towards creating a shared 
understanding or towards even more divergent conflicting understanding, i.e. 
the team may either have consensus or conflict. In a sense, the contrasted 
understanding is where you step out of the comfort zone. However, it is also in 
this ambiguity that the team finds inspiration for the Ideation of new probes. In 
this process, the combination of objects and the body of the designer can prove 
useful. These types of representations are incomplete, and allow for a diverse 
interpretation and the creation of a contrasting understanding among the team 
members. The contrasting understanding also allows multiple cycles, while 
preserving the ambiguity. This provides the team with the opportunity to 
innovate. Typically, a shared understanding has evolved when there is nothing 
more to explore and no more ideas evolve on a particular probe. The team must 
then find inspiration elsewhere and the process starts anew. 

One example of a contrasted understanding is found in the second example 
of embodiment, when one designer says, “yea here… around here”. The other 
designer responds, “… and this is the axis, you got a little spin around. Yeah, that 
makes sense … and this whole thing can be tilted like this.” The first designer 
continues from this and makes the next utterance, “Also you can… if you are in 
bed… you can tilt it up very much”. The contrasted understanding as shown in this 
observation allows designers to ideate new probes, considered essential when 
teams build upon each other in an effort to create as many ideas as possible. 
Also, the probe differs from ideas in the sense that they are not just put out 
there; a probe does more as they are not only exploring a plausible solution, but 
also renegotiating the design task. An example of this is when the usage of the 
product, while in bed, is brought up as a possible need on the product.  

In the example of using everyday objects, designers use the ball to explore, 
essentially to prototype the product through the steps of probing (testing the 
Pilates ball pinned between two fingers), acknowledging (nodding in 
agreement) and understanding. The designers are creating a contrasted 
understanding, shown as they negotiate the size of the ball and a shared 
understanding as they agree that the concept is worth perusing.  

This way of iteratively exploring where the team builds on each other is 
exemplified in the evolution of the probe first expressed as “… a robotic arm”. 
This first probe evolved through multiple cycles to become the embodiment 
representation of an automated toothbrush. In these cycles, the team seems to 
use incomplete representations, such as embodiment representations or everyday 
objects, as a way to fill in the blanks in their prototyping communication.  
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Conclusions and Future Work  8. 
The research for this thesis has its staring point in what is, in the reality of small 
teams engaged in the early phases of designing, specifically when teams are 
exposed to wicked problems. In particular, the creative sessions, where ideas are 
conceived and built upon, was studied. This was done to find out how design 
teams explore and communicate problems (RQ1). Refined prototypes are 
typically used in industry for verification of the design. However, these types of 
prototypes provide design teams with limited possibilities for innovation. On 
the contrary a prototyping process that includes embodiment representation and 
interplay prototyping allows the team a rich basis for innovation. Based on the 
observations of embodiment and interplay prototyping, a model for a 
prototyping process was proposed. The model is based on the process of 
grounding and consists of three key activities, namely probing, acknowledging 
and understanding.  

I have found that; 

• Probing allows both the problem and plausible solutions to be explored. 
The nature of probing is that it is intentional and questions something, 
while suggesting a plausible solution.  

• By acknowledging the probes, the team can boost or disrupt the creative 
flow. A team should encourage and keep a positive atmosphere to allow 
for additional probing.  

• A contrasted understanding is used by the team as inspiration for further 
ideation. Contrasted understanding does not appose a shared 
understanding, it can be experienced as a waypoint, where a difference in 
perspectives adds to the creative flow of the team. Consequently, the 
differences in opinion are a source of inspiration. Through iterations a 
shared understanding is sought. However, if this leads to a conflicting 
understanding with disagreement and conflict between team members. 
Then, the team members might not have acknowledged each other’s 
probes. 

The prototyping process precedes the development of late, more refined 
prototypes. Thus, it is plausable that the product development process is layered, 
where the process of prototyping is one of the layers. Through the 
improvement of this process the design process can be improved. The suggested 
prototyping model adds to the academic base of knowledge on how designing is 
performed in teams, while future work providing tools, methods and 
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environments to support this kind of design process will benefit the industry in 
their design efforts. In addition my work adds an additional view to the 
grounding process [56] by putting forward the concepts of probing, 
acknowledging and shared understanding. 

In functional product development the ability to innovate is important, 
however the creative phases of innovation projects are difficult to perform in a 
distributed way across multiple partners. A distributed method of working, 
utilizing e.g. the mNode or videoconferencing sessions, is troublesome since 
there is limited support for e.g. side conversations and conveying interactions 
and artifacts simultaneously. Accordingly, I have also studied the physical 
environment, where creative sessions are performed, to understand how the 
environment affects the teams’ creative activities (RQ2). Here, my case to draw 
conclusions upon is not strong, though the development of demonstrators has 
indicated that an intentional designed room and furniture can; 

• Direct people to behave in a certain way,  
• Make people go in and out of work modes, 
• Bring people out of their comfort zone and make them more creative 

These indications are inspiration for future research, and in particular the 
direction of my future research efforts. More research is needed on how to 
design places for distributed work that affords creative collaboration and 
ideation.  

8.1. Future Work 

The first part of my research into these factors has already started, with an initial 
study of how the Focin-Focout is used by designers. The study indicates that 
furniture transforms the place, allowing for a more innovative and open 
atmosphere where all participants collaborate and a dynamic session can be 
performed. In the study, I compared the Focin-Focout to a session where an 
ordinary conference table and chairs were used. The results from this study will 
be presented in a forthcoming paper. This will be the starting point for the 
prescription of environments and furniture that promote a specific place, that 
suggests a mode of working, e.g. creative collaboration.  

The issue of how the performance of design teams can be measured is a topic 
for future research. Finding the key aspects to measure in a social process, such 
as the innovation in a team, is difficult. What are the keys to success? A 
successful product may have caused conflict and trouble in terms of 
collaboration, whereas a successful collaboration may not render any successful 
product. 

The model for prototyping can form the basis for further research to find 
measurements of success. Hence, the model will provide the basis for a coding 
scheme to analyse design activity. A promising aspect is to research how the 
design team receives the probing and what makes the team build on the probes 
as well as identifying what makes the team not build on them. One aspect can 
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perhaps be found in the way the design team receives the probe, an enthusiastic 
acknowledgement will most probably prevail a non-reception or if the team 
receives the probe with discontent. The aspect of a contrasted understanding as 
the basis for inspiration in a design team is also an interesting topic for future 
research. This research will provide insight that in turn can improve the 
performance of design teams with the introduction of new methods. A vision 
for the future is also to conduct real-time measurements of team performance to 
intervene in the design activities, thus improving the performance of the team.  

In the future, I would also like to improve the methods we use performing 
our work, i.e. research. In my studies of design, a prevailing research method 
has been to apply a qualitative approach of doing research, interaction analysis, 
which allows the analysis to inspire further analysis. As such, interaction analysis 
does not and should not allow for a measurement of the teams’ performance, 
instead it allows for insights. Therefore, something else is required to permit 
effective measurement of performance. To allow this type of measurement one 
must look for at quantitative methods; one such method is sequential analysis 
[76], which is underpinned by the creation of a priori devised a coding scheme. 
In applying sequential analysis, the design session is seen as a series of steps or 
sequences of small events. This allows for the design session to be quantified and 
measured with the use of a coding scheme [77].  

The introduction of a coding scheme allows for a quantitative analysis and a 
measure of design performance. However, we should not renounce interaction 
analysis. On the contrary, an interesting framework would be to mix the 
qualitative and the quantitative. Starting in the qualitative, doing interaction 
analysis to gain inspiration and insight to create a coding scheme. In turn this 
informed coding scheme could then be used for a sequential analysis to quantify 
the design process. This will allow researchers to begin in the qualitative, 
provide them valuable insight into the rich social activity that is designing, and 
then focus the quantitative, allowing for measurement as well as instrumentation 
and the introduction of a change to improve the performance of design teams.  

An aim of research into design is not only increasing the understanding of 
designing, but also adding tools and methods to instrument the design team in 
their endeavours. A step towards real time measurement of the design process 
may not be to finish with a sequential analysis, which can be fairly time-
consuming and add on the approach. Thus, after completing the loop of 
qualitative to quantitative, issues may be backtracked and an analysis of other 
design activities can be qualitative. This has the advantage of being less time-
consuming, while still being accurate and improving the design team 
performance with less effort. 
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Abstract 

In our view, close collaboration in joint work meetings has gained limited attention from 
universities. Our vision for promoting innovative forms of academia-industry collaboration is 
to bridging meeting content, goal and physical domains to facilitate the meetings and 
everyday interactions of creative and innovative teams. This paper provides an outline of how 
an emerging approach for team innovation encourages a reorganization of research and 
development work, as well as provides a new rational for the design and use of collaborative 
work spaces.  
The opportunity to dedicate a room, i.e., a boiler room, for creative collaborative meetings 
occurred when our offices was going to be refurbished. The space, i.e., the physical 
constraints of the room, was given. Structurally, it is a typical squared room, nothing 
remarkable about that. However, by observing and talking about our own collaboration and 
meetings a set of needs was identified. For the boiler room these needs was captured in the 
words static and flexible. On the foundation of these words the boiler room has been furnish. 
A furniture FocIn-FocOut was designed to guide people into different modes. The rationale 
for the boiler room has been made visible and thereby, also the notion of place as a cultural 
phenomena.  
 
Keywords: Collaborative work, collaboratory, work environments, meeting facilitation, organization 
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Introduction  

 
It is sometimes suggested that knowledge is produced collectively when people work together 
(von Krogh, Ichijo and Nonaka, 2000), and a common way to share information and 
knowledge is to gather people into a meeting. Nevertheless, the value of ‘collaborative’ 
meetings is from the point of view of participants seldom assessed and sometimes the 
perceived pointlessness of many meetings can be attested.  
 
If, as is commonly argued, globalization, information and communication technology, social 
and ecological sustainability and other issues are dramatically altering company strategy and 
evolution, then arguably it is time for meetings to evolve in line (Meetings International, 
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2007). Design of the meeting environment and design of the interactive processes are 

important parts of creating and maximizing the return-on-investment of meetings (ibid.).  

Giving attention to these aspects, it becomes evident that to enhance the content of meetings, 

these meetings and the environments they are held in have to be customized to be truly fit-for-

purpose.  

 

Certainly, the problem of the meeting, and how to enhance productivity has been the subject 

of some work. For instance, Streative Branding (Streative Branding, 2007) have suggested 

that dedicated whole day meetings in specialized environments which are designed to support 

a creative work progress can be effective. The meetings are referred to as Salon Sessions in 

which ‘mental split’ is an important concept. Mental split is to take people out of their offices 

(and comfort zones) and create an atmosphere where ‘everything is possible’ (Meetings 

International, 2006). Hence, there seems to be a benefit in changing the spatial location. New 

environments of this kind, it is suggested, create new levels of commitment, of focus, and of 

creativity. Furthermore, it is also argued that relocated and restructured meetings of this kind 

may introduce a level of democratization, whereby organizational status differences are less 

evident, and member contributions are more equal (Meetings International, 2007).  This is, in 

our view, a basic principle for enabling creativity, which in turn, seems like an assumption to 

nurture innovations.  

 

In distributed work research the physical workplace (Harrison, Wheeler and Whitehead, 2004) 

and dedicated team rooms (Covi, Olson, Rocco, Miller and Allie, 1998) gain interest. The 

latter are suggested to enhance team memory and work flow (ibid.). Thus, it seems like the 

interplay between the location, the design of the physical room and the structure in meetings 

might prove beneficial to productivity for innovative teams’ work process. However, 

opportunities for such meetings may be limited and constrained by the physical environment.  

 

Aiming to improve innovative work processes, technology or organisational change is 

sometimes seen as a solution. These solutions might call for a redesign of the physical 

workplaces, but often this is dealt with in a default way according to how we are supposed to 

work, e.g., heads down behind a desk and in meetings sitting around a table. Such 

reorganisation is rarely dealt with in relation to the multifaceted work of innovative team. Our 

interest, then, has to do with the creation and use of physical places in an academic office 

milieu which can facilitate a creative process for innovative teams. The opportunity to 

redesign our office environment has made it possible for us to describe how a new approach 

to academic collaborate work has affected the design rational for those environments, which 

is also the purpose of this paper. A particular focus on a collaborative meeting room is 

prevalent in this paper.  

 

Background 

 
An informal approach to collaboration and empowerment in meeting sessions are two criteria 

that seems to nurture creativity. This kind of culture cannot be made-up; it has to originate 

from the people working together. Hence, changing the design of the workplace does not 

bring about organizational or cultural changes (Harrison et.al., 2004).  

 

Within our research context, informal teams have evolved and collaborated in research 

activities. For instance, a planned informal approach to supervise doctoral student by a team 

of senior researcher, a structured collaborative work to write papers, cross-boundary 

discussions, design of presentation material. One of the problems inherent in this kind of work 



is ‘visibility’. A productive culture will need each new member, or new partner, both to 

understand how that culture operates and, in some sense, to commit to it. To facilitate this 

approach we have attempted to build on a model which is sometimes referred to as the ‘Tiger 

team’ model. Its inspiration is the field of collaborative engineering, and in particular it is 

incited by The Darpa Initiative in Concurrent Engineering (Reddy, Wood and Cleetus, 1991).  

 

The Tiger Team approach, which builds on people performing creative and collaborative 

work in small groups at a place separated from ordinary work, is identified as having a 

potentially radical effect on current work practice as well as calling particular attention to the 

use of our work environments. We, then, took the opportunity to inform the design of our 

office milieu when, serendipitously, refurbishment was in any case taking place. That is, 

aimed to design for an intentional change of work place to realize the Tiger Team approach 

and to take work progress and creativity into joint academia meetings. The recognition of the 

importance of organisational culture is one limitation in existing workplace design (Harrison 

et.al., 2004).  

 

Further, a vision to ‘live as we learn’ guides our divisional culture. Hence, early on we started 

to think about our work activities and observe our daily work. How do we use our office 

areas? What are they used for? How do we work? Where do we work? Who do we work 

with? When? Why? What are we trying to achieve? And, an unpleasant question, did we ever 

really collaborate, in the sense that we aim to support in our research? The study presented in 

this paper relates to our social thinking about our physical work environments and how that 

has influenced the design of them.  

 

Area of concern and methodology 
 

The area of concern is found within an academic setting and in applied research work. 

Interacting with representatives from companies affiliated to the research area is part of our 

work tasks. These interactive efforts take place locally at the university, at the companies’ 

places, as well as supported by technology. The academic environment gives us access to try 

out, implement, evaluate and enhance creative and innovative forms of collaborative work. In 

our case, a Tiger Team approach.  

 

To gain insights in our own activities, we applied a Needfinding approach (Patnaik and 

Becker, 1999) to identify needs related to us and our work environment. Needs were 

identified by observations and interviews, i.e., asking questions to our colleagues and vice 

versa. The questions presented above have been used. Needfinding provide rich contextual 

data about actions and behaviors (Patnaik, 2004). Accordingly, this provided data to make the 

design rationale for our collaborative areas visible. The contextual data also provided a basis 

for the development of a ‘creativity-support-furniture’.  

 

A motivation for this study is found in the belief that it is necessary to understand this logic to 

make an intentional application on other work environments, meeting strategies and 

interactive processes, i.e., to apply a Tiger Team approach into industry. 

 

The theoretical framework presented in this paper is used to explain and discuss our design 

rationale. 

 

 

 



Tiger Teams  
 

A movie (Sneakers) in 1992 made the term ‘tiger team’ known in the context of hackers 

breaking through computer security, not with the intention to steal data, but to highlight 

weaknesses of the computer system (Steffora, 1994). To make the system owner aware of the 

trespass, the hackers left evidence of their activities, a note, a message etc. Eventually, tiger 

teams were hired by organizations to check up the computer security, so tiger teams are also 

hackers that provide data-penetration services (ibid.). The group process of a tiger team in 

these services might be similar to what we are aiming for; however, the purpose to apply a 

Tiger Team approach is completely different.  

 

Another application of a namesake to tiger teams which relates to the idea of a specialized 

group performing a specific task is Cheetah teams (Engwall and Svensson, 2001)). The task 

for a Cheetah team is to solve unexpected problems that are threatening to delay or disturb a 

running project. A Cheetah team consists of a few selected people separate from the product 

development team (ibid.). The Cheetah team takes out the problem from the ordinary 

activities, thus they can focus their efforts on solving the problem and, by the same token, 

avoid disruptions in the running product development project (ibid.). Some factors that 

characterize a Cheetah team are that the team is always ad hoc, initiated for a specific mission 

and is dissolved when it has solved the problem (ibid.).  

 

The inspiration for our Tiger Team approach stems from a context of concurrent engineering, 

i.e., The Dapra Initiative on Concurrent Engineering (Reddy et.al., 1991). The approach was 

seeking to “…stimulate small-team interactions among people in large, dispersed 

organizations.”(ibid., p.26). The aim was to enable similar freedom of interaction and 

information exchange among these people as in a small team working in the same room 

(ibid.). The structure in this way of working emphasized instant communication with each 

other, accessing, sharing and storing up-to-date information in a transparent way (ibid.). A 

tiger team is “… distinguished by both a high level of coordination and a deep interpersonal 

dialog among the members.” (Pavlak, 2004, p.8). It is important that the members of a tiger 

team feel free to say what they think and that every member participates in a committed way. 

The physical place for a tiger team is, in some cases, suggested to be an informal living room, 

since such environment works better than a traditional conference room (ibid.).  

 

Tiger teams are not work groups. Information exchange and coordination are typical activities 

for a work group, e.g., a traditional staff meeting (Pavlak, 2004). A tiger team meeting is 

different from informative meetings. To be productive, such meetings insist on also 

facilitating a social process. 

 

Working in a Tiger Team 

The selection of participants in interdisciplinary tiger team groups is important. A tiger team 

must include people providing ownership and motivation to accomplish results, as well as 

providing integration of a diverse set of outside expertise to the mainstream project team 

(Pavlak, 2004). To be able to make all participants’ available information and knowledge 

explicit, all members must be given the opportunity to speak in meetings. The restricted air 

time must not be consumed by a few people (Ottenheijm, van Genuchten and Geurts, 1998) 

Therefore, creating a climate for rich dialogues are critical. A problematic situation is that 

people holding different competences and interests also speak different languages 

(Bucciarelli, 2002). 

 



Certain ground rules are suggested to provide team building, for example, listen for newness, 

staying loose until rigorous conditions count, questioning for understanding only (Pavlak, 

2004). Creativity is part of the Tiger Team work. Purposeful leadership is an essential part of 

effective tiger teams; one reason that these teams are rare is that the leadership style is 

difficult to implement (ibid.). In a tiger team, both content and process has to be managed; 

this requires a split leadership (ibid.).  

 

Perspectives on work 
 

In the 1970’s and 1980’s, drivers for building design were to reduce costs and design 

solutions. The design was relying on prescribed central standards (Harrison et.al., 2004). 1980 

is considered as a turning point, due to the introduction of the personal computer: “…the 

world of office work and office design was changed forever.” (p.9, ibid.).  A new work 

situation where technological innovations insist on alternative workplaces was, by the same 

token, introduced (ibid.). Work was affected by being enabled to take place in a wide variety 

of locations, within and/or outside the office building. This also made shared working 

settings, meeting rooms and other intelligent environments more significant (ibid.), because, 

even though people can work anywhere, they will still always choose to work somewhere 

(ibid.).  

 

Today, the office has changed to be “…not merely a place of information and control but a 

place for stimulating intellect and creativity.” (p.11, ibid.). Contemporary work environments 

should support creative thinking and combining of ideas (ibid.). In view of this, some 

limitations of existing workplace evolutions are identified (Harrison et.al., 2004). For 

example: 

 The amount and quality of communication, whether face-to-face or virtually is not yet 

sufficiently recognized.  

 Knowledge work and creativity are insufficiently taken into account.  

 

Work styles 

Diversity in work styles is important to understand for the evolution of workplaces. Four basic 

types of work styles are (Harrison et.al, 2004):  

 

 The sitting worker 

 The walking worker 

 The talking worker 

 Mixed types 

 

These types seem useful for design of workplaces for homogeneous knowledge work tasks, 

where the needs are rather similar. However, for complex knowledge work a deeper 

understanding is needed (ibid.). Complex knowledge work is described as including phases 

with different activities and job roles, as well as being challenging to workplace designers 

(ibid.). The collaborative knowledge worker moves between joint decisions or planning to 

individual, yet parallel, analysis of problems (ibid.). 

 

Zoning 

 
Zoning is one option to deal with two aspects of work, (1) needs related to a variety of 

activities, and, (2) individual preferences for concentration (Harrison et.al, 2004). A zone is 



an area designated for particular activities, for example, zones for informal communication 

and heads down work (ibid.).  

 

A dedicated project room can be seen as a zoning for collaborative work. The idea of bringing 

people together into dedicated rooms is to provide closeness of others and to facilitate face-to-

face communication in multidisciplinary groups (Teasley, Covi, Krishnan and Olson, 2000). 

The main principle is to enable interactive continuous communication (ibid.). In such a team 

environment, the team members have sidebar conversations, talk to neighbours, speak across 

the room and discuss in groups (Covi et.al., 1998, Teasley et al., 2000). Dedicating a physical 

room for a project team means that the team can run riot for a longer period of time (Covi 

et.al., 1998). The furnishing of the room and the technology needed are specified by the 

project team and their project. Looking into such a room, it usually appears rather untidy, 

flooded with project artefacts and boiling with activities. Usually, the team posts work 

artefacts on the wall to provide visibility of the work tasks and progress (Teasley et.al., 2000).  

The possibility to leave artefacts in the room helps the team to get into their work mode more 

quickly. From the knowledge worker point of view, working in dedicated rooms provides “… 

a number of advantages for teamwork, including awareness, implicit training, easy 

transitions from individual to group work, and motivation.” (p.60, Covi et.al., 1998).  

 

Within a dedicated room, all activities, performed by an individual or a team, becomes visible 

to everyone else in the room. Mistakes are no exception (Mark, 2002). This requires certain 

types of personalities. Working in this way you have to be, for instance, flexible, adaptable to 

an unstructured environment and able to monitor conversations (ibid.).  

 

Locale, space and place 
 

The concept of locales was used as a primary unit for the design to, by the use of information 

technology, support people working across space and time (Fitzpatrick, 2002).  A locale does 

not exist previous to space and place. It is created in relationships between people in a 

particular social world, the space and the available resources (ibid.). The use of locale 

emphasise people, their actions, interactions and resources needed for the practical 

accomplishment of work (ibid.). The concept evolved when it was observed that a group were 

“…better characterized by “individuals in multiple groups” who make use of a variety of 

physical and virtual spaces as places of work, and where notions of relationships around 

centers are more relevant than containment by boundaries” (p.145, ibid.).  

 

Harrison and Dourish (1996), elaborates on space and place, since they are not considered as 

meaning the same thing. Space is related to the physical room and gives the opportunity to 

something, e.g., meeting, concert, sport event, conference. Place is the understood reality, 

“…rooted in sets of mutually-held, and mutually available, cultural understandings about 

behaviour and action.” (p.67, ibid.). There are many similar spatial features, e.g., lightning 

and orientation, between a conference hall and a theatre; “… and yet we rarely sing or dance 

when presenting conference papers” […] “We wouldn’t describe this behaviour as “out of 

space”; but it would most certainly be “out of place”…”(p.69, ibid.). Harrison and Dourish 

(1996) conclude: “Place, not space, frames appropriate behaviour.” (p.69, ibid.). 

 

These concepts provide a window into our design rationale for our collaborative 

environments. Beside a social view, the concept of locales puts attention to the resources 

needed to perform the tasks, e.g., expertise, competences, furniture, displays. The structure of 

the space matters, but based on insights provided by Harrison and Dourish (1996) we can 



focus on place which can be designed for, but can not be designed in. Our vision was to 

design some of our offices areas for collaboration and creativity.  

 

Our former office environment  

 

Our former collaborative office environment consisted mainly of two meetings rooms, one big 

and one very small. These meeting rooms played a vital role for our collaboration. A typical 

workplace for us PhD students was, and is, shared with a colleague, thereby our offices is not 

doable to use as a meeting place. They are intended for heads down work. The big and small 

meeting rooms consisted of a table and a number of chairs. Approximately 20 persons could 

be in the big meeting room, and around 4-5 people in the small room. The big meeting room, 

A in Figure 1, had a large table and a lot of chairs. Based on how the table and chairs was 

positioned informative meetings, where one person at the time stands in front of the group and 

speaks, was supported in the room. It was also equipped with typical conversational props, 

such as a whiteboard, an overhead projector, a conference telephone, but, also a public display 

(plasma screen). From time to time, there were large groups in the big meeting room, but 

oftentimes the room was booked for medium size meetings, approx. 4-6 persons. The small 

meeting room, B in Figure 1, had a table and chairs, a public display (plasma screen). This 

room was mainly used for group discussions. In both of these rooms there was little space to 

move around in the room.  

 

Figure 1. The former collaborative environment.  

 

An observation that we made, was that when we, in a smaller group, had collaborative 

meetings in the big room, we usually gathered in front of the whiteboard. The whiteboard was 

frequently used by all participants to support an explanation e.g., drawing some sketches, or 

to support some creative session, e.g., brainstorming. This behaviour made us only leaning 

towards the table or sitting on the arm of the chairs. 



 

Besides these two formal meeting rooms, there was also a space, C in Figure 1, aimed for 

coffee breaks in our office environment. This space had a sofa and was frequently used for 

dialogues between us - senior staff and PhDs, but also informal conversation with visitors. 

Occasionally, this place was used for short formal meetings, in such cases when the other 

meeting rooms were occupied. The sofa was also used to do heads down work, due to some of 

us, from time to time, performed better in the light of sounds. Another reason was to overhear 

what was discussed, if the work at hand did not demand high concentration, such as reading 

emails, it was doable to sit and work here. As a curious fact, the sofa has been mentioned as 

invaluable for knowledge sharing and socializing in several prefaces in dissertations. This 

might be the place where our collaborative culture has its roots.  

 

Our new collaborative office environment  

 

After the refurbishment of our office environment, we ended up in access to four meeting 

rooms. The big meeting room is now even bigger, approx 30 persons, but are now also 

dividable into to two meeting rooms, A and B in Figure 2. These rooms are still aimed and 

used mainly for informative meetings. Two new small meeting rooms, or rather team rooms, 

has been built, C and D in Figure 2, to provide for quick access to a collaborative area. The 

former small meeting room has become a library, E in Figure 2, which was found as needed to 

provide for a quiet reading in isolation.  

 
Figure 2. Our new collaborative environments. 

 



A sofa for coffee breaks can also be found in the new office area, F in Figure 2. However, it is 

not used by any of us. Based on the observations done of the activities in the former sofa, we 

intentionally designed a space for informal communication, G in Figure 2. The rationale for 

this area is to support an in between meetings mode. Work activities which usually can be 

observed in a business lounge at a flight terminal have been the inspiration for this area. Here 

people visiting us can find a place to sit down and make phone calls, read documents, check 

their e-mails or prepare for a meeting. Besides coffee and newspapers for the relaxed part, 

wireless local area network and visible wall sockets (to recharge batteries for laptops and 

mobile phones) support work here. Further, in this space, there are two tables, one to sit 

around and one bar counter. The space is frequently used for short informal conversations, but 

the same activities as in the former sofa cannot be observed here. We have not yet found the 

reason for that. Since we have gone through a reorganisation, some reasons might be found 

there. Or, the sofa by the window is turned in the ‘wrong’ direction not inviting people in, 

thus not contributing to an informal mode.  

 

In addition to these spaces, one room has been dedicated to creative collaborative meetings, H 

in Figure 2. This room is particularly designed for Tiger Team work.  

 

Driven by a vision to make it really visible that this room is not a regular meeting room, since 

Tiger Teams are not work groups (Pavlak, 2004), the need to differentiate the room in a 

holistic way has emerged. Firstly, we have decided to call it ‘boiler room’, indicating that this 

room should be boiling with activities, thus also, when used the best way, appear rather untidy 

and flooded with project artefacts (Teasley et.al., 2000). Secondly, we wanted the furniture to 

support collaboration and creativity, i.e., to set a person who is not in a creative mode into 

such mode. Another intention is that, when entering the room, a ‘mental split’ (Meetings 

International, 2006) should take place. People should at a glance understand that this space 

expect something else of them.  

 

The space, i.e., the physical room, was constrained to be as it was - a typical squared room. 

Accordingly, to design a creative place, furniture and conversational props to support Tiger 

Team work was in focus. Two basic characteristics for the boiler room originate from our 

observations and interviews, static and flexible. Or, rather we elaborated on static versus 

flexible. On one hand, the furniture has to be fairly static since they are thought of as 

supporting certain modes and activities. People’s behaviour has to be guided by the furniture. 

On the other hand, flexibility was found necessary since the furniture should enable different 

modes and activities. People’s ‘flux of activities’ has to be supported by the furniture. There 

has to be a balance between static and flexible. The furniture has to be flexible enough to be 

able to customise for particular tasks. But, not too flexible due to the focus might be on 

rearranging the furniture rather than focusing on the task at hand.  

 

We described our vision and how we would like to behave in the boiler room for an interior 

designer. We wanted furniture that should support people to become comfortable and 

creative, and it should make people brave enough to try new ideas. Based on our description, 

he delivered a typical conference room set, a table and some chairs, some with wheels to 

make them flexible. Our description might have been poor, but looking in catalogues and on 

homepages, we still could not find what we were searching for. Hence, in the spirit of a Tiger 

Team, we decided to design the furniture we were looking for.  

 

Firstly, ordinary chairs are prohibited in the boiler room. This was based on our observations 

that we did not sit down when we were creative, that we used our body language to describe 



ideas and that we used the whiteboard a lot. Thus, an assumption that sitting down in chairs is 

likely to prevent creativity and participation frames our rationale. However, if we are going to 

work in the room for a longer period, we would probably like to sit down sooner or later. The 

idea to put in a hammock settee is based on the rationale that this makes the furniture different 

and support a ‘mental split’. We have had visitors going in to the room, and, direct curiously 

asked: “Why is it a hammock settee there?”. Happily, we can conclude that it serves one of its 

purposes; it makes people curious and interested. In this mode, they are encouraged to try it 

out. Further, the rationale for the hammock was to provide a place to sit to overhear 

discussions in the room, the sunroof on the hammock makes it feel like an individual zone. 

However, the rationale is also to enable side conversations, 2-3 persons can sit in down and 

talk. Also, to swing in the hammock, with your laptop in the knee is really a relaxed and 

appreciated way to check your emails. There are also three large soft sit poufs in the room, 

since they are large the can be formed as ordinary chairs according to the height. Thus, they 

can be used next to the hammock and provide a small meeting zone, for formal or informal, 

planned or unplanned conversations. 

 

Two of the walls in the boiler room have large whiteboards, in front of one of them stands 

furniture especially designed for creative collaborative work. This furniture allows people to 

focus on the whiteboard or to focus out from it; therefore it is called FocIn-FocOut. The area 

between FocIn-FocOut and the whiteboard is an active zone (A in Figure 3) making people 

participate actively on the whiteboard. Typical behaviour here is to stand, walk, leaning 

towards the FocIn-FocOut or writing on the whiteboard.  

 

The convex, focus out, side on the furniture (B in Figure 3) allows people to participate in a 

less active way, e.g., listening, put in comments and observing although working on a laptop. 

The furniture is dividable and thus flexible to different activities.  

 

 

A   B 

Figure 3. FocIn-FocOut, a focus in position is portrayed.   

 



The rationale for this furniture is that it should be possible to choose position due to activities. 

In a way, it is the position which decides activities; hence, in this sense FocIn-FocOut is 

static. 

 

One position, see A in Figure 4, sets the person in a highly active position towards the 

whiteboard. From this position it is easy to take a step forward and draw something on the 

whiteboard. The sitting position, see B in Figure 4, and the standing position, see C in Figure 

4, allows for a side conversation, perhaps a discussion about a drawing done on the table, 

since the table surface is also a whiteboard. From the sitting position (B) it is also possible to 

face towards the room and overhear what is happening at the other side. 

 
Figure 4. A variety of positions is supported by the FocIn-FocOut furniture.  

 

Within the boiler room, we have designed a number of zones, or places. In one direction, 

around the hammock settee, A in Figure 5, is a more individual zone, less active for what is 

taking place at the whiteboard on the opposite wall. The centre of the room, B in Figure 5, 

serves as a transition zone, where people get into a more active mode, either sitting on the sit 

poufs, putting in comments to the discussion taking place at the FocIn-FocOut. In front of the 

whiteboard, C in Figure 5, inside the concave side of the FocIn-FocOut furniture, a highly 

active zone is encouraged.  

 

The arrow marked X at right in Figure 5, show how the mode changes in the direction 

towards the whiteboard, from being less active, via a transition zone to become highly active 

and participative. The other arrow, marked Y, shows how the mode changes in the opposite 

direction.  



 
Figure 5. The boiler room and its zones.  

 

When a participant is positioned in the FocIn-FocOut with their back towards the whiteboard, 

this zone is perceived as a less active one. In this direction the transit zone might provide 

access to a highly active zone around the hammock settee if, e.g., an interesting unplanned 

discussion has ended up in an informal meeting.  

 

Concluding remark 
 

The aim in this paper was to describe how a new approach to academic collaborative work 

has affected the design rationale for academic office environments, in particular a 

collaborative meeting room, i.e., the boiler room. The new approach is based on the creative 

focus in Tiger Teams. The Tiger Team approach is not thought of as replacing the existing 

work practice, it is an additional work style. We still need our heads down offices. The Tiger 

Team approach is found particularly useful for creative collaborative work, but it is also 

challenging traditional meeting environments.  

 

We have had the opportunity to dedicate a room for creative collaborative meetings, i.e., our 

boiler room. The aspects of locales, space and place are taken into account in the design of the 

boiler room. The locales aspect has put attention to furniture, but is also found in the Tiger 

Team approach as particular competences needed to facilitate creative meetings. The 

understanding that space is different from place has contributed to a ‘3-D view’ of the room, 

i.e., our vision has to be conveyed in both humans and objects.  

 

A last remark, in industry, it is not doable to try out innovative methods in real running 

projects, but the affiliation with universities provides a safe playground. Thus, allowing us to 

run riot in a boiler room together and enjoy it.  
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NEEDS AS A BASIS FOR DESIGN RATIONALE 
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1. Introduction 

‘Customer orientation’ and ‘listening to your customers’ are statements that have come to dominate 
company strategies in the last decade, but the concrete practise of those strategies are not as 
straightforward as it sounds. Traditional market research, including, for example, surveys and 
interviews in focus groups are apt to capture those aspects of needs that customers can articulate. 
However, customers, it is becoming clear, cannot always express their needs adequately [Leonard & 
Rayport, 1997]. Further, lead-users [von Hippel, 2005], people that are ahead on market and innovate 
products themselves, is another approach to guide the development of new products. But, all people 
are not lead-users, either by not devoting resources to solve their own problem or, simply by not 
holding such competences.  
The study presented in this paper is based on the work in a European Union (EU) funded project called 
NeedInn (an abbreviation of Needs and Innovations) [Larsson & Larsson, 2007]. A main objective for 
the NeedInn project was to contribute to need oriented product development processes within e-health 
care for elderly. Those who benefits from the project are care givers, care takers and solution 
providers. The motivation for the project is the recognition of the potential benefits of a need driven 
process to identify unexpressed needs. Though, methods to identify and communicate needs into the 
development of products aimed for healthcare were perceived as missing. Hence, the purpose in this 

paper is to present and reflect on methods used in a running industrial product development project to 

identify needs. This is done to contribute to the advancement of a need driven product development 

process. The disposition of this paper is as follows. First, our methodology for this study is presented. 
Second, a theoretical frame for need identification is presented, i.e., Needfinding [Patnaik & Becker, 
1999]. Third, the practice of finding needs as it has been conducted in the product development project 
is outlined. Fourth, this way of embarking in product development is discussed to contribute to a need 
driven process.  

2. Methodology 

In general, background and empirical data for the study has been generated during the daily work 
within the NeedInn project. Observations (e.g., shadowing), participative observations and interviews 
have been performed. The context for the data generation has been participation in staff meetings, 
everyday work, scheduled focus groups and workshops. In particular, principles for contextual inquiry 
[Holtzblatt & Jones, 1991], has been applied. In short, these are, context is important, the users are 
recognized as experts of their work situation and the interviewer/observer should be aware of focusing 
a combination of assumptions, beliefs and concerns of a particular situation [ibid.]. For this paper, 
participation in three workshops with the design team and users, as well as follow-up interviews with 
representatives from the development company provide the empirical base.  
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The form of data generated by participative observations, participation in workshops and interviews is 

mainly qualitative, e.g., an interpretation of something in the context where it occurs. Qualitative data 

are aimed at producing a ‘rich’ and ‘contextual’ understanding of experiences, rather than 

scientifically verifiable results. The justification for such an approach is that it provides a rich 

understanding of rationale in a way that would otherwise be impossible using conventional methods.  

3. Needfinding 

Needfinding [Faste, 1987; Patnaik & Becker, 1999] is not a new phenomena, it is almost forty years 

ago since the process was adopted at Stanford University’s product design program. Needfinding have 

been implemented in a limited number of cases. IDEO, a leading design firm in the US is one of them 

[Kelley, 2001]. A basic principle for Needfinding is that product developers should interact directly 

with users in their own ‘natural’ environment to get direct insight into user’s normal, everyday 

routines. In our view, this is an opposite of participatory design approaches where the involvement of 

users can take place in ‘artificial’ environments, for instance in a usability laboratory.  

As the name, Need and finding, implies, this is an intertwined approach to find needs which are not 

readily articulated by users. In fact, the process has become more interesting during recent time, since 

qualitative methods have gained more acceptance outside the academic realm [ibid.]. The word 

qualitative indicates that what are sought for are qualities such as people’s experiences, what they 

perceive or interpret into a situation [Miles & Huberman, 1994; Patton, 2002]. Such data is 

contextually dependent, i.e., it must be generated in the context in which the phenomena occur.  

The objective, for applying Needfinding, is to make the identification of needs and design a seamless 

effort. Thereby, Needfinding is a task for a multidisciplinary design team involved in both studying 

people and conceptualizing new products. Needs are grounded in people’s activities and the solutions 

that meet the needs change over time, thus needs are more stable than the solutions, as well as provide 

opportunities for innovations [Patnaik & Becker, 1999].  

Needfinding is a process that is intended to be flexible and adaptable to the task at hand [Kelley, 

2001], and the principles are manifested in a four-stage process for studying people [Patnaik & 

Becker, 1999]: 

1. frame & prepare, involves decisions about, e.g., the scope or coverage of the project, the goal 

of the study and the definition of the people to be studied, 

2. watch & record, include observations and documentation, 

3. ask & record, include interviews, or simply asking questions, and documentation, 

4. interpret & reframe activities to interpret and analyze data to identify needs, which in turn, 

reframe the project scope or coverage. 

There is a range of methods and techniques for observations and interviews. Hence, the performance 

of the activities depends on the design teams’ familiarity with a number of methods and techniques, as 

well as an aptitude for socio-technical skills. The observations are better understood when visually 

documented, e.g., photos, drawings, video. The importance to use a combined effort of observations 

and interviews is because observing people alone cannot convey everything, asking people adds 

information. It is recommended to go through many quick passes to study people, rather than one long 

effort. Doing so, design work is allowed to advance in parallel with the Needfinding activities [Patnaik 

& Becker, 1999].  

4. The elderly-care home case 

Since the application area for the NeedInn project is elderly care studies has been performed, for 

instance, at elderly-care homes, home-care services, physiotherapists, general practitioners and local 

authorities responsible for those services. One person has been engaged as both a project leader and, 

initially, as the main Needfinder. After performing shadowing, observations and interviews at an 

elderly-care home, a number of interesting need areas were found. One of these areas was expressed 

by the nurses in terms of a perceived problematic situation of sharing everyday information related to 

the care of the elderly. Therefore, to gain insight into the identified problematic situation, a focus on 

such information was framed in order to perform an iteration of observations and interviews.  



 3 

It was found that, information about the elderly person’s daily situation was written down by hand in a 

case book. This information was mainly concerning the medical state. Information that had to do with 

the wellbeing of the elderly, but with little medical relevance was in general not documented. Thereby, 

not easily available. However, this information is of substantial value particularly for the care givers, 

i.e., nurses, but, also for relatives. Relatives find this information important because it tells them 

something about how their elderly relative is getting on. This information cannot always be provided 

by the elderly themselves due to, for instance, poor memory or difficulties to communicate. The 

relatives become dependent on the nurses’ observations and time to tell them something about the 

elderly person’s day.  

A staff information meeting was held every day between shifts to exchange information about these 

issues, e.g., if a care taker has been unusually worried during the night or if somebody is unusually 

talkative, thus needs special care additional to medical treatment. These staff meetings lasted up to one 

hour, time that the nurses perceived valuable to spend giving care instead. Information from these 

meetings was sometimes written down; however the nurses thought that these notes were difficult to 

read. Coming back after a time off or vacation, the nurses had limited possibilities to catch up 

information. Further, providing information for substitutes was found time consuming, but also 

difficult. The nurses said that this was because they have to rely on their memory. Some written 

documentation was stored in binders, specific information was, according to the nurses, difficult to 

find there.  

Framed by the theme information, the Needfinding iteration yielded a list of need statements: 

• Everything at the same place  

• Readily available and easily accessible  

• Indications of new information 

• Brief up to date information 

• Catch-up information  

Besides a need statement list, the Needfinding activities identified a number of key persons to invite 

into a series of workshops. These key persons were nurses and management from elderly care homes.  

The goal for the workshops was to make a number of quick iterations to identify and refine needs and 

to find solutions to the problematic situation.  

4.1 Workshop I 

In this workshop, the information sharing area was in focus. However, to avoid focusing on problems, 

the participants were encouraged to focus on advantages, benefits and usefulness. During this 

workshop and in relation to the need area, a documentation system evolved as a solution space. Thus, 

an issue which was discussed in the workshop was how information was put into and extracted from 

documentation systems. It was found that technological devices was used, i.e., computers, but also 

paper card systems.  

After this workshop, when a solution space was apparent and the needs became more visible. It was 

decided to assign a design team. Two designers were contacted by the project leader, these joined the 

project. Having two newcomers, it became important to set them up to speed with the insight already 

generated in the need identification activities. In an informal meeting, the design team discussed these 

issues, as well as the generated need statement list. Also, introducing the designers to the user context 

was utterly vital.  

4.2 Workshop II 

After introducing the designers, they were assigned the task to present the results from the earlier 

performed need identification activities. Besides assuring that the communication between the project 

leader and the two designers had been successful, the presentation was done to evaluate if the findings 

were in line with the participants view of the problematic situations. In this way, the participants could 

comment the findings, but also add thoughts which had been triggered since the first workshop. 

In general, the second workshop was designed as a future workshop [Kensing & Madsen, 1991]. The 

basic principle to interact directly with people and/or users is prevalent in future workshops. That is, a 

future workshop should include people who will get in direct contact with the product that is going to 
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be developed. A future workshop runs in three phases. First, a critique phase, to highlight specific 

problems about the practice, ‘as-is’. This phase generates a view of things to change. Second, a fantasy 

phase takes place to imagine a number of ‘to-be’ scenarios. This phase turns the result from the 

critique phase into positive ideas and generates preferred changes. Third, an implementation phase 

sorts out what changes that are feasible and realistic [Kensing & Madsen, 1991]. To get the most out 

of a future workshop a clear topic or theme is recommended. The themes were set by the project 

leader; they were information, documentation and dissemination. The workshop generated rich and 

deep data about the chosen need area, its context and perceived constraints. The critique phase, 

rendered in a list of need statements, this time more focused towards a technological solution: 

• Not an additional device to carry around. 

• Enter information vocally and/or by other input devices. 

• Extract the information individually or in groups.   

• A portable, mobile, discrete, small, ergonomic device. 

• Compatible with clothes (pockets etc). 

• High security-level – confidential information. 

• An input-information-reminder. 

• Snooze functionality for the input-information-reminder. 

At this point, several quick iterations had been done. Firstly, iterations were done by the project leader 

in the initial observation and interview studies. Secondly, new iterations were done within the, so far, 

conducted workshops. Each iteration makes the design space converge towards possible solutions. The 

result from this workshop was analyzed by the design team and rendered up into an idea for a solution 

based on verbal input. The decision for verbal input was made because it was in line with how the 

nurses actually did share information today. The project leader contacted a company specialized on 

speech technology to join the design team. Again, it became important to interact with potential users 

in their context. A third workshop was performed. This time the objective for the workshop was to 

create ideas and concepts for a product, therefore the third workshop was performed as a creative 

session. 

4.3 Workshop III 

The themes for this creative workshop were decided by the design team as verbal information, 

documentation and audible dissemination. The workshop started with a word association exercise. 

Such an exercise is fairly comfortable to perform even for people not feeling at ease with creative 

methods. Association exercises can be done in a number of ways, but in this workshop the participants 

was provided with post-it notes and pens. Every participant wrote down words which they associated 

to information sharing, the notes was posted on a whiteboard. This generated a map conveying issues 

related to the topic, spanning up a design space. After this, the participants could spend two votes (i.e., 

colored stickers), on what they perceived was the most important issue. The chosen issue was 

compiled and clustered into a new topic for a brainstorming session.  

The topic for the sessions was broadly set to ‘documentation support’. The participants were reminded 

of the rules for brainstorming – defer judgment, build on the ideas of others, aim for as many ideas as 

possible and there are no stupid ideas. To support the brainstorming session the participants were 

encouraged to make sketches and write down the ideas on sticky notes, these were posted on the wall. 

The participants were told to explain their ideas to the group when they posted it on the wall. 73 ideas 

came up, and these were clustered into categories. The categories were functionality, interaction, 

interface, dissemination, organization and artefacts.  

The participants were asked to make a quick and dirty screening of the categories, to find issues they 

thought of as essential and useful. This was discussed in terms of how they fitted into the daily work at 

the elderly care home. The issues, to ‘not have an additional device’ and that the ‘device should fit into 

pockets’ on the work uniforms were emphasized by the participants. 

4.4 A Dictaphone device 

The concept for a Dictaphone device appeared in the analysis of the identified needs. The contacted 

company could provide voice recognition software as a basis. Usually, such software is installed on a 
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computer or a laptop. At first, this was also the idea. However, the software was integrated into a cell 

phone based on the need statements ‘not an additional device to carry around’ and ‘fit into pockets’. A 

cell phone is part of the nurses’ standard work equipment, and had the functionality needed. Thus, the 

device is used like this. At the beginning of a shift, the nurse is prompted by the software to log in to 

the system. This is also an identification tag for who is entering what information, as well as bringing 

up relevant information for that nurse. Relevant information is based on at what place in the elderly 

care home that the nurse is currently working, but also on when the nurse was previously logged in. 

When logged in, both input of new information and checking up stored information is possible. When 

a nurse want to input information into the system, the cell phone is picked up from the pocket and the 

nurse speak directly into the phone. The information is transferred to a central server, indexed and 

stored. The Dictaphone device allows users to make verbal information input. The software translates 

the input into text while indexing it into categories, thus making it searchable. The indexed 

information can be retrieved as desired, either in form of text or as the original vocal information.    

5. Discussing a need driven process 

The task in need identification activities is to make needs visible and possible to communicate within a 

design team. It is our experience that need statements does not convey the need in terms of the chosen 

words. For example, ‘everything at the same place’ might be, when interpreting the words literary, a 

solution. By putting the statement into a context, needs can be discerned; nurses running into all staff 

rooms in an elderly home looking in binders searching for a particular document, getting more and 

more stressed and feeling uncomfortable with not spending time providing good care as they are 

trained and hired to do, ending up scribbling down information on a note. Such observed context made 

the statement comprehensible for the design team. On one hand, to be manageable in a product 

development process, an expression has to be decided upon. On the other hand, this makes it difficult 

to communicate the need statements to others; the context has to be told, too. Therefore, participation 

and interaction in either need interpretation discussions or direct interaction with users is necessary.  

Need identification activities, as described here, is not commonly used by product developers. It can 

be discussed that a lack of understanding for qualitative methods contributes to that. As a product 

developer a weight, a size or a degree of something are important measurements to initialise problem-

solving activities. However, need identification is not a problem-solving activity, rather an exploration 

driven by curiosity and an interest for human activities, as well as their worldviews, goals, efforts and 

means. An invaluable tool is questions like: Why? What? When? Who? With whom? A product 

developer is more trained to focus things. 

The two activities of Needfinding, i.e. identifying needs and finding solutions, became apparent in the 

need identification activities in this project. One track focuses on the identifying activities and is 

performed in the potential users’ context, the other track focuses on finding solutions and these 

activities are performed away from the users’ context, see Figure 1. In this project, some interpretation 

and categorization has been done in the user context, especially in the workshops. But, the major part 

of the interpretation and categorisation had been done in the collaborative analysis away from users. 

During this analysis the solutions has evolved over time. A number of iterations are done during 

activities in the user context. Each providing a base for decisions on the next step, as well as providing 

insights into new potential users and new contexts. Analysis is done away from the user context, i.e., 

when the generated material is processed and communicated within the design team. This can be done 

by discussing the material in relation to a context, as in the example above with ‘everything at the 

same place’. 

The zigzagged shaded line, in the middle of Figure 1, represents the interface between these two kinds 

of activities, at left, identifying needs in the user context and, at the right side, the analysis away from 

user which is the base for finding solutions. The Assessing box in the middle represent that need 

statements and need areas has to be grounded in the user context, but also communicated in a design 

situation away from the user context. The principle to make the identification activities and design 

‘seamless’ [Patnaik & Becker, 1999], makes it difficult to draw an exact boundary between what is 

done in the user context and away from it. Still, solutions have to be suppressed and not exposed in the 

user context until a number of iterations have been done. 
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Figure 1. An overview of the duality in Needfinding. 

 

Of course, there is a client for product development projects. The NeedInn project also had a client 

having a particular interest, i.e., e-health, which frames the need identification activities towards 

information and communication based products. Though, if the aim is new products, it is important to 

not introduce a solution or trying to solve the problematic situation until it is fully understood. If so, no 

difficult-to-articulate needs can be found, rather requirements which can be expressed in relation to the 

suggested solution. For example, in this project the speech technology company was engaged when a 

need area had been decided on after workshop II. In this case and due to limitations in time, one 

company was engaged, but it could have been possible to engage several companies which could have 

suggested different solutions on the same problem. In turn, such joint effort might lead to truly 

innovative products. 

It is important to frame and reframe [Patnaik & Becker, 1999] the need identification activities until a 

satisfying focus for the development tasks can be decided on. In this project, these frame and reframe 

activities was done after each workshop. Feedback to the users and into the user context is important 

to keep needs in focus. After each iteration, the needs and solutions become more and more focused 

towards a product. It is also our experience that a traditional approach to product development 

becomes a primary process in the latter part of a project. In order to reach a need driven product 
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development process ‘needs’ still has to be prevalent in the process. For example, trade-offs have to be 

based on what has been found in the need identification activities and potential users should be given 

opportunities to evaluate the product, e.g., in similarities to a participative design approach. 

Access to key persons, i.e., those who are thought of as directly affected by the potential product, is an 

issue which is important. Further, it is important that the person/s being observed or interviewed 

perceive that they are really providing valuable input. This is achieved by the design teams’ honest 

interest in what the users are doing and there truly interest to learn something from the users. When 

you, as a skilled problem-solver, think that you have the right solution on another person’s 

problematic situation, it is easy to say; “–this is not a problem, you just… “, and suggest a solution. 

Besides the fact that you as a product developer are not learning something from the users, this 

approach spoils any identification of needs. It might be possible to argue that a Needfinder is a role 

which facilitates the design team to engage in understanding of users based on their core 

competencies. A need identifying facilitative role can coordinate competencies in a multidisciplinary 

team towards identifying and communicating needs. This role seems to be separated from the role of a 

project leader, since one main task for the Needfinder is to direct communication in the team to focus 

on needs areas and needs statements.  

Traditionally, in product development ambiguity has to be minimized as early as possible. This is not 

the case when performing need identification activities; instead there is an intrinsic value in diversity. 

The objective is to increase the design space and open up for innovation opportunities. Thus, it can be 

argued that a need-based approach is particularly useful for innovative or new product development. 

But, also useful for improvement of existing products, since it provide insight into what improvements 

that are required by the users and, probing for needs gives a rationale for those requirements.  

The potential users become ‘alive’ and understandable due to the approach to strive for a visual 

documentation of needs. Also, this makes it easier to communicate needs to new members of the 

design team. Furthermore, a unified view of what to develop is likely to occur due to a collaborative 

effort in identifying needs and visualizing idea concepts. A shared view and understanding of what to 

develop is important within the design team, so that the diverse competences contribute to the 

potential product. It is our experience that a need-based approach provides such a shared view, since 

all ideas, solutions, concepts etc are connected to needs. This shared view built on understanding of 

users and their needs raises the possibilities for the product to be accepted and wanted before launch. 

In turn, reach the market faster. 

6. Conclusion 

In this paper, practical activities of Needfinding – an intertwined approach to identifying needs and to 

visualizing idea concepts – are the focus. These have been described based on an e-health project, 

where a Dictaphone device has been developed. This is done to contribute to a need driven product 

development process. The presented methods are strongly depending on a familiarity with managing 

qualitative data. This kind of approach is not straightforward to implement, due to sparse guidance, 

e.g., rough method descriptions. By practically dealing with identifying needs which are difficult to 

express and analyzing generated material to find solutions, the product developers become 

experienced, i.e., learning by doing.  

 

In the case presented in this paper, the process was driven by user needs, showing possibilities for 

implementation of a need-based approach into product development. One benefit that has been 

identified is that probing into needs provide a rational for requirements, i.e., those statements that 

users express. Another benefit of the study is indication of the role of a Needfinder as important to 

facilitate the communication of needs within the design team.  

Need identification activities make the design team truly committed to needs and give needs high 

fidelity throughout the whole process. However, in our study we have experienced that needs are 

difficult to capture into statements. Thus, studies on how to compile need statements into same level of 

abstraction has started. Further research concerning the use of creative methods in workshops, to 

encourage users to participate in need identification activities seems interesting. 
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The shift in industry towards the concept of Functional Product Innovation implies 
more joint efforts between the partners in a virtual enterprise, i.e. cross-company 
collaboration. Hence, new demands are put on collaborative technology. Insights into 

needs for both industry and collaborative design teams provide the possibilities for 

‘virtual co-location’ to be enhanced. Following an innovative workshop format, 

industrial criterions for collaborative technology were gathered from five Swedish 

manufacturing companies. During the workshop three scenarios were put forward by 

the industry as the most relevant; the design review, to on-site remotely collaborate 

with an expert and the day-to-day communication. These scenarios gave the 

opportunity for a rich and nuanced discussion between industry and academia, 

resulting in three industrial criterions on collaborative technology to support 

functional product innovation – efficient collaboration, effortless setup of 

communication and the capability to create trust without touch.  

1. Introduction  

In manufacturing industry a change is taking place, life-cycle commitments where the 
manufacturer takes extended responsibilities for the product in use has emerged. A life-
cycle commitment is contracted on the characteristic to provide ‘functions per unit’, e.g. 
power by the hour or thrust on wings [1]. This way of expressing what the product has to do 
is similar to providing services; thus, product development needs to be addressed in a new 
way. Joint ventures, partnerships and networks of collaborative companies are part of the 
solution to gain access to additional competence and share the increased risk, both needed 
for life-cycle commitments, i.e. cross-company collaboration [2]. In the research project 
presented in this paper, the new situation perceived by the manufacturing companies is 
referred to as Functional Product Development (FPD), with related areas being Product 
Service Systems [3] and Integrated Product Service Engineering [4]. The concept of 
Functional Product Innovation is also used when the function provider retains the 
responsibility for the physical artefact throughout the life-cycle. The provider also has the 
obligation and capacity to continuously improve the product through innovations.  
 The intention for manufacturing firms to develop physical artefacts as carriers of life-
cycle commitments implies that additional competencies and knowledge from joint venture 
companies are needed. Hence, an increased collaboration between partner companies is 
needed. However, in all cases, physical co-location is not practicable and perhaps not even 
preferable, since, for example, team diversity benefits the innovative process. Törlind et al. 
denotes true collaboration as: “where diversity and competences of the whole team can be 
utilized and where team members can think together rather than merely exchange 
information, opinions and divide work” [5, p11]. Thus, product development becomes more 
dispersed and the distances may vary, e.g., from the nearest town to other side of earth. 
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Today, product development is dispersed; usually, firms refer to this as global product 
development.  
 The members of a design team experience this by travelling to the sites of other 
members, where travelling is both time-consuming and expensive, and the demands for 
technology-mediated environments capable of supporting communication and collaboration 
in geographically distributed teams are raised. In the vision of FPD, companies have 
suggested that collaboration in design teams demand more joint efforts on a more frequent 
basis. Based on these insights, companies have a vision for cross-boundary collaboration in 
the form of a virtual product development setting, also referred to as a virtual enterprise, but 
might be experienced by the design team members as ‘virtual co-location’.   
 The design of both physical and virtual environments can create and reinforce barriers 
for collaboration, as well as support collaborative behaviours. As concluded by the EU 
funded framework programme Collaboration4Innovation [6], virtual teams are considered 
the most relevant collaborative settings in the future. Insights into the needs for 
collaborative design teams provide the possibilities for ‘virtual co-location’ to be enhanced.  

2. Objectives 

The main objectives are to identify issues related to product development activities for 
collaborative design teams in the Swedish manufacturing industry. Hence, the purpose in 
the study presented in this paper is to: identify industrial needs for co-located and dispersed 
collaboration in design teams to feed input into the development of ‘virtual co-location’ for 
Functional Product Innovation.  

3. Methodology 

The work described in this paper is based on the Scenario Based Design approach [7], 
chosen for its high potential to provide users an opportunity to express their needs as well 
as keeping them in the focal point for the research. The approach calls for the creation of 
scenarios, i.e. concrete descriptions of work activities. Scenarios are very flexible, allowing 
researchers to devise products and services that are highly innovative and address future 
ways of conducting collaborative work. Scenarios are used to provoke questions and ‘what 
if’ discussions. Problem Scenarios are descriptions of how users work today – what 
problems they encounter when trying to get their work done. On the contrary, Solution 
Scenarios are descriptions of a desired work situation of the future. Both scenarios should 
be solution independent, i.e. they should describe desired capabilities rather than the actual 
technologies that might be used to achieve those capabilities. A main focus is needs 
provided by the participating companies, as opposed to their desires for specific solutions. 
The rationale is that a need lasts longer than a solution [8]. For example, the need to store 
data has not changed much, but the solutions have varied from floppy disks to flash drives. 
The focus on needs also lends to a bigger solution space for the research than the expression 
of specific solutions. Needs from the participating companies are transformed into 
industrial criterions that focus and act as the drivers for the research.  
 The main data for this paper was generated in two workshops with participants from 
five Swedish manufacturing companies; the first workshop focusing on ‘Problem 
Scenarios’ – descriptions the current work situation, the second workshop focused on 
‘Solutions Scenarios’ – descriptions of a desired work situation of the future. While 
discussing these scenarios in the workshop ‘industrial criterions’ from the participating 
companies were identified. All quotes were given in Swedish, but have been translated into 
English for this article. To complement the workshops ethnographic methods [9] were used 
to follow both co-located and distributed meetings at two of the companies. A questionnaire 
was also sent out to all ten companies involved within the centre.  



3.1 – The Radical Innovation Workshop 

Several methods have been developed to enhance the collaboration between industry and 
academia through different types of creative workshops. Design or product development is 
often regarded as wicked [10, 11]. In innovative projects the starting position is blurred, 
since it is not clear what to design [12]. The aspects of the work preformed in the workshop 
may also be regarded as a wicked problem. To tackle and embrace this ambiguity the 
strategy is to utilize creative methods to promote new ideas and different perspectives to a 
given problem, while the goal is to aim for a quantity of ideas and perspectives and thus 
obtain a more nuanced picture painted by the participating companies.  
 Our solution, the radical innovation workshop, is a workshop format inspired by tiger 
teams [13]. To tap into the creative power of the workshop participants, we have found a 
need to change the meeting format from a traditional meeting style to a format that lends to 
more creativity. An open and welcoming atmosphere helps people feel more relaxed and 
thus more engaging and contributing to the workshop. The workshop format should also 
foster participation and interaction.  
 The radical innovation workshop is underpinned by the facilitator, whose role is to 
guide and facilitate the workshop. Of note, the facilitator is an expert in the process and the 
method used in the process, not an expert in the particular workshop topic. An important 
characteristic of the facilitator is his or her ability to create involvement, engagement and 
commitment. The facilitator guides the team in the most promising direction and explains 
and enforces the ‘rules of the game’. Besides guiding the participants the facilitator also 
ensures that everyone at the workshop participates actively without one person dominating; 
at the workshop all are equal and no input is worth more than any other. Other important 
characteristics include the ability to encourage people to step outside of their comfort zone, 
and thus promoting personal reflection. An extended discussion about the characteristics of 
a facilitator can be found in McFadzean [14]. 
 During the workshops several methods were used to find the real problems, and the 
needs behind them by tackle a wicked problem from a plethora of angles. The workshop 
process promotes participants to visually present ideas and solutions. To support this 
facilitation maps, large posters with printed methods, are used to guide the process, some of 
the methods are described below.  
• A day in hell asks the participants to draw from their past experience and present their 

version of a day in hell to the others in the workshop, i.e. when nothing worked or when 

everything went wrong. This is a type of storytelling that rapidly creates a common 

ground of the problem area. 

• The word association is designed to span up a solution space, create a common ground 

and an understanding of different views. Often a cross functional team uses a word in a 

vague manner, such as the word reliability, which may have different meanings for 

different people. In the exercise all participants associate words building on each other 

and on the central topic word.  

• Now, Wow! How? builds on the ‘future workshop’ proposed by Kensing and Madsen 

[15]. As used for early brainstorming, it is divided into three parts. In Now, participants 

are asked to describe their current problems, in Wow! participants try to describe a 

desired state – here no constraints are allowed, everything works, while How? is the 

implementation where the participants try to come up with ideas that can change a Now 

problem into a Wow!.  

4. Design and Innovation 

Design activities do not only entail concept formation and the evaluation of cost, sizing, 
etc., they also get people to share a common perspective and agree on the most significant 



issues [16]. Design is not only a solo activity; on the contrary, it is primarily preformed in 
teams, and the consequent social interaction between team members is a fundamental part 
of designing [17].  
 Design or product development consists of divergent phases, where the solution scope 
is expanded, and convergent phases, where the solutions are selected and refined [18]. 
During divergent phases it is beneficial for designers to create and maintain an open 
atmosphere that supports creative activities [19]. Supporting creative distributed sessions is 
difficult; Bergström et al. [20] found that support for creative activities in distributed 
sessions, such as bodystorming, is limited. In bodystorming the embodiment of concepts 
and the ability of participants to mimic and build on the concepts of others play an integral 
part of the creative session, which is preformed naturally in co-located sessions, though this 
communication is hampered due to the setting in distributed sessions [20].  
 Olson et al. [21] discuss the coupling of work and denote coupling as the extent to 
which communication is required by the work. Tools for distributed work were found to be 
more successful if introduced as an aid into a loosely coupled work environment than in a 
highly coupled work environment [21]. In highly coupled co-located work, i.e. dynamic and 
engaged teams in highly interdependent work, extreme co-location in war rooms is a 
strategy [22]. In the war room, the context is apparent from the activity in the room and 
team members are easily aware of what is going on based on what position other team 
members have in the room. Olson et al. [21] highlight that the spatiality of people and 
objects are of particular importance for human interaction in a co-located team. Objects and 
people and the role they play in the ongoing discussion may be indexed by location in 
space. Teasley et al. [23] found this type of co-location in a dedicated room to be beneficial.  
 Unsurprisingly, physical co-location offers a greater presence than virtual co-location. 
Harrisson et.al. [24] denote presence as ‘the richness of detail of about the other 
participants and the event itself that is available in a communicative event’. When meeting 
face-to-face a wide variety of information is available, whereas virtual co-location via 
videoconferencing may be described as looking through a window to the remote places 
where other team members reside. The window may be further away and smaller or nearer 
and larger depending on the technology. The goal of most emerging technology is to widen 
the window, i.e. increase the sense of presence. Wolff et al. [25] conclude in their review of 
tele-collaboration technologies that there are four significant challenges for future systems. 
The first challenge is to support consistent synchronous object manipulation between 
remote sites; the second challenge is to support the feeling of touch when interacting with 
virtual objects; the third challenge is to support a more realistic representation of human 
embodiment; and the fourth challenge is the integration and acceptance of tele-
collaboration technology at workplaces. The Collaboration4Innovation [6] framework 
emphasizes a basic need to improve the ease of use of e-collaboration. The tools must be 
intuitive and easy to use, with the aim for individual and collaborative work to be seamless 
without the user noticing the technology.  

5. Scenarios from the Workshops  

During the exercises from the first workshop, it was clear that while each company has 
technology and support personnel for, e.g. videoconferencing, the users still experience 
difficulties in using the technology, the most prominent being usability. The second one is 
robustness, where the users cannot be certain that the system actually works as intended or 
that the recipient party has compatible technology. In the workshop it became apparent that 
aside from these difficulties, the format of distributed meetings and the focus of the 
participants were a concern. Some quotes from the workshop; “there is only one 
video/audio feed”, “it is difficult to know who is speaking”, “we cannot interact with or use 
physical objects” and “the meeting starts late and no one is concerned with keeping time”. 



These statements and others were retained to fuel the discussion during the second 
workshop. During the first workshop three typical problem scenarios were identified and 
described,  
• The first scenario that emerged was design review. This meeting was flagged as a 

problem scenario, since it is a commonly held meeting. When the meeting is held off 

site, the current strategy is to travel to carry out these meetings. The support for holding 

them distributed is currently perceived as insufficient.  

• The second scenario builds on the need to be in contact with remote experts, i.e. on-site 

collaboration with a remote expert. One company expressed their interest to stay in 

touch with the main engineering department even when visiting clients. For some 

meetings an expert engineer is required to travel with the sales personnel, mainly as 

insurance for the party to be able to answer engineering questions. During many of 

these trips the engineer’s expertise were not required during the meeting. Another 

company described a common meeting in the facilities of a newly assembled industrial 

plant, which today are co-located, experts travel to the plant only to review a particular 

problem for typically less than 10 minutes. The basically these separate scenarios is the 

same – to on-site remotely collaborate with an expert.  

• The third problem scenario is the day-to-day communication between engineers or staff 

in general who are not co-located. Companies find that the geographical distance 

hampers collaboration and communication in general. 

6. Industrial criterions 

The second workshop focused on Solutions Scenarios – descriptions of a desired work 
situation of the future. The scenarios were discussed extensively at the workshop, thus 
sparking and further refining the industrial criterions.  

6.1 - Effortless setup of communication 

The possibility to easily create a communication session and communicate the right thing is 
present in all scenarios. Each company had experiences when their collaboration systems 
failed, rendering them unable to perform their work, either having to reschedule a new 
meeting or conduct a meeting with limited capabilities. When rescheduling a meeting, the 
meeting has to be postponed more than a week because it is hard to gather the same people 
on a short notice. In a project described by one of the companies, a delay caused by a failed 
and postponed meeting is unacceptable, due to the tight time schedule. A participant of the 
workshop stated; ”Some meetings are too important, we cannot allow them to fail. As a 
result, we resort to travel to make sure that the meeting is a success. If not, we stand to 
loose time and ultimately loose a lot of money or even a whole business case.”  
 Users are not interested in wrestling with systems, their interest is in doing their work. 
Hence, the derived industrial criterion is ‘effortless setup of communication’ which implies 
that the start-up of a collaborative session must be made as easy and natural as, for 
example, sending e-mail or answering the telephone. The communication must to be 
effortless, i.e. communication flows naturally, as it mimics the communication behaviour 
already established as part of a co-located design review.  

6.2 – Efficient collaboration 

Travel to and from meetings is seen as both positive and negative, one of the participants 
said: “To just reduce the travel by one-third would be wonderful then will have more time 
to do my work”. Travel was not only seen to have a negative impact on the efficiency of 
work, but also on life outside of work. “Travel takes a lot of my spare time, I sometimes 



feel guilty that I can’t take on more of the workload at home and help my spouse. It also 
limits participation in my children’s activities.”  
 However, those who travel less than once a month for their work generally view travel 
as a privilege. A typical statement was, “I like the amount of travel I do because it is fun to 
get out of the office”. Also other factors influence why people like international business 
travel. One company representative jokingly said, “Perhaps we could have a duty-free shelf 
for the videoconferencing room. That way people might choose to go there instead of 
travelling.” Besides tax-free goods, there are other incentives for going on a business trip 
such as frequent flyer points, points for hotels and rental cars. The points are often used for 
personal benefit. This may be a contributing reason not to change the collaborative 
behaviour.  
 Aside from loss of time due to travel, distributed meetings may prove more efficient. 
One participant stated, “Everyone is really happy every time we have a video meeting 
because they take up half the time that a normal meeting would take. You come more 
prepared and focused.” A general consensus between the participating companies is thus 
the industrial criterion for ‘efficient collaboration’. 
 The very essence of efficient collaboration is to use available resources as efficiently as 
possible; hence, remotely having the capability to collaborate with experts is a step in that 
direction. The next step is to incorporate the capability to collaborate on-site, wherever the 
expert is needed, thus ultimately using the expert’s time most efficiently similar to the 
scenario ‘on-site collaboration with a remote expert’. 

6.3 - Create trust without touch 

Another aspect of travelling to remote partners is the establishment of trust that is not easily 
gained through tele-collaboration systems. One participant said that he travels because, 
“...meeting people face-to-face is important to establish a personal relation, to understand 
them better and to create a common ground.” Another said, “A personal relationship is 
built when people meet in person.” As a strategy for Functional Product Innovation, 
creating trust with remote partners is crucial to gain access to additional competences, 
knowledge and for the collaborative networks to be sustained. In this context, companies 
and partners cannot afford to rely on existing distributed technology because relations may 
be in jeopardy if meetings fail. An industrial criterion was formulated to capture this need 
to in a distributed way, ‘create trust without touch’. 
 Lastly, that the collaborative technology lends itself to building and maintaining the 
relationship between partners so that trust may be created without face-to-face meetings is 
what underpins the industrial criterion to ‘create trust without touch’. The sharing of 
knowledge and on-site information, when remotely collaborating with an expert, may 
strengthen the trust between partners. An increase in day-to-day of communication will also 
lead to an increased trust between the partners of the virtual enterprise. However, a lack of 
trust often prohibits this communication on all levels or any other communication to begin 
with. 

7. Concluding remarks  

The radical innovation workshop format proved to promote a rich and metaphorical 
analysis of the wicked problems that companies perceive in their efforts to implement 
‘virtual co-location’ as part of functional product innovation strategy. The identified 
industrial criterions, viz. efficient collaboration, effortless setup of communication and the 
capability to create trust without touch, will act as a guide for future research. For the 
companies that participated in this study these industrial criterions are important for a 
successful implementation of collaborative technology for ‘virtual co-location’.  



 The intention is that the industrial criterions will be quantified into more tangible 
requirements on the collaborative technology. For example, ‘effortless setup of 
communication’ can be broken down to indicate that technology is seamlessly integrated 
into the surrounding environment so that the potential of these technologies is perceived by 
users as continuously ready-at-hand, and effortless to activate and use. In this study it 
became apparent that, aside from the industrial criterions, the format of distributed meetings 
and the focus of the participants are a concern. Also of note, the design of both physical and 
virtual workplaces can create barriers to true collaboration as well as promote and support 
collaborative behaviours and relationships. 
 The next step is to use these identified industrial criterions for e-collaboration as a basis 
for experimental research. The research will be manifested in a research ‘collaboratory’, at 
Luleå University of Technology [26], designed to enable experiments and observations of 
team collaboration. The environment enables the research team to replicate and observe 
remote collaboration, while retaining the capability to observe both ‘local’ and ‘remote’ 
team simultaneously.  
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Abstract: The descriptive study presented in this paper is based on the 
empirical data generated by observing a global student design team. Their 
prototyping process are described and discussed to feed input to the facilitation 
of team based innovation. The emerging of a shared design vision as early as 
possible is vital for the subsequent design activities, in particular for innovation 
projects. Every day items, body language and simple rough prototypes are used 
by the student team to communicate their ideas, to generate feedback on the 
ideas and to put forward new ideas. The study indicates that the process of 
doing rough prototypes enables designers to make their implicit understandings 
visible in such cases when the development starts from scratch, e.g., 
innovations. Thus, prototyping, i.e., the use of rough prototypes and body 
language etc, assist designers to collaborate and share experiences in early 
phases when no agreed upon design vision exists.   

Keywords: Prototyping, Innovation, Engineering Design, Design thinking, 
Early phases 

 

1 Introduction 

Generally, the Voice of the Customer (VoC) [1] is expressed as requirements on existing 
products, where the customer can for example, rank features according to their 
preferences. But, the VoC can also be fuzzy and elusive. That is, customers might not be 
able to express their needs, since these needs are commonly perceived as a problematic 
situation where every existing solution does not solve that situation. Customers cannot 
adequately express such needs; however they are important for innovative and new 
products [2]. ‘Being visual’ is a recommended approach when these kinds of needs are 
generated at the customers’ place; therefore photos and video clips are used to show 
human behaviors [3]. Still, the process to go from these insights of customer behaviors to 
a new product is far from trivial; rather it has been found that the practice of 
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communicating needs within a design team is a challenging task [4]. In an innovation 
project, needs provide the design team with the basic knowledge of the users, the context 
and their goals. Several perspectives within the team support the generation of new ideas, 
but, also, becomes a difficulty in the communication and the creation of a shared design 
vision.  

The creation of a shared understanding of what to develop and insights into how that 
product should meet the customer needs depends heavily on a dynamic dialogue within 
the design team. For engineers, things, objects or tangibles are in mind and included in 
their ‘natural language’. Language and words are commonly used by designers to 
transform everyday things to early on describe and become representations of abstract 
objects [5], for example products that do not yet exist. In Italy, “vasca di pesce” or fish 
bowl was used within a car design team to describe the area where the windscreen wipers 
sit and runoff is directed [6]. Besides metaphors, people make use of more aspects than 
words and context to interpret each other’s intentions and to derive meaning of the elusive 
contents of the dialogue, e.g., utterances, eye movement, facial expressions and body 
language [5]. In short, the process of interacting with things and objects has a rich 
communicative value in the collaborative design work [7], they help focus thoughts and 
the topics of discourse [8], and gesturing with physical objects enables design thinking [9, 
10]. Hence, including objects or prototypes in the design process is vital for the team to 
improve their performance, but the type of objects and prototypes that are used have 
different effects on the communication. Some prototypes nurture a dialogue of the holistic 
design vision for radical innovation projects and some support the team to focus on 
features of the product in incremental innovation projects. Traditionally, in engineering 
product development, the actors are acquainted with and have well established methods to 
embark from an existing product and make improvements on that product. But, if they are 
facing a situation where there is no existing product to start from, as in radical innovation, 
their training that has focused on problem-solving might be a barrier. How to start from 
‘nothing’ to do ‘something’? What is the design problem? And, how can the vision of that 
design intent be supported? 

In our research context of engineering design, it becomes interesting and vital to gain 
insights into how design teams apply prototyping to communicate and build a shared 
design vision. Hence, the purpose in this paper is to describe and discuss the prototyping 
process in a team based innovation project. The effort in the description is to highlight 
prototyping, rather than prototypes (rough or preproduction). The overall aim, for future 
work, is to get insights that feed input to the facilitation of radical innovation projects and 
to the use of information- and communication technology for geographically dispersed 
teams. So far, the enabling role of technology highlights that it has to allow the teams to 
act as if they were in the same room [11].  

The disposition of this paper is as follows. First, the method used for the study and the 
case (the student project) is presented. Second, the concept of prototypes and prototyping 
is shortly outlined. Third, the empirical results are presented and discussed, and fourth, 
the paper ends with a conclusion and suggestions for further work. 

2 Method 

The empirical basis for this descriptive study is found within a global team-based 
innovation project conducted by master students from Luleå University of Technology, 
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Sweden and master students from Stanford University, USA. The study reported on in 
this paper is based on ethnographic methods, namely observations. Access to the student 
project has been enabled by being teachers, coaches, in the Swedish course, however the 
contents in the student project has been ‘owned’ by the student team, and the design 
process has been performed under realistic conditions sponsored by a client. The student 
project has been followed for about 8 months, i.e., during the whole course. Data has been 
continuously generated during both collaborative co-located and collaborative distributed 
meetings. The students’ collaborative activities have been videotaped. The analysis of the 
students design activities has been supported by ‘field notes’ when watching the videos.  

2.1 The student project and the Nösphere 

A European Commission-funded project called NeedInn (from needs to innovations) has 
been acting as the corporate sponsor for the student project and supplied the initial task; 
innovative products with a focus on the wellbeing of patients, to be implemented in a 
newly built and high-tech enabled elderly care home in Sweden. The frame for both 
NeedInn and the student project has been Design for Wellbeing [12], which focus the 
development of products for people with physical limitations and/or people facing other 
constraints. Wellbeing as a concept has more to offer than merely remedying problems of 
specific disabilities. One basic element in Design for Wellbeing is to provide added value 
for people, enabling them to increase their active participation in society.  

Four students from Sweden and four students from USA formed a global design team. 
Due to the fact that the students have participated in organizationally separated courses, 
they had to, for the reason of proper examination procedure, develop their prototypes and 
products respectively. The teams in Sweden and in USA have identified customer 
information; the interpretation of that information and the translation into needs has been 
a collaborative effort. In the every day work, the geographical distance has been partly 
bridged by using videoconferencing technology, shared online workspaces, email etc. The 
design teams have also visited each other. In particular, the face-to-face meetings and 
workshops was planned and performed in the beginning of the project.  

Initial information to the students was that they were going to develop ‘something’ 
that would help increase the wellbeing of elderly persons. The Swedish team studied 
elderly persons at a retirement home and found that “nothing happens, they just sit in 
their chairs or rests in their beds”.  In relation to additional information, for example that 
pictures and photos triggers memory and help people who suffers from dementia to 
communicate, the idea to develop a product that enabled activity and communication 
emerged. The finished product, named the ‘Nösphere’ [13], is a novel design where 
pictures are projected on the inside of a big plastic ball, and to change pictures the elderly 
spin the ball. The product stimulates the tactile movement and the mind of the elderly. 
Caregivers or relatives can upload images, by this, individual and personal pictures can be 
displayed and the elderly can stay in touch with current events in their lives and in the 
lives of their relatives.  

3 Prototypes and prototyping 

Commonly, in manufacturing industry, two or three product ideas are represented by 
prototypes. These prototypes are often in the state of preproduction, that is, they look like 
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products ready to launch. The goal when developing such prototypes is to capture the 
functions and appearance of the finished product. These prototypes are used for customer 
testing and evaluation, and provide useful for the customer to rank the products or the 
features. But, it can be argued that prototypes of this kind constraint the communication 
in the design team. “The more ‘finished’ a prototype seems, the less likely its creators 
will be to pay attention to and profit from feedback” [14, p. 87]. The use of such 
preproduction prototypes in early stages is, by hampering the communication, also 
preventing the team to innovate.  

In the early stages of innovative product development, rough prototypes are 
suggested. These rough prototypes should be as simple as possible, for example in the 
development of a new device for surgery, a designer took a whiteboard marker, a film 
canister and a clothespin and taped them together to visualize how he had interpreted the 
customers information [15]. Hence, every day items are used as stand-ins for more 
complex or abstract ideas to enable dialogue. And, the goal of prototyping “…isn’t to 
finish. It is to learn about the strengths and weakness of the idea and to identify new 
directions that further prototypes might take.” [14, p. 87]. Accordingly, numerous of 
rough prototypes are suggested to convey, e.g., a feeling, the user experience or to learn 
from. Beside objects, the body is used to animate and visualize ideas, i.e., embodied 
representations [16]. Embodiment of ideas is, hence, a method of prototyping. To support 
communication and prototyping, creative methods are suggested [17]. For instance, 
bodystorming [18] is useful to gain knowledge for how a product can be used.  

4 Communication in the student team 

In the following section the work within the student teams are presented. The prototyping 
process, i.e., how body language, items etc is used, is visualised by images extracted from 
the videotape and the prototyping activities are discussed in relation to the presented 
excerpts.  

4.1 Embodied representations in front of the whiteboard 

In this collaborative session the Swedish student team was visiting the USA team at 
Stanford University, hence this describes a face-to-face co-located meeting. Before this 
session the team had developed a simple prototype based on the idea of a ‘scroll of 
parchment’. The elderly was thought to interact with the product by using their hands to 
scroll a canvas, but the teams discovered that elderly people has inflexible, soft and dry 
hands so it was impossible for them to among other things, gain enough traction on the 
surface to use the device. The idea for a ball evolved in the reflections of that prototype. 
So, in this session the teams had just started to explore the ball idea.  

The global student team use a conference room to perform a brainstorming session. 
The room has ordinary furniture, huge table, many chairs and a whiteboard. The 
brainstorming rendered up in a joint concept, at this time all students had gathered in front 
of the whiteboard. They were drawing sketches and discussing new ideas. One student 
reconfigured an idea by adding a new feature while simultaneously explaining: ”we have 
a rod here that holds this… and a hole here”. Another student jumped into the discussion 
and builds on the idea: ”…well the access is here… so the hole is here… so the rod is in 
this…” pointing on a specific spot on the sketch. The first student responds by nodding in 
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agreement, and adds a new feature; he draws a ruff mechanism on the whiteboard next to 
the primary idea. To show how the mechanism would function, he uses his hands and 
moves them to show that the mechanism will tilt the ball. Yet another student enters the 
discussion and tries out with his hands directed towards the whiteboard how the motion 
would look like. As he moves his arms in a circular motion, he says: “the whole thing 
moves like that”. The student who has added the feature replies “Yes… the whole thing 
would flip like that.” 

 

Figure 1 Students using embodied representations to discuss the ball idea and its functions. At 
the top, the student shows the motion of the tilt mechanism. 

The dialogue between the students in this session shows that they explore how the 
ideas would fit into a concept. The embodiment representations initialize the development 
of a physical prototype, in essence they are ‘experiencing’ the function of the tilt 
mechanism and the ball. However, the prototyping process in this session provides a basis 
for what to build. During this session, the use of embodied representations helped create a 
shared vision of the design intent. This interpretation is supported by the turn-taking in 
the conversation, where one student explains an idea, another student clarifies how he has 
understood the explanation and finally, yet another student shows how the concept would 
look like. That is, they were adding to a shared idea of the design, rather than questioning 
each others ideas ending up in a number of distinct ideas. The size of the ball was a topic 
in the next session (described in 4.2), but already here a vision of the size had emerged 
since they ‘measured’ using their hands. Further, using sketches on the whiteboard 
enabled the whole group to participate in the discussions and contribute to the idea 
generation. The embodied representations that were used extended and improved the 
arguments for a particular feature, but did also enable all to experience the design idea.  
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4.2 Experiencing the design of the ball 

In this second session, the students are again gathered in a co-located meeting. During 
this meeting the idea of the ball is further enhanced by the team. In particular, the focus 
was to discuss an interface that was meeting the need of being as simple as possible.  

The session started with a short discussion and reflection of what was learnt during 
the previous brainstorming session. Talking about the idea of a ball, the students started to 
talk about the dimension of the ball. They have by the testing of the ‘scroll of parchment’, 
identified a need for the product to be fairly large to compensate for the elderly persons’ 
limitations in fine-tuned movements. Also a fairly large surface to display the images 
contributed to the idea of a large ball. A Pilates exercise ball was available in the room, 
and two students started a side-conversation using the ball to experience the use of a ball 
in that size. After a while, the students used the Pilates ball to show the rest of the group 
what they had discussed. One of the students held the ball up in the air and encouraged 
the group to try out the interface and to find a suitable axis. 

 

 

Figure 2 The use of available items to prototype interaction. A Pilates ball is used to experience 
the dimension and the use of the intended product. 

 
In this session, available items were used as part of the prototyping process. The 

Pilates ball enabled the team to experience the size and the interaction with their intended 
product concept. Moreover, a ball pinned between two hands made it possible to 
experiment with the axis on which the ball could swivel around. Comparing how the 
students used the embodied representations in the previous session, and the chosen size of 
the ball indicates that there was a tacit and shared vision for the dimensions of the ball. 
Going back to Figure 1, the student is actually showing a tilt mechanism, but the distance 
between his hands is almost as if he is holding a Pilates ball.  
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4.3 A physical prototype emerges and experiences are shared 

In the third session, the student team has started to develop more rigid prototypes to prove 
the feasibility of their idea. This session is distributed and is performed by the use of 
videoconferencing technology.  The team is in this session discussing what materials they 
have planned to use. The teams should respectively develop a physical prototype and the 
access to materials differs between Sweden and USA. They also elaborate on user needs 
and how the work with the prototypes will be performed.  

The Swedish student team had found a plastic ball that, in their opinion, had the 
dimensions that they had agreed upon when using the Pilates ball as a prototype. The ball 
is showed for the USA students; however, as they communicate through videoconference, 
they cannot judge the size of it or the hole at the bottom of the ball. A USA student says: 
”Put the ball on your head…”.  The Swedish students all respond: ”It won’t fit”. ”Put it 
on your head, astronaut style…” the USA student persisted “…we all tried that with our 
ball.” A Swedish student puts the ball on his head and says: ”Look it does not fit”. 
“Wow… that is a small neck…”, the USA students reply, having the opening on the 
bottom of the ball in mind.  

 

Figure 3 A Swedish student uses his head to help the distributed group judging the opening, the 
neck, of the ball. 

The students continued the session discussing the position of the technology that 
should be used to display the pictures and the solutions for the swivel function. At this 
point, when starting to envision a product, the need for space in front of the ball so that 
people in wheelchairs can use the product was also a concern. The ball is placed on a 
simple rack to convey the agreed axis and to enable a discussion for how to mount the 
technology. The students use their hands to show and to emphasize their arguments.   
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Figure 4 Interacting with a rough prototype to discuss solutions and identify new ideas. 
After discussing the Swedish prototype, the USA students used their prototype to 

share what they have learnt. They had experienced a technological problem. “Using just 
one mirror means that we need a projector that opens up much. The problem here is that 
a lot of the times the image may hit the bottom of the ball right here, and the image on the 
top side becomes disrupted”, while explaining the USA student used his hands and their 
prototype to visualize the problem.  

  

Figure 5 The USA student (on the screen) explains a problem. 
The communication style in face-to-face meetings (two previous sessions) and in 

distributed meetings (this session) shows a major difference. Naturally, the dialogue is 
more dynamic in a group that are gathered in the same room and interacting with a 
common prototype. In these meetings the teams acted like one team. In the distributed 
meeting the turn-taking changes (you first and we later) and the sense of two teams 
emerge. In this study the development of two prototypes might contribute to this, but it 
also seemed like the technology ‘by default’ set the students into that mode.  

The team members suggested the use of their body as a reference for assessing the 
size of the ball and other objects. But, the use of the body was sometimes constrained by 
the technology. For example, there were some problems when the students forgot to hold 
their hands in front of the camera, the other participants remarked that they did not see, 
and the student that was explaining was interrupted and seemed inconvenient. In such 
cases, the focus moved from the prototyping to the adjustment of technology.  
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5 Prototyping - thinking together 

A shared design vision or a shared understanding for what to design and how it should 
meet the identified needs is important, but a challenge for collaborative teams. The use of 
rough prototypes in early stages support design team to communicate ideas and drives the 
process towards a product concept. In radical innovation projects, there is, early on, 
usually no or very limited insights of the product at hand. Hence, it is not the prototype as 
such that is of interest but rather the prototyping experience, especially the negotiation, 
the sharing of knowledge and the creation of a shared understanding.  

The use of every day items and the body makes it swift to put forward numerous of 
ideas, thus, not constraining the dialogue to focus on one solution. Since the prototype 
looks far from finished the team members are encouraged to provide feedback to evolve 
the ideas. In a prototyping process like this, experiences and implicit knowledge becomes 
visible and can be discussed. The rough prototypes and the body language becomes 
means for this transformation, and the invested effort for the prototyping is just as much 
as necessary to trigger a dialogue. However, the items are given other meanings during 
the sessions, after the sessions and for people outside the team they are still just things, in 
this case, e.g., a Pilates ball, not a Nösphere product. The prototype thus exists only when 
the designers are communicating their ideas by using it. The knowledge sharing with 
members of another project or into the organisation becomes problematic, calling for 
consideration of how to document the prototyping process. Also, to gain experiences and 
learn from rough prototypes a designer has to take active part in the dialogues, following 
the turn-taking by listening, sum up, explain and add new ideas and so forth.  

This is a highly flexible process and any technology that aims to support the 
prototyping process has to take this into consideration. Further, in a distributed and 
technology supported setting, how to supply for useful items? Is a ‘gadget-box’ 
containing similar items enough? And, if so, what items should be included into that box? 
Such a box might even hamper creativity spurred out of the moment? And, finally, to 
simultaneous support designers that are working in dispersed teams to experiencing the 
design as in a prototyping process where embodied representations are used, it seems like 
science fiction has to be the inspiration. 

6 Conclusions 

In this paper the work within a global student team has been observed for the purpose to 
describe the prototyping process and the use of rough prototypes in a team based 
innovation project. This is done to get insights into prototyping in radical innovation 
projects. The starting position in innovation projects is vague, yet a shared design vision 
is vital for the subsequent design activities. The focus here has been the use of rough 
prototypes, e.g., every day items, body language and simple physical prototypes. In this 
study it became apparent that the prototyping process provided for a shared design vision 
or shared understanding to evolve within the team. That is, the process of doing rough 
prototypes enabled the students to experience design and to make their implicit 
understandings visible. A conclusion from this study is that prototyping, including the use 
of embodied representations, support the team members to widen the design space by 
building on each others ideas.  

In this study we have focused our efforts on the prototyping process in the team. 
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However, we have noticed that the environment, for example the conference room, did 
not always support the creative and flexible workflow. The table and the chairs was not 
used, the students was gathered in front of a small whiteboard in a corner of the room. 
Here, an interesting research question emerged; what kinds of environments support a 
prototyping process? Of interest for our future work is to perform a quantitative study on 
the effects of place and space on creative work. Also, for future research the interaction 
between sketches and embodied representations is an interesting aspect to elaborate on.  
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