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From the Guest Editors

We are delighted to introduce the second of two special 
issues on the theme of Innovation in Living Labs. The 
February issue is the seventh in the series of special is-
sues of the Technology Innovation Management Review 
focusing on living labs (McPhee et al., 2012; McPhee et 
al., 2013a,b; McPhee et al., 2015; McPhee et al., 2016; 
McPhee et al., 2017). 

As with the January issue, most of the articles in this is-
sue were carefully selected and revised from papers at 
the OpenLivingLab Days 2016, held from August 23 to 
26 in Montreal, Canada. Accordingly, we would like to 
invite you to the OpenLivingLab Days 2017 to be held in 
Krakow, Poland on August 29 through September 1, 
2017. The conference will feature designated living lab 
tracks and workshops by the European Network of Liv-
ing Labs (ENoLL; openlivinglabs.eu), and it gathers numer-
ous living lab practitioners and scholars worldwide.

As the field advances, there is greater and greater di-
versity in topics covered and approaches taken in living 
labs practice as well as research (cf. Bergvall-Kåreborn 
et al., 2015; Brankaert et al., 2015; Dell’Era & Landoni, 
2014; Dutilleul et al., 2010; Edvardsson et al., 2012; Fe-
meniás &, Hagbert, 2013; Guimont & Lapointe, 2016; 
Hakkarainen & Hyysalo, 2016; Leminen, 2015; Leminen 
et al., 2012, 2015, 2016; Nyström et al., 2014; Rits et al., 
2015; Schuurman et al., 2016; Ståhlbröst & Lassinantti, 
2015; Veeckman et al., 2013; Westerlund & Leminen, 
2011). The early living lab literature not only focuses on 
explaining innovation and development activities with 
users in different contexts but also offers a broad variety 
of definitions. The recent literature reveals methods and 
conceptualizations for the benefit of managers and re-
searchers. Moreover, Leminen (2015) and Leminen and 
Westerlund (2016) categorize prior studies to diverse re-
search avenues based on an extensive literature review. 
Following this categorization, the present special issue 
focuses on revealing methods, methodologies, and ap-
proaches in living labs. 

Editorial: Innovation in Living Labs
Chris McPhee, Editor-in-Chief

Seppo Leminen, Mika Westerlund, Dimitri Schuurman,

and Pieter Ballon, Guest Editors

From the Editor-in-Chief

Welcome to the February issue of the Technology
Innovation Management Review – the second of two is-
sues on the theme of Innovation in Living Labs. It is 
my pleasure to introduce our guest editors: Seppo 
Leminen (Laurea University of Applied Sciences and 
Aalto University, Finland, as well as Carleton 
University, Canada), Mika Westerlund (Carleton Uni-
versity), Dimitri Schuurman (imec and Ghent Uni-
versity, Belgium), and Pieter Ballon (VUB, Belgium).

For future issues, we welcome your submissions of art-
icles on technology entrepreneurship, innovation man-
agement, and other topics relevant to launching and 
growing technology companies and solving practical 
problems in emerging domains. Please contact us
(timreview.ca/contact) with potential article topics and 
submissions.

Chris McPhee
Editor-in-Chief

http://timreview.ca/contact
http://openlivinglabs.eu/
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The first article, by Sonja Pedell, Alen Keirnan, Gareth 
Priday, Tim Miller, Antonette Mendoza, Antonio 
Lopez-Lorca, and Leon Sterling from Melbourne, Aus-
tralia, focuses on methods to support the elicitation of 
emotions. The study is based on qualitative research 
and design methods including interviews, animations, 
and storyboards. So doing, it contributes to the living 
lab literature by demonstrating how emotion-led meth-
ods and goal models can be used at various stages of 
the living lab process.

The second article, by Ruben D’Hauwers, Aron-Levi 
Herregodts, Annabel Georges, Lynn Coorevits, Dimitri 
Schuurman, Olivier Rits, and Pieter Ballon from imec, 
VUB, and Ghent University, Belgium, examines busi-
ness-to-business living lab projects. The authors use an 
action research approach to study eight living lab cases 
in Belgium. Their study identifies three main barriers 
that prevent real-life experimentation in business-to-
business living lab projects. The authors emphasize the 
need for providing guidelines for real-life testing and 
panel management in a business-to-business context.

The third article, by Anna Ståhlbröst and Marita Holst 
from Luleå University of Technology, Sweden, reflects 
on a development method to stimulate learning and ad-
option of digital innovations. The article is based on a 
research project financed by the European Commission 
and proposes that end users are able to change their en-
ergy consumption behaviour based on the results of liv-
ing lab activities. The article concludes by proposing 
that complexity may lead to processes that are difficult 
to predict in advance.

In the fourth article, Sara Logghe and Dimitri Schuur-
man from imec and Ghent University, Belgium, illumin-
ate an action research approach to capture delights and 
frustrations of panel members in living labs. The article 
is designed on a qualitative research approach including 
three living lab projects in Belgium. It contributes to the 
literature by recommending that living lab operations be-
nefit from a combined action research and living lab ap-
proach, including active involvement of panel members 
themselves.

Finally, in the fifth article, Louise Savelkoul and Murk 
Peutz from Equator Research in the Netherlands exam-
ine the structured needsfinding phase of a living lab in-
frastructure project. The data were collected through a 
questionnaire to measure bicycle commuting intention. 
The results of the research lead to practical guidelines 
when developing fast cycling routes.

It is evident that the articles in this special issue illustrate 
that living labs are a blossoming research domain. We 
hope that you enjoy the issue and consider utilizing the 
potential and opportunities of living labs in your organiz-
ation. Finally, we encourage living lab researchers as well 
as other innovation scholars to take further research ac-
tions into the different aspects of living labs.

Seppo Leminen, Mika Westerlund, Dimitri Schuurman, 
and Pieter Ballon
Guest Editors

Editorial: Innovation in Living Labs
Chris McPhee, Seppo Leminen, Mika Westerlund, Dimitri Schuurman, and Pieter Ballon
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Methods for Supporting Older Users in 
Communicating Their Emotions at 

Different Phases of a Living Lab Project
Sonja Pedell, Alen Keirnan, Gareth Priday, Tim Miller, 

Antonette Mendoza, Antonio Lopez-Lorca, and Leon Sterling

Introduction

Each design and research process consists of varied 
methods that are fundamental to realizing user goals. 
In this article, we demonstrate how our methods can be 
used within three generic living lab design phases: ex-
ploration, experimentation, and evaluation (Schuur-
man et al., 2016). We apply our methods in a living lab 
project to give older adults a strong voice to share and 
describe their experiences and emotions and to explore 
how these insights can be captured for design pur-
poses. The project objective was to develop an innovat-
ive personal emergency alarm that evokes positive 
emotions in older adults and reduces the feeling of “be-
ing monitored”. We ask the question: 

“What methods cater for the goals and emotions of 
older adults in a co-design process to develop in-
novative solutions?” 

We propose an emotion-led design toolkit with several 
artefacts: motivational goal models, animations, and 
technology probes. We argue that using these artefacts 
at different phases of a living lab project cycle facilitates 
effective communication between participant stake-
holders and contributes to both innovation and service 
design methodologies. Service design and user-driven 
design methods are increasingly important aspects of 
living labs, recognized as two means of increasing user 
acceptance of innovations (e.g., the FormIT methodo-
logy [Ståhlbröst &Holst, 2013] and citizen-driven innov-
ation [Eskelinen et al.,  2015; Gray et al., 2014]. This 
view is in alignment with Muller (2007) who argued a 
decade ago that user engagement is too often one-dir-
ectional, creating applications of technology rather 
than solutions to user problems. 

The following sections report on emotions in designing 
for health, followed by a review of existing living lab 

In this article, we focus on living lab methods that support the elicitation of emotions – a 
key success factor in whether a design solution will be accepted and taken up over the 
long term. We demonstrate the use of emotional goal models to help understand what is 
relevant for a target user group in the early phases of design. We promote animations and 
storyboards to envision the context of use and to gain an understanding of how design 
ideas can integrate into people’s lives. For the evaluation of ideas and to further under-
stand user needs, we show how technology probes facilitate natural interactions with a 
suggested solution concept. All methods have in common that they enable older adults 
without design or development experience to participate in the design process and work 
towards a meaningful solution by helping to communicate feelings and goals that are of-
ten hard to define. Lastly, we present a process model that demonstrates our emotion-led 
design toolkit at various phases of a living lab process. 

The great secret that all old people share is that 
you really haven't changed in seventy or eighty 
years. Your body changes, but you don't change 
at all. And that, of course, causes great confusion.

Doris Lessing (1919–2013)
Writer and Nobel Laureate in Literature (2007)

“ ”
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Methods for Communicating Emotions at Different Phases of a Living Lab Project
S. Pedell, A. Keirnan, G. Priday, T. Miller, A. Mendoza, A. Lopez-Lorca, and L. Sterling

processes. We show how our emotion-led design toolkit 
can support the phases of a typical living lab process, 
demonstrated through a case study of personal alarm 
systems.

Emotions in Designing for Health

In the discipline of design, emotions influence de-
cisions about the look and feel of products and services. 
For a personal topic such as health, people’s emotions 
play a major role in the success of a technology, and 
they afford an opportunity to increase compliance (Lo 
Bianco et al., 2015).

Yet, design of systems in the domain of health services 
is still functionality-driven rather than emotion-driven, 
particularly when institutions, as main stakeholders, ful-
fill government policies and focus on compliance and li-
ability towards patients rather than patients’ feelings. 
Here, we complement functional-driven design with 
users’ desired emotions in order to develop innovative 
products with a high uptake (see Figure 1). 

Personal alarm systems are an example of technology 
that has high impact potential but neglects the emotion-
al needs of older people (Miller et al., 2015). Personal 
alarm systems typically have two features: i) a wearable 
personal device – the user can raise an alarm if they re-
quire emergency attention, for example by pushing a 
button on a wristband or a pendant worn around the 
user's neck; and ii) a wellbeing check – the user informs 
the service provider that they are fine, usually on a daily 
basis, for example, by pushing a button on a base sta-
tion connected to a telephone line. In the second case, 
if no indication of wellbeing is received during the spe-
cified period, the service provider initiates checks on 
the user (Pedell et al., 2014). In this article, the term 

“personal alarm system” will be used to describe both 
features: the wellbeing check and the personal device. 

The Living Lab Phases: Exploration, 
Experimentation, and Evaluation

Many studies have noted the importance of real-life 
contexts and the involvement of end users in living lab 
innovation processes (Almirall et al., 2012; Leminen, 
2015; Veeckman et al., 2013). The end users of potential 
innovations are seen as “co-creators” (Veeckman et al., 
2013) in the innovation process rather than subjects of 
study. Dell'Era and Landoni (2014) highlight the import-
ance of the research-led aspect of living labs while also 
emphasizing the importance of users as active co-creat-
ors and the real-life context as a factor that modifies the 
users’ needs. 

Although individual living labs have different overall ap-
proaches (Almirall et al., 2012), there are many similarit-
ies. The FormIT methodology (Ståhlbröst & Holst, 2013) 
illustrates a typical approach, which emphasizes user in-
volvement in the innovation lifecycle from ideation 
through to eventual commercialization. Schuurman 
and colleagues (2016) have identified three generic 
phases that are common to many living labs: explora-
tion (idea/concept), experimentation (prototyping), 
and evaluation (pre-launch, launch, and post-launch). 
Their study also shows that the more closely a living lab 
approach follows this “ideal” approach, including multi-
method user involvement, the greater the positive im-
pact on the final outcome. Leminen and colleagues 
(2015) note four different user roles within a living lab – 
informant, tester, contributor, and co-creator – al-
though they indicate that each user can perform mul-
tiple roles. The informant contributes an understanding 
about the users’ life, problems, and needs. The tester 

Figure 1. Comparison model showing the difference between a standard process and an emotion-led design 
process with emphasis on understanding users’ emotions
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evaluates innovations in the environment. The contrib-
utor collaborates with the other stakeholders in the de-
velopment of a service. Finally, the co-creator creates 
and develops actual solutions with the other stakehold-
ers. Leminen and colleagues (2015) show that the first 
three roles are most common in living lab projects. Co-
creative methods have been established in research as 
“people who are not professional technology designers 
may not be able to define what they want from a design 
process, without knowing what is possible. A process of 
mutual learning for both designers and users can in-
form all participants' capacities to envisage future tech-
nologies and the practices in which they can be 
embedded” (Robertson & Simonsen, 2012). However, re-
cent literature has recognized the challenge of actively 
engaging older adults in design processes and have 
come up with methods to do this (Edlin-White et al., 
2012; Lindsay et al., 2012; Vines et al., 2012; Waycott et 
al., 2012; Waycott et al., 2013). What we contribute here 
is a means to specifically integrate emotions in a co-cre-
ative living lab process. Table 1 summarizes our emo-
tion-led methods, aligned with the three typical phases 
of living lab methodologies identified by Schuurman 
and colleagues (2016).

Phase 1: Exploration

Our case study focuses on the use of methods to enable 
the exploration and evaluation of emotions with older 
adults around personal alarm systems and their wider 
context of use as a means of innovating both the func-
tion and the service offering. In the conceptual phase, 
we report on the development of an early goal model, 
with emotions captured from initial exploration and in-
depth interviews where the users are operating in the 
role of an informant. 

Participants, data collection, and analysis
Twelve in-depth interviews were conducted, categor-
ized into three groups: i) older people who lived alone 
(with one exception) and who either currently have or 
previously have had a personal alarm system installed 
in their home; ii) family members of older adults who 
either currently have or previously have had a personal 
alarm system installed into their home; and iii) older 
people who never have had a personal alarm system in-
stalled in their home. The interviewees in the first group 
were older than the interviewees in the last group: those 
who had experience with personal alarm systems 
ranged from 85 to 91 years of age, whereas those who 
did not have experience with personal alarm systems 
ranged from 66 to 79 years of age.

The interviews explored three key questions: What 
should an alarm technology do (functions)? How should 
it be (qualities)? and How should it feel (emotional re-
sponse)? We transcribed the data using content analysis 
according to Patton (2002) and derived common 
themes from the data. 

Results: Emotions around personal alarm system use
Our interviews revealed that some older people per-
ceived that their feelings were not being taken into con-
sideration. They viewed the wearable pendants as 
“cowbells” forced onto them:

“She always would joke about her cowbell, and 
complain about it. ‘Look at what my kids are making me 
do,’ kind of comment, a slight resentfulness about it. And 
it was kind of against her independence.” [Participating 
relative] 

The pendants were perceived by the wearers as having a 
“stigma” attached to them – a perception that others be-

Table 1. A process table outlining the phases in which emotion-led methods are employed during a standard living 
lab process, in context of a personal alarm living lab project
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lieve the wearers are no longer are able to care for them-
selves, resulting in the pendants not being worn. The 
considerations and social environment around the de-
cision of whether or not to wear the pendant were com-
plex and loaded with emotions. The complexity is 
expressed well by the nephew of one of the users:

“So we did have the discussion and she sort of 
admitted that she didn't want to wear it and she didn't 
think that she should and she understood the risks and 
she was prepared to take the risks and that she didn't 
want to upset me and she didn't want me to feel like she 
wasn't cooperating with me. And so she said [mimicked 
aunts voice] 'so at least I wore it some of the time'. You 
know these times when she was wearing it was when 
someone was there and she didn't really need it. But for 
her, that was her compromise.” [Participating relative]

It became clear that personal alarm systems need to 
consider more than just safety aspects. The pendant 
limits mobility in that the alarm only works in the own-
er's house, so that the wearer might be hesitant to leave 
their home. Interestingly, most pendants have an effect-
ive range of 300 metres, but despite the strong feeling of 
being confined to a small space, older users are told 
that the maximum range is about only 70 metres in or-
der to better pinpoint a wearer’s location in an emer-
gency. The limitations this information poses to the 
older person in their everyday life apparently are not 
considered by service providers.

The wellbeing check (the second component of the sys-
tem) requires the user to remember to push a button 
each day. Otherwise, the service provider calls to check 
upon the client, which leads many older people to feel 
they are a burden, despite paying for the service. Others 
feel that they are perceived by their families as suffering 
from memory loss:

“And no matter what system I try [claps with 
hand on his knee in frustration and enforcement several 
times] I still manage out of 10 days that I miss out 2 or 3 
times by completely forgetting and that is what ANNOYS 
[emphasis] me.” [Older user]

Pressing the button on the wellbeing check base station 
does not convey any meaning to the older person and is 
therefore forgotten. Additionally, the wellbeing check 
provides no feedback indicating whether the button has 
been pressed on a particular day. Pressing the button on 
the wellbeing check a second time on the same day initi-
ates an inquiry to the service providers and is perceived 
as a signal of an emergency. Hence some older people 
do not feel confident using the system. Further, the well-
being check is not easily configurable, for example, 
users cannot adjust the time of day when the wellbeing 
button should be pushed, which leaves users feeling 
that they are not in control of the system.

The older people we interviewed indicated a desire for 
the personal alarm system, in particular the wellbeing 
check, to evoke feelings of independence, safety, being 
in touch with other people, control, and integration. 
Most importantly, they wanted to feel cared about. 
Table 2 provides an overview of the captured emotions.   

Based on the emotions we captured, we integrated the 
emotional goals into a motivational goal model accord-
ing to the notation of Sterling and Taveter (2009), exten-
ded by Marshall (2014), as shown in Figure 2. In this 
model, emotions (hearts) are attached together with de-
sired qualities (cloud shapes) to functional goals (paral-
lelograms). The emotions were used as high-level 
specifications in the following phases of the design pro-
cess to develop a prototype and the final design of the 
personal alarm system.

Table 2. Overview of current and preferred emotions surrounding personal alarm systems 
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In order to ensure a smooth transition from the explora-
tion to the experimentation stage, we suggest that the 
outcomes of the exploration phase, namely the emo-
tional goal model, should be validated in its context of 
use with the prospective end users. The goal models are 
intended as high-level specifications for designers and 
developers to create a prototype. 

Phase 2: Experimentation

In technology development, we face the challenge of 
anticipating how technology will be adopted and integ-
rated into people’s lives. Technology itself changes our 
lives — how we perceive and handle situations (de-
scribed by Carroll and Rosson (1992) as the task-arte-
fact-cycle). Although user-centered design and 
experience design (Buxton, 2007) help us envision fu-
ture use by better understanding users’ lives, designers 
still face a problem of validating future use scenarios 
before creating a solution. Future users themselves of-

ten have no clear understanding of the implications 
new technologies will have on their lives and are thus 
limited in giving input into design decisions. When 
changing existing situations into preferred ones (Simon, 
1982), a designer with input from end users should 
strive to understand contexts, issues, relationships, en-
vironments, and emotions where a design problem is 
situated. Scenarios one of many useful tools in a design-
er’s toolkit (Loke et al., 2005) and are used to under-
stand the complexities of the design context (Iacucci et 
al., 2002). Here, we use scenarios, or imagined stories of 
events, during the experimentation phase as means to 
explore design options, anticipate future problems, and 
describe contexts of user experiences with products 
(Lim & Sato, 2005; Mathews & Heinemann, 2012). We 
therefore develop a new approach to animate current 
and future use scenarios with emphasis placed on the 
early emotional goal model described in the exploration 
phase. In doing so, we aim to envision and visualize fu-
ture technology use. We suggest that animated scenari-

Figure 2. Mapping functional, quality, and emotional goals with stakeholder roles and system interactions
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os can be used as a tool to co-evaluate earlier insights 
of user research with participants, particularly sur-
rounding sensitive issues such as feelings and personal 
life goals. We also expect that, by co-evaluating insights 
from the conceptual phase using animated scenarios, 
participants can express their own emotions using per-
sonas and those emotions can be better expressed in 
animations rather than written or sketched scenarios. 

Scenario design: Creating the animations
We created three animations (Figure 3) based on the ex-
isting interview data, including emotions around per-
sonal alarm system use, from the exploration phase. 
These animations were used to co-evaluate the goal 
model and validate the barriers and reasons older 
adults do not use current personal alarm systems.

Our three aims for the use of the animations for co-eval-
uation as a means to explore future scenarios were: 

1. To determine whether the problems presented in the 
scenarios were identified and interpreted in similar 
ways by the participants reflecting on their own situ-
ation.

2. To determine if the animated scenarios reflected a 
realistic story (context) of a user involved with per-
sonal alarm systems, with particular focus on both 
operating the pendant and conducting daily well-
being checks.

3. To encourage participant feedback to help redesign a 
new personal alarm system once a shared under-
standing about the relevance of the scenarios was es-
tablished.

In a co-design workshop with four older people, we dis-
cussed these animations. According to Massimi and col-

leagues (2007), a participant number of four was con-
sidered to be suitable due to the personal nature of the 
topic, creating a familiar environment of “having tea to-
gether”. People with and without alarm pendants dis-
cussed the scenario in pairs, including feelings about 
the personas, intervention points in the scenario, and 
design ideas to improve feelings and living situation of 
the people depicted in the scenarios. In this case, users 
act as both informants, who correct understanding of 
the situation, and contributors, who collaborate to de-
velop the service design.

Results using animated scenarios and storyboards
When shown the animations, participants were en-
gaged with the plot of the story. This engagement be-
came particularly clear after participants commented 
on the animations after viewing them, because they re-
lated feelings of the animated personas to their own life 
situations. We confirmed that the three scenarios and 
the depicted emotions were perceived as realistic and 
something the participants could relate to in their own 
lives, but we were also able to create an atmosphere of 
openness that provided a foundation for engaging the 
participants in co-creative design activities. Using prin-
ted storyboards (Figure 4), the participants identified 
and commented on aspects of the animations in which 
personas needed to be better understood by their relat-
ives and service providers with implications for design.

Design ideas were directly put into the context of the 
scenario. The ideas were adjusted until the scenario re-
flected a true reality for a personal alarm user, as shown 
by the annotations in Figure 4. For example, the size of 
the pendant was not problematic for participants, but 
merely its appearance. Figure 5 shows an example of 
one of the ideas generated in the workshop: the 
pendants could be redesigned to be worn as a piece of 
jewellery.

Figure 3. Screen captures of animated scenarios. Left: “I forgot”, middle: “Cow Bell”, right: “Dress Code”
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Figure 4. An example of an animation storyboard with annotations from workshop participants

Figure 5. A user wearing an alarm pendant (left) and a workshop participant showing an item of her own jewellery as 
a pendant redesign idea (right)
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We found that the animated scenarios helped us to bet-
ter include older people in the decision and design pro-
cesses and to validate some of the imagined everyday 
scenarios of use. The older adults’ emotions and their 
motivations were key in this process. Animations are 
well suited to expressing such emotions. The story-
boards were a good way to capture comments and 
ideas generated by these animations.

Phase 3: Evaluation

Probes are particularly suited to investigating people’s 
everyday life in situations difficult to reach with tradi-
tional social science methods such as questionnaires, 
interviews, focus groups, or participant observations. 
Rather than relying on the presence and intervention of 
the researcher, probes are designed to encourage and 
empower subjects to collect data themselves (Arnold, 
2004). The participants use probes to provide some in-
sight, at their discretion, about their daily lives. Often, 
challenges and opportunities are only discovered when 
the technologies are used and evaluated with users in 
real-world settings (Doyle et al., 2010; Waycott et al., 
2012). Personal information and story generation are 
two important benefits that we see here in the use of 
probes as artefacts contributing to users’ point of view. 
Due to the logging functionality, technology probes en-
sure that participation of a user is visible and re-count-
able (Graham & Rouncefield, 2007). 

The technology probe was seen as instance of the goal 
model and had logging capabilities (as is typical of tech-
nology probes) to monitor and record the use of the ap-
plication. At the beginning of the field study, none of 
the researchers, designers, or older adults had a clear 
idea about how the final personal alarm system techno-
logy would look. It was particularly important to first 
engage the participants in simple technology use so 
they could confidently handle the interaction with their 
family members. Future design is thus grounded in a 
thorough understanding of users’ experiences, require-
ments, and preferences (Lindsay et al.,2012).

Generally, technology probes can collect data about use 
to inform a better understanding, not so much about 
how to improve the technology but rather about actual 
needs in supporting specific activities (in our case activ-
ities evolving around building and maintaining interac-
tions of older adults and their relatives to communicate 
wellbeing) (also see Hutchinson et al., 2003). Hence, 
technology probes are conducted prior to actual proto-

typing of the future system. In these latter phases, the 
users are acting as testers of the technology probe as 
well as collaborators influencing the evolving design as 
the functional and emotional goal models are refined 
through the supporting interview processes. 

Prototype development: Technology probe for the well-
being check
The technology probe for the wellbeing check was mo-
tivated by the goal model (see Figure 1) and facilitated 
the involvement with the user. The technology probe fo-
cused on the daily wellbeing check, rather than the 
pendant. We collaborated with a software company 
that followed an agile development approach. The emo-
tional goals were communicated to the company and 
they defined their development goals in alignment with 
the emotional goals and mirrored their daily progress 
on each of them. The technology probe development 
and communication about alternatives was driven by 
the emotional goals. The technology shown in Figure 6 
was developed and implemented in nine households.

The prototype in Figure 6 enabled relatives to send pho-
tos with captions. The user had could then scroll 
through photos and send messages back to their relat-
ives. Only when no interaction takes place over a 
defined period of time does the app ask the user to in-
dicate their wellbeing (e.g., “You haven’t been in touch. 
Are you ok?”), and the user responds by pressing a but-
ton in the app. Thus, the wellbeing check in this proto-
type is the existence or absence of this “ping” as 
monitored by the backend systems of a service provider.

Figure 6. IPad with picture app used as base station for 
wellbeing check
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Evaluation: Results from implementing the technology 
probe for the wellbeing check 
Older people and relatives (nine older participants and 
five relatives) were interviewed after a four-week trial 
with the implemented technology probe for the well-
being check. Overall, the participants liked the social 
and personalized aspect of the application and the feed-
back was positive. One relative commented:

“It’s really fantastic. Because it’s not masquerad-
ing or trying to pretend it’s something that it’s not. It’s 
harnessing that activity, or harnessing that interaction 
to mine it for really useful data, so it’s not […] the teddy 
bear with the hidden camera in it monitoring what’s go-
ing on in the room, it’s not presenting in that way. It’s 
very upfront.” [Relative]

However, although one participant was happy with the 
social aspect, they were not comfortable with the mon-
itoring aspect of the alarm and still felt that control was 
taken away from her.
“I wouldn’t want to have any automatic checking on me. 
I want to be in control of whether someone is coming. I 
want to make a conscious decision. Last year, I had 
really high blood pressure and I went to bed and thought 
‘either I will wake up or not and that is fine’.” [Older per-
son]

The technology probe for the wellbeing check, coupled 
with interviews, enabled us to view the goal qualities in 
the light of the user activities. 

However, it was very difficult for us to meet the expecta-
tions of some older people to truly feel “cared about”. 
The following quote summarizes the different expecta-
tions:

“I think that that’s the conflict because, for me as 
a relative and a carer, the assuredness was related to the 
functional aspects of the device, whereas for the user, 

their assurance isn’t related to that at all. Their assur-
ance is much more around the emotional ideas and that 
idea around the connectivity. And I think that was the 
clash, in that what I emotionally needed was very differ-
ent to what my aunt emotionally needed.[…] and the 
reason that we implemented the system was... I mean to 
put it really bluntly was farming out a task.” [Relative]

In our solution, we expect a certain commitment of rel-
atives and carers to spend some time in communicat-
ing with the older person. It was difficult to find people 
in this trial that would send a photo to the older person 
every day. Although we try to meet the emotional goals 
of older people, we are aware that we rely on other 
people whose emotions or time allowance might not be 
in alignment with those of the older person.

The Emotion-Led Design ToolKit

Here, we summarize the use of the different emotion-
led methods used in the three phases of the living lab 
process. The first phase of the process (exploration) be-
gins with the designer conducting user research around 
a design problem or theme. Our design problem fo-
cused on personal alarm systems for older adults. Col-
lections of insights are formed during this phase and 
then are translated into a goal model with a focus on 
emotions (Figure 7).

Emotions gathered during the exploration phase are 
represented in the goal model and are crucial in mov-
ing towards a designed outcome. It is important for re-
searchers to evaluate these emotional goals to ensure 
that they reflect the true nature of the design problem. 
During the exploration phase, the researcher begins to 
create individual scenarios that show the emotional 
goals of the user and the functional goals of the system 
in context. It is presented to end users in the format of 

Methods for Communicating Emotions at Different Phases of a Living Lab Project
S. Pedell, A. Keirnan, G. Priday, T. Miller, A. Mendoza, A. Lopez-Lorca, and L. Sterling
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animations to co-evaluate initial user research from the 
conceptual phase to ensure the goals reflect the key 
concerns and emotions of the users that need to be ad-
dressed in the design solution. In our case, we focused 
on the older adults as the main users of the system. We 
suggest that it would be useful to repeat the co-evalu-
ation with other main stakeholders, such as relatives 
and carers. Evaluation is the last phase of the working 
model. It is here, after the scenarios have been refined 
and themes and insights have been developed and eval-
uated with the user, that a designer can work towards a 
designed outcome.

Conclusion

In this case study, our approach conforms to an overall 
model that is typical of living labs. We take a similar it-
erative developmental approach from exploration, to 
experimentation, and then to the early stages of evalu-
ation. Our users took on the typical living lab roles of in-
formants, testers, contributors, and co-creators and 
were involved in multi-method approaches throughout 
the lifecycle.  Our study proposes an emotion-led 
design toolkit that can be added to similar approaches 
in other living labs. This approach captures the emo-
tional and quality goals of older adults (in this case) and 
translates them into actionable requirements that sit 
alongside functional goals.  We show that motivational 
goal models are a suitable way to express field data de-
rived from interviews – in particular emotions of users. 
These models are part of a development methodology 
and can be combined with scenarios to express user’s 
emotions, motivations, and roles (Marshall, 2014; Ster-
ling & Taveter, 2009), each of them describing and 
providing context of the domain. The goal models 
provide a place where abstract design concepts can be 
collected and represented (Pedell et al., 2009), but it will 
also be possible to evaluate final solutions against these 
goals. They are a lens through which use activities can 
be analyzed and recorded and then discussed among 
researchers and older adults. In reflection of our initial 
aim to give older adults a strong voice in the design pro-
cess, the technology probes facilitated natural interac-
tions between family members and yielded useful 
insights into how they used the newly designed system. 
Data gathered using technology probes are fragmentary 
and unstructured, which makes the process of transla-
tion from field data to abstract generalization for devel-
opment difficult. A process of combining technology 
probe data collection and motivational goal models al-
lowed us to talk about intangible outcomes with users 
that can be surprising, complex, and subtle. 
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To conclude, we emphasize the contribution of this re-
search, which is a demonstration of how goal models, 
animations, and technology probes can be used to re-
fine, link, and strengthen the transitions from different 
phases of a living lab process. 
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Introduction

Providers of “living labs as a service” – who offer ser-
vices such as designing the idea-generation processes, 
planning or carrying out real-world tests of innovations, 
and assessing pre-market launches (Ståhlbröst, 2013) – 
are confronted with an ever-increasing demand for B2B-
oriented projects. B2B companies focus on transactions 
between companies, whereas business-to-consumer 
(B2C) companies sell their products directly to the end 
user (Chauhan & Anbalagan, 2014). Both B2B and B2C 
innovation projects are confronted with a range of un-
certainties throughout their development process, but 
much of the focus of the living lab literature has been 
on B2C projects.

In this article, we draw upon experiences dating back to 
2005 with the establishment of iLab.o, the predecessor 
of iMinds Living Labs, which is now imec.livinglabs 
(imec-int.com/en/livinglabs). The organization’s first pro-

jects were situated in a B2C context (see Schuurman 
[2015] for a detailed historical overview). However, as 
iLab.o evolved into a living-lab-as-a-service offering 
and started to attract more and more utilizers, we wit-
nessed an inflow of B2B projects (see Schuurman et al. 
[2016] for an overview of the projects). While putting 
the proof-tested methods used by open innovation re-
search in B2C projects into practice in a B2B environ-
ment, we discovered that the application of real-life 
experimentation in B2B-oriented living lab projects 
poses particular methodological as well as practical 
challenges. Given that real-life testing with potential 
users of the innovation is one of the main characterist-
ics of living labs, and the literature on B2B living lab 
projects is scant, we aim to contribute to the academic 
literature by analyzing opportunities for real-life test-
ing in eight case studies of B2B living labs. Through a 
cross-case analysis, we identify the main barriers to 
B2B experimentation and their respective potential 
solutions.

Business-to-business (B2B) living lab projects have been mentioned in different areas of 
academic research, but the innovation management literature requires deeper analysis of 
their potential opportunities and challenges. Real-life experimentation is a key require-
ment for living labs as it enables deeper insights in the potential success of innovations. 
However, the literature has not provided insights on how living lab projects can imple-
ment real-life experimentation in B2B innovation projects and does not describe appro-
priate conditions for experimentation in these settings. In this study, we identified three 
main barriers preventing real-life experimentation in B2B living lab projects: the techno-
logical complexity, the need for integration, and the difficulty in identifying testers. The 
barriers are discussed in detailed and potential solutions are provided to help overcome 
these barriers and stimulate the adoption of real-life experimentation in B2B innovation 
projects.

There are three principal means of acquiring knowledge: 
observation of nature, reflection, and experimentation. 
Observation collects facts; reflection combines them; 
experimentation verifies the result of that combination.

Denis Diderot (1713–1784)
Philosopher, art critic, and writer

“ ”

http://www.imec-int.com/en/livinglabs
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Living Labs and Real-Life Experimentation

In the context of living labs, the innovation process has 
evolved from a single-inventor perspective towards a 
collaborative development of two or more actors. In 
these collaborative efforts, the crucial role of co-creation 
has to be emphasized (Bogers et al., 2010; Schuurman et 
al., 2015). As Schuurman (2015) describes, a living lab is 
“a tool for distributed innovation that drives co-creation 
between the different actors involved, while providing 
the user with a central role”. Indeed, organizations want 
to utilize co-creation in order to tap into the knowledge 
of (end) users (Kristensson et al., 2008). 

Følstad (2008) argues that, in order for users to provide 
valuable contributions to the innovation at hand, they 
need to be able to experiment with the innovation and 
ideally do so in a real-life context. Real-life experimenta-
tion is seen as a defining characteristic of living labs 
(Schuurman, 2015). Coorevits and Schuurman (2015) ar-
gue that innovation is unpredictable because of contex-
tual factors, influencing the product usage during this 
real-life experimentation (Sein et al., 2011) and therefore 
the testing of products built in the front-end of design is 
crucial. Forlizzi and Ford (2000) also stress the import-
ance of the context-of-use, which influences the interac-
tion of the user with the innovation. Therefore, it is of 
utmost importance to provide users with ample oppor-
tunities to experiment with the innovation, at least in a 
familiar and preferably real-life context. It is here that 
living labs are different compared to other innovation 
methods (Niitamo et al., 2006; Schuurman & De Marez, 
2012; Coorevits, 2015). Testing not only provides con-
text-specific insights on the development and accept-
ance of the innovation, but also informs researchers and 
practitioners about the conditions of technology accept-
ance and the impact of the innovation on the society 
and on its environment (Frissen & Van Lieshout, 2004).

Towards B2B (B2B) Living Labs

Since 2009, imec.livinglabs (formerly known as iLab.o 
and iMinds Living Labs) has offered “living labs as a ser-
vice” to reach its mission of facilitating digital innova-
tion in Flanders, Belgium. The service offering of the 
imec.livinglabs is focused on confronting potential end 
users with innovations by small and medium-sized en-
terprises (SMEs) through co-creation and real-life experi-
mentation. In order to succeed in this facilitation, a key 
asset of the imec.livinglabs organization is its B2C-fo-
cused panel of potential test users. The majority of these 
projects are based on bilateral agreements, with a pro-
ject usually lasting three to six months. Table 1 shows 

the recent increase of B2B projects relative to B2C pro-
jects in the portfolio of the imec.livinglabs. Over the 
course of the organization’s first five years (2009–2014), 
B2B projects accounted for less than 20% of all cases. 
Many innovations of SMEs in Flanders are in the B2B 
market, and while these innovations previously did not 
take into account the needs of business users, a shift in 
the market could be observed. imec.livinglabs reacted to 
this evolution by integrating business model expertise 
into its offering (see Rits et al., 2015). The positioning of 
living labs in the B2B market of imec.livinglabs proved 
successful as evidenced by the absolute increase in B2B 
projects and the shift in the proportion of B2B projects 
where more than half of recent projects were B2B ori-
ented.

This shift from B2C-oriented projects to B2B-oriented 
projects is important to investigate because of the differ-
ent characteristics and needs of these two settings. In 
general, compared to B2C markets, B2B markets have a 
limited number of customers that generate the largest 
part of the revenue (Sheth et al., 2000). Thus, when com-
pared to B2C, B2B transaction values tend to be larger 
and purchase cycles tend to be longer (Brennan et al., 
2007; Griffin, 2001). Also, the markets feature different 
methods of interaction between the business and the cli-
ent, with B2B traditionally favouring face-to-face inter-
actions (Di Fiore, 2016). Thus, in new product 
development, a relatively small set of potential B2B cus-
tomers can exert significant influence over a firm’s in-
novation (Bonner & Walker, 2004). Moreover, the 
decision makers might not be the actual users of the in-
novation, which impact the open innovation process sig-
nificantly. Given that top managers may play a crucial 
role in driving innovations (Tellis et al., 2009) and may 
determine the direction of the innovation, a different 
role needs to be attributed to different types of users. Ab-
rell and colleagues (2016) argue that customers making 
the purchasing decisions can provide knowledge about 

Table 1. Increasing proportion of B2B living lab cases at 
imec.livinglabs from 2009 to 2016
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short-term changes in market needs, whereas users 
working directly with the products provide long-term 
guidance for digital innovation. Looking at innovation, 
Castro (2015) states that B2B firms focus on internal pro-
cesses and capabilities and product-mix innovations, 
whereas B2C firms innovate on the brand, presence, and 
customer experience. This difference affects which meth-
odologies can be applied in this context. The application 
of real-life experimentation in B2B-oriented living lab 
projects poses methodological as well as practical chal-
lenges and implications for organizations offering living 
labs as a service, which have not been explored in the liv-
ing lab literature.

The academic importance attributed to real-life testing 
and experimentation reinforces the need to assess such 
an approach in B2B-oriented living-labs-as-a-service 
projects. Although some authors (Ballon et al., 2005; 
Almirall et al., 2012) explicitly mention B2B living labs, 
no clear insights are provided on the application of real-
life experimentation in these distinctive environments. 
Ballon and colleagues (2005), for example, make note of 
considerable differences in experimenting with innova-
tions between B2B and B2C test and experimentation 
platforms (TEPs). However, they offer no guidelines on 
this matter. Further, Almirall, Lee, and Wareham (2012) 
report that most cases in the Catalan Living Labs are B2B 
projects. They also compare the general methodological 
approaches of four living lab intermediaries in terms of 
the act of user involvement, the interpretation of real-life 
contexts, and the public–private–partnerships. However, 
the specific methodological differences between B2C 
and B2B contexts are not discussed, nor are any 
guidelines provided in relation to that distinction.

Case Study: Eight B2B Living Labs

We used an exploratory action research approach (Davis-
on et al., 2004). We selected eight cases that were ex-
ecuted by imec.livinglabs as part of their living lab as a 
service, which is tailored towards SMEs. To ensure reliab-
ility, relevance, and comparability, the cases were selec-
ted according following criteria: i) the living lab projects 
had to be completely finished, ii) the cases must have 
been carried out between 2012 and 2016, and iii) the 
cases must be of a B2B nature. A case study approach 
was selected due to the absence of a clear supporting the-
ory (on B2B living labs) and the exploratory nature of the 
study, in which key variables and their relationship are 
under investigation (Eisenhardt, 1989; Yin, 2009).

We defined a five-point scale (Table 2) to measure the ex-
tent of user involvement in a B2B living lab context. 

We followed Følstad (2008) to differentiate between a fa-
miliar, semi-real context (Level 3) and a real-life context 
(Level 4). We defined Level 3 as testing without interact-
ing with the entire ecosystem the product usually would 
operate in and it is thus not integrated with other pro-
cesses. The familiar context can serve as an alternative 
to the real world by allowing greater balance between 
the threat of low ecological validity related to test labs 
and the uncontrollable aspect of field studies. In B2B 
environments, a familiar context might be a pilot or pro-
totype environment wherein the real-life context is sim-
ulated as much as possible. Researchers often opt for 
the familiar context so they can maintain control over a 
selection of elements they want to investigate, such as 
pre-defined task execution to determine the learnability 
of an application.

The testing in Level 4 goes one step further: users inter-
act with the innovation in a real-life setting. The entire 
ecosystem is involved and integration is included as 
well. In the context of B2C-oriented living labs, 
(end)users are confronted with technology in their 
everyday lives. In this situation, researchers cannot con-
trol the users’ actions and the external elements influen-
cing their behaviour. The real-life aspect of the test 
environment should provide the researcher with “unex-
pected” outcomes to improve the innovation (Sauer, 
2013). As described by Almirall and colleagues (2012), 
“Real-life contexts are much more than a more realistic 
scenario for validating proposals; they form an arena 
where new meanings can emerge, tacit knowledge can 
be captured, and the whole ecosystem can be valid-
ated.”

Table 2. Five levels of user involvement in a B2B-
oriented living lab
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Table 3 summarizes our eight B2B living lab cases, five 
of which featured real-life testing (Level 4) and one of 
which featured testing in a familiar environment (Level 
3). Table 3 also indicates that, in four of the cases, a 
real-life test was not performed within the scope of the 
actual imec.livinglabs project. In these cases, the entre-
preneur performed the real-life testing on their own. 
Here, the role of imec.livinglabs was limited to identify-
ing potential testing cases and coaching the entrepren-
eur on the execution of the real-life test, and 
potentially also assisting with the analysis of the res-
ults. 

Through a cross-case study, we identified three main 
B2B-specific barriers to real-life testing – process integ-
ration, technological complexity, and tester identifica-
tion – as shown in Figure 1. Each barrier is described in 
greater detail in the subsections that follow, along with 
proposed solutions for overcoming these barriers. 

Barrier 1: Process integration
When setting up a field study (e.g., in cases 4, 6, and 8), 
integration was required between the innovation and 
the existing processes in the companies. If integration 
is required, the company needs to make a larger com-
mitment to adapt existing processes in the firm, and 
the IT department of the company will need to be in-
cluded in the project, which leads to higher project 

complexity. Nevertheless, in case 4, a proxy technology 
assessment was set up to simulate the technology 
through an alternative, simpler solution that could cir-
cumvent the difficult integration with existing proced-
ures. A proxy technology assessment takes into account 
the context influencing the interaction of the user with 
the innovation in the front end of design and thus can 
provide an alternative to a field study early in the innov-
ation process (Coorevits & Schuurman, 2015).

Table 3. Descriptions of the assessed cases of B2B living labs, their extent of user involvement, and the main testing entity

Figure 1. Three barriers to experimentation in B2B 
living labs and possible solutions
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In cases where real-life testing proves to be difficult due 
integration with other processes, we argue that simula-
tions of the innovation, such as proxy technology as-
sessments, can help overcome this barrier to 
experimentation.

Barrier 2: Technological complexity
In cases 6 and 8, the technology was highly complex, as 
the target market involved IT professionals in different 
organizations. The user researchers did not have a deep 
background or expertise on these innovations, which 
made it difficult to understand the technical needs of 
the users. For that reason, it was too difficult to test the 
concept in a field study because the user researchers 
would encounter difficulties in being the translator 
between the designer and user. The complexity in both 
cases was linked to the need for integration, thus the 
barrier of technological complexity and the barrier of 
process integration (possibly) go hand in hand, but this 
aspect needs further research.

We argue that, to overcome the barrier to technological 
complexity, complicated technologies should either be 
excluded from testing in from B2B living labs or technic-
al experts should be trained to perform experimenta-
tion in technologically complicated environments.

Barrier 3: Tester identification
The identification and selection of testers proved to be 
challenging in cases 3 and 6, and it prevented the inclu-
sion of field studies in those projects. The difficulties in 
identifying B2B testers arose due to a smaller pool of 
potential testers. Thus, the recruitment of testers may 
be more resource intensive in B2B projects than in B2C 
projects. 

This barrier can be overcome by utilizing existing cli-
ents of the entrepreneur, which might make the pro-
cess of identifying testing entities more efficient. A 
living lab project can also be a starting point for anoth-
er research project focusing on the field study in a one-
on-one relationship between two research partners 
(the entrepreneur and their potential client), as was the 
shown in case 6. Alternatively, the living lab can coach 
the entrepreneur to perform the field study themselves.

Conclusion

In this study, we identified and proposed solutions to 
three specific barriers hindering experimentation in 
B2B living labs: i) process integration between the exist-
ing company processes and the innovation, ii) techno-
logical complexity of the innovation, and iii) limitations 
on the identification and selection of relevant testers. 
These identified barriers require careful consideration 
and operationalization of living labs in the context of 
B2B projects. 

Next to overcoming these three barriers, we can first try 
to avoid them with a more rigid selection of B2B 
projects that are suitable for living labs. A living lab 
could, for example, solely accept B2B projects with 
ready-to-test user interfaces and exclude B2B projects 
focused on process integration. This living lab self-criti-
cism on the potential of methodologies and formats for 
B2B projects deserves its own discussion. 

Another avenue for further exploration is to identify a 
positioning of the living labs in cases where real-life 
tests are performed by the entrepreneurs themselves. 
The entrepreneur potentially lacks the expertise and ex-
perience to perform a real-life test and might not focus 
on the user aspects of the innovation. Therefore, the 
providers of living-labs-as-a-service can position them-
selves as coaches rather than actual implementers of 
the real-life tests.

Potentially, living labs can also explore the potential of 
a B2B-focused panel similar to the B2C panel utilized 
by imec.livinglabs. This approach would potentially im-
prove the identification and selection of testers for B2B 
innovations. 

In conclusion, we believe that overcoming the identi-
fied contextual barriers through the different solutions 
we proposed – and others to be identified in future re-
search – real-life experimentation in B2B living labs can 
prove to be highly beneficial to the development of B2B 
innovations. 
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Reflecting on Actions in Living Lab Research
Anna Ståhlbröst and Marita Holst

Introduction 

The living lab approach builds, first and foremost, on 
the position that end users, or people being affected by 
the technology, are the only real experts regarding their 
own contexts, goals, and activities and therefore it 
yields important insights that are beneficial to innova-
tion processes (Leminen & Westerlund, 2016; Schuur-
man et al., 2016). This approach is evidently successful 
and has resulted in new product features, new value 
propositions, and identification of bugs in systems; but, 
more importantly, it has enabled profound understand-
ing of use contexts and the real-life benefits of innova-
tions (Hakkarainen & Hyysalo, 2013; Ståhlbröst, 2013). 
It builds on the perspective that people have a demo-
cratic right to influence changes that might affect them 
as a result of an innovation (Bergvall-Kåreborn et al., 
2014). The living lab approach is based on the notion 
that co-creative innovation processes are more effect-
ive and result in innovations that create value for their 
intended end users (Krogstie et al., 2013).

Earlier research has also shown that user participation 
positively contributes to the success of digital systems, 
especially in technically complex system (Lin & Shao, 
2000). However, involving end users is not always a 
straight forward process because companies, at times, 
are reluctant to challenge their existing mode of opera-
tion even though they are faced with valuable input 
from end users (Hyysalo et al., 2016). In innovation pro-
cesses, it is also rather common that different percep-
tions about the form and function of innovations lead 
to tensions and conflicts between stakeholders 
(Hakkarainen & Hyysalo, 2013). Adding to that, engin-
eering as a field usually lacks the expertise on how to 
deal with unstructured human situations, and they 
have limited traditions in understanding the social con-
text that is necessary to shape a digital innovation from 
a socio-technical perspective (Bilandzic & Venable, 
2011). Hence, developing an innovation is not only a 
process of interaction and a struggle to develop “the 
right thing”, it is also a process of understanding, learn-
ing, and sharing among the involved stakeholders. 

Living labs deploy contemporary open and user-centred engagement processes in real-
world contexts where all relevant stakeholders are involved and engaged with the endeav-
our to create and experiment with different innovations. The approach is evidently suc-
cessful and builds on the perspective that people have a democratic right to have 
influence over changes that might affect them, such as those brought about by an innova-
tion. In this article, we will reflect on and discuss a case in which end users took part in 
the development of a method that stimulates learning and adoption of digital innovations 
in their own homes while testing and interacting with it. The results show that, when end 
users were stimulated to use the implemented innovation through different explicit as-
signments, they both increased their understanding of the situation as well as changed 
their behaviour. Living lab processes are complex and dynamic, and we find that it is es-
sential that a living lab have the capability to adjust its roles and actions. We argue that 
being reflective is beneficial for innovation process managers in living labs because it al-
lows them to adjust processes in response to dynamic circumstances. 

Follow effective action with quiet reflection. 
From the quiet reflection will come even more 
effective action.

Peter Drucker (1909–2005)
Management consultant, educator, and author

“ ”
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So how can living labs ensure that the engaged end 
users have the opportunity to make their voice heard 
and influence innovation processes? And how can a liv-
ing lab create a process that enhances learning and dia-
logue between end users and other stakeholders (e.g., 
problem owners, developers, or living lab practitioners) 
so that their interaction becomes fruitful for all stake-
holders? Innovation process managers in living labs 
strive to balance the power relations between the differ-
ent stakeholders– including developers, managers, poli-
cymakers, citizens, end users, and affectees – by 
helping them to both listen and be heard in innovation 
processes and by enabling them to have an actual im-
pact on the innovation being developed (Bergvall-Kåre-
born et al., 2015). To be able to do this, the potential 
end users or affectees need to be well equipped and 
have a sound understanding of the digital innovation 
being elaborated and tested; otherwise, their input may 
be of a general character or be based on (understand-
ably) naïve assumptions and therefore may fail to have 
an actual impact. Hence, the aim of the research 
presented in this article is to reflect on and discuss a 
case in which end users took part in developing a meth-
od that stimulates learning and adoption of digital in-
novations in their own context while testing and 
interacting with it. 

An Approach to Living Lab Research and
Innovation

In research-oriented living labs, it is important to make 
a distinction between the innovation process and the 
research process even though they might be inter-
woven and hard to separate at times. In this article we 
draw upon our experiences with a particular case of a 
research-oriented living lab project, Apollon, which will 
be described in greater detail below. In the Apollon pro-
ject, the research purpose was to develop a method that 
stimulated learning and adoption of innovations in the 
end users’ private homes. The innovation process was 
focused on end users testing and providing insights re-
lated to the digital innovations they tested, for instance 
usability and usefulness issues (Ståhlbröst & Holst, 
2016). In this article, we will report on the research pro-
cess by reflecting on and discussing the effectiveness of 
the method being developed. 

We have applied an action design research approach 
with the aim of learning from and contributing to both 
practice and research while being guided by the notion 
of reflection in action (Schön, 1991) and by participat-
ory action design research (Bilandzic & Venable, 2011). 

Being a reflective researcher requires a commitment to 
learn from experience and evidence, rather than to 
learn a predetermined path of actions (McMahon, 
1999). In living lab research, one vital approach is to be 
open to what is happening in the context and to adjust 
the process accordingly. It is therefore important that 
living lab researchers apply a reflection-in-action ap-
proach to their research and innovation processes. Re-
lated to the action design research approach, our aim in 
the case being referred to in this article was to test, eval-
uate, and re-design two digital innovations while in-
forming theory (Sein et al., 2011). In living lab research 
processes, it is important to distinguish between the in-
novation process and the research process of reflecting 
and learning, where the former is related to the innova-
tion as such while the latter is related to the research 
process and formalizing learning. Hence, living lab re-
search needs to, in the same vein as action design re-
search (Sein et al., 2011), relate problems arising in 
practice to classes of problems identified in theory and 
express the learnings in generalized outcomes. In this 
process, generalizations can be made on three levels 
(Sein et al., 2011): i) generalization of the problem in-
stance, ii) generalization of the innovation instance, and 
iii) derivation of design principles for the type of innova-
tion. Hence, the reflection and learning process extends 
from focusing on building a solution to applying learn-
ing to a broader research problem area.

In the case reported on in this article, we carried out 
continuous reflections on the interaction with the end 
users, the suitability of the used interaction and stimula-
tion method, as well as the digital innovations´ inherent 
functionalities and its influence and suitability to con-
tribute to end users’ objectives. This process was de-
signed to: i) increase knowledge on the design of 
end-user interaction processes that foster learning and 
understanding (i.e., the research) and ii) gain insights in-
to problems related to the innovations as such (i.e., the 
innovation). In the reflective process, theoretical know-
ledge was applied onto the practical situation based on 
the researchers’ focus, which in our case has been the 
use of assignments for end users to carry out in their 
context to stimulate both their learning and adoption of 
the innovation. Being a reflective practitioner means 
that the researcher approaches a practical situation as 
an exclusive state (Schön, 1991) In this approach, the re-
searcher uses their prior experiences as a basis for their 
actions with the objective to discover and understand 
the unique characters of the situation and, based on 
that, defines the scope and process of the research ac-
tions. Based on the shaped problem, the researcher con-
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ducts experiments with the aim of discovering related 
effects and challenges. Being a reflective researcher and 
practitioner also means that unintended changes can 
be produced in the situation, which might give it new 
meanings. Hence, there is a constant interaction and re-
framing between the practitioner and the situation at 
hand going through the stages of appreciation, action, 
and re-appreciation. Hence, the understanding of the 
situation grows as we strive to change it, and it is then 
changed through our attempt to understand it 
(Heiskanen & Newman, 1997).

In our case, we also wanted the end users to adopt the 
technology. In general, technology adoption is a multi-
dimensional process where an individual’s behaviour is 
influenced by a variety of conditions. These conditions 
can be learning, social, and technological (MacVaugh & 
Schiavone, 2010). Learning conditions are individual 
characteristics of a single user and can be expected to 
influence the attainment of new competencies needed 
to use the new technology. Social conditions explain 
the cultural and relational specifies shared within the 
communities to which the user belongs. Technological 
conditions facilitate the explanation of technical fea-
tures of the exchanging technology (MacVaugh & 
Schiavone, 2010). Naturally, the importance of each of 
these conditions differs depending on the context in 
which the innovation is intended to be used.

The Living Lab Case: Apollon 

The living lab case referred to in this article was carried 
out as part of the Apollon project, which was financed 
by the European Commission. The case took place 
between December 2010 and February 2012. Today, the 
process of facilitating learning and adoption among 
end users in living lab processes remains an important 
and unsolved issue that may benefit from reflection on 
an established case. In addition, many living lab studies 
are carried out for a shorter period of time, usually a 
few weeks; hence, reflections and lessons learned from 
more longitudinal studies are important contributions 
to the area of living lab research. We have also applied 
the approach in more recent energy-saving projects, 
such as the Cassandra project carried out from 2012 to 
2014 (Runardotter & Holst, 2014).

The living lab process used in the Apollon project was 
designed to stimulate knowledge creation and adoption 
of energy visualization technologies by users by provid-
ing them with assignments to carry out in their homes 
while they familiarized themselves with the technology 

and increased their understanding of different energy-
saving approaches that they could apply in their homes. 
For this case, we recruited 20 households interested in 
testing energy visualization technologies while contrib-
uting to our research efforts. Ten of them tested a visual-
ization technology called SABER, which measured and 
visualized real-time consumption of district heating, 
electricity, and cold and warm water over the course of 
seven months. The other ten tested a visualization tech-
nology called ELIQ, which measured and visualized real-
time electricity consumption, again over seven months. 

In this case, we applied a rather traditional living lab ap-
proach that focused on real-world tests of innovations 
with end users in their context. The innovations were 
quite mature and testing was possible in the end users’ 
homes. In the follow up interviews, we did however add 
formative questions to find possible suggestions for im-
provements of the digital innovations. Hence, the innov-
ation process did not focus on co-creation of 
innovations; rather the co-creative activities were re-
lated to the research process, such as the use of assign-
ments and questions to increase the participants’ 
understanding and knowledge. 

After being recruited, the end users were given instruc-
tions and support in installing the digital innovations in 
their homes, which meant that we interacted with the 
end users in their homes and we used their input and re-
actions to continuously reflect on and redesign our 
study and to receive input to re-design the final solu-
tion. To support the test process, we wanted to have 
continuous and controlled interaction with the end 
users, so we developed a “test storyline”, that is a de-
tailed step-by-step process consisting of seven assign-
ments and questions with clear instruction regarding 
how and when the assignments should be carried out. 
Each assignment was designed to be instructive and en-
able learning about the situation at hand, in this case 
energy consumption in the families who tested the tech-
nologies. When an assignment was to be carried out, a 
link to an online survey with clear instructions and 
fields where the end users could fill in their answers was 
sent to the end users by e-mail. From a research per-
spective, we wanted to learn how the assignments could 
be designed to be undertaken by end users on their 
own. We designed the assignments into micro-tasks 
that were functionality driven, small, well defined, and 
easy to perform. The goal was to stimulate usage of the 
different functions that each digital innovation offered. 
For example, an assignment could be formulated as fol-
lows:
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1. For five days before installing your Christmas lights, 
make daily meter readings and enter the summarized 
readings in the designated field in the survey.

2. For five days after installing your Christmas lights, 
make daily meter readings and enter the summarized 
readings in the designated field in the survey. Turn 
your lights on or off as you wish during this period.

3. Then, install and configure timers to turn off your 
lights at night or when you are way from home. For 
five days after setting up the timers, make daily meter 
readings and enter the summarized readings in the 
designated field in the survey.

These assignments were then followed by questions re-
lated to the effect on the end user’s consumption, such 
as the difference before and after installing the lights or 
the timers. We asked questions related to their experi-
ences and thoughts about a given assignment, and 
whether they expected or were surprised by the results. 
We also asked whether they would consider making a 
change in behaviour based on what they learned. All the 
answers were gathered in the online survey. The results 
from the assignments showed that the end users testing 
the ELIQ technology had difficulties detecting meaning-
ful differences in consumption because the outdoor 
temperature also influenced their electricity consump-
tion during the days they made measurements. For ex-
ample, on colder days, they naturally used more 
electricity to heat the house. This confounding factor 
made them reflect on what the ELIQ actually showed 
them and what conclusions they could draw from the 
visualization. 

Focus group interview with test users
As a closing activity, we invited end users from all 20 of 
the case households to a group interview. The purpose 
was to support reflection on action regarding their ex-
periences of the test and to facilitate learning from the 
process while at the same time receiving suggestions for 
re-designing the digital innovations. Seven end users 
joined the meeting and we interacted with them for al-
most two hours. Unfortunately, the event lacked gender 
diversity: all seven attendees were male. Most of the par-
ticipants showed significant interest in energy and envir-
onmental issues, and some reported having these 
interest since childhood. The end users’ joint interest in 
the topic made us reflect on user-recruitment criteria in 
cases that extend over a long period of time. Here, it is 
beneficial for living lab cases if the end users have a sol-
id interest in the application area of the innovation be-

cause it can help keep them engaged through the whole 
test period and while carrying out assignments. 

Another interesting reflection from this case was that 
the end users all reported having joined this living lab 
case quite spontaneously without involving their family 
in the decision to participate. This unilateral decision 
became a problem for them during the test period: the 
rest of their family were not as engaged in energy-saving 
activities, which led to a situation where the family fath-
ers had to spend a lot of energy convincing their family 
members to make an effort and contribute to the test 
and energy savings in the household. Hence, taking part 
in real-world tests of innovations in the home might not 
be a one-person effort: it impacts the family as a whole, 
that is, the social system. 

During the interview, we openly discussed the end 
users’ experiences of being involved in this test process. 
In these discussions, the end users identified aspects re-
lated to the technology and its usability, such as prob-
lems in reading the visualization meter and knowing 
how much each appliance was consuming, for instance, 
when different electrical radiators turned on or off, or 
when the freezer turned on or off automatically. Hence, 
it was difficult for them to know if the difference in con-
sumption was based on their effort in the short term or 
if it only was based on their appliances turning on and 
off in a different way. But, even if this was a problem, 
the end users stated that they learned a lot from the dif-
ferent assignments, from the reflections they had to do 
when performing them, and in answering the follow up 
questions. 

The interviewed end users also stated that the assign-
ments given to them in the test storyline made them re-
flect on their energy consumption in new ways, which 
in turn stimulated them to take actions to change their 
energy consumption. For example, most of them inves-
ted in low-energy lamps or LED lamps. Furthermore, 
they developed tendencies to turn off lamps when leav-
ing a room, to connect appliances with transformers to 
sockets that can be turned off, and to using timers on 
some of their appliances. 

Using the test storyline supported the living lab process 
of conducting long-term tests involving end users in 
their private context, where researchers have little or no 
control over the actions being carried out. The test 
storyline also supported the communication between 
the living lab and end users to make sure that they un-
derstood what was required from them during the test 
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they volunteered to take part in so that they would not 
get any unwanted surprises and could be in control. The 
test storyline as a tool also ensured that end users de-
veloped a solid understanding of the innovation be-
cause it encouraged them to test all functionalities of 
the digital innovation while, at the same time, it stimu-
lated learning and increased the competence of end 
users. Through this approach, the end users acquired 
knowledge on both energy-saving opportunities, they 
increased their level of competence in using the digital 
innovation, they provided competent feedback related 
to the design of the innovations, and they gave compet-
ent feedback on the living lab approach with the test 
storyline. 

Reflecting on the Living Lab Approach

The aim of this article was to reflect on and discuss a liv-
ing lab approach applied in a case aiming to stimulate 
understanding and adoption of digital innovations 
among end users in their homes. In this case, we imple-
mented a test storyline consisting of a structured inter-
action plan with seven instructive assignments for the 
end users to carry out during the seven-month test peri-
od. The results from this case indicate that giving the 
end users assignments to carry out during the test was a 
successful way to stimulate use, increase learning, and 
foster understanding about the research area, in this 
case energy saving. Reflecting on what other field re-
search methods, such as ethnography, might have been 
suitable due to the long-term perspective of the case, 
which continued over a seven-month period. A classic 
ethnographic study usually requires six months to two 
years (or more) in the field for the researchers to be-
come acquainted with the context, the culture, and lan-
guage within the context and its basic structure 
(Fetterman, 2010). In our case, this approach would 
have been too time consuming and would have posed 
problems with the extent of access to the end users’ 
homes that would have been needed to obtain the re-
quired insights. Ethnographic studies usually collect 
data through observation (Fetterman, 2010), which in 
living lab cases becomes challenging due to the aim of 
involving and understanding a group of individual end 
users simultaneously. In addition, ethnographic studies 
do not have a design focus; rather, they focus on under-
standing, describing, and capturing social and cultural 
phenomena that might embody aspects relevant to de-
signers (Bilandzic & Venable, 2011). Hence, living lab re-
search has many similarities with ethnographic 
methods. But, researchers in living labs do not merely 
want to understand and observe a phenomenon; rather, 

their aim is to actively change a situation by implement-
ing a digital innovation and by empowering end users 
with different means. 

The results from this study also show that, when the end 
users were prompted to use the implemented innova-
tion through different explicit assignments, they both in-
creased their understanding of the situation (e.g., energy 
saving), as well as changed their energy consumption be-
haviour (e.g., lowered their energy consumption by ap-
proximately 10% over a one-year period). When it comes 
to energy consumption behaviour, it is not trivial to de-
termine what the changes are dependent on in this liv-
ing lab case. When it comes to end users changing their 
energy consumption behaviour, we know that feedback 
and visualization technologies are a positive influence 
(Darby, 2000; Seligman & Darley, 1977). Hence, in this 
research, we can only refer to the end users’ testimonies 
that the performance of assignments educated and influ-
enced them, not only the digital innovations (i.e., feed-
back and visualization technologies) as such. In 
addition, in this case, we measured energy consumption 
over a full year, which is a longer period than the specific 
seven month living lab case. The reason for this was to 
obtain comparable data between years. This data analys-
is accounted for variations in outdoor temperature and 
wind conditions based on the established degree-day 
calculation method. Hence, we can conclude that the re-
duced energy consumption by end users reflects under-
lying changes in behaviour that are likely to persist over 
the long term.

Reflecting on the process of engagement in the case also 
raises the question of whether these results would had 
been reached if the tests had been carried out in a con-
trolled laboratory setting. In this context, it would have 
been possible to observe how the end users interact with 
the technology and they could have given inputs on po-
tential design changes of the digital innovations. In such 
a situation, the end users are providing feedback based 
on their immediate and intuitive understanding and 
thoughts related to the innovations as such, not based 
on their true use experiences. It has been argued in pre-
vious research (Yoo, 2010), that end users find it difficult 
to give relevant feedback on a digital innovation if they 
have no experience of actually using it. In addition, in a 
laboratory setting, it would not have been possible to 
study changes in behaviour related to actual use of the 
artefact. Hence, in processes where the aim is to reach a 
deep level of understanding and insights based on real-
world experiences, and when a changed behaviour is a 
desired outcome, a living lab approach is useful. 
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In addition, the use of the test storyline that stimulated 
use of the digital innovation also helped the end user 
experiment with the digital innovation in a safe and 
comfortable context. Reflecting on this approach, we 
conclude that end users feel safe being guided by as-
signments in their homes; the guideance encouraged 
them to explore and be more acquainted with the in-
novation without anyone observing them and measur-
ing their performance, which is a common approach in 
user tests in laboratory settings. Hence, the real-world 
context with educational assignments did strengthen 
the confidence of end users with the innovation and 
thus contributed to end users being better equipped to 
give valuable feedback on potential re-designs of the in-
novation. The end users also became aware of the in-
novations´ suitability for their specific context and 
goals, and this awareness contributed to their adoption 
of the artefact in relation to feelings of compatibility. 
Thus, they knew how to use the innovation and they un-
derstood how it answered their needs and existing val-
ues (Rogers, 1983). Another key aspect of the test 
storyline was that it regularly reminded the end users 
about the technology and encouraged them to use it. 
Hence, the likelihood for actual adoption of the techno-
logy increased as the innovation became a part of their 
social system.

Reflecting on the assignments reveals some drawbacks 
that need to be addressed in future studies. For in-
stance, it can be difficult to determine whether the par-
ticipants involved in the test actually performed the 
assignments even though they report having done so. 
To minimize the risk of false reporting, we strived to 
give them assignments where they had to enter values 
into the online survey, such as the exact consumption 
of electricity (KWh) over a specific period. Even so, it 
was difficult to know whether they had actually done it. 
Here we can see that research methods such as ethno-
graphy (Hammersley & Atkinson, 2007) could have in-
creased the validity of the study. Another drawback 
with the living lab approach with test storylines is the 
scalability. In the experiment being studied in this re-
search, we engaged 20 end users, which made it pos-
sible to reflect on their feedback during the design of 
assignments for the next period and co-creatively 
design them. We found that, even though the scale of 
the case was rather small, the findings and input gave 
us deep insights and understanding of the end users’ 
situation and the challenges they faced during the test 
period. For instance, the end users could send an email 
when the digital innovation did not really work prop-
erly and they could be given technical support before 
continuing the test. 

Conclusion

Living lab processes are complex, involving multiple 
stakeholders in real-life contexts. This complexity leads 
to processes that are difficult to predict given that the in-
novation, people, and challenges might move in new 
directions. Consequently, it is essential that a living lab 
has the capability to adjust their roles and actions ac-
cordingly (Hakkarainen & Hyysalo, 2016). We argue that 
living lab approaches benefit from applying a reflective 
stance. Being reflective is beneficial for innovation pro-
cess managers in living labs because it enables them to 
adjust processes in response to changing circum-
stances. Living lab researchers benefits from reflective 
practices through their contributions to learning and 
theory. Furthermore, end users involved in living lab re-
search and innovation processes also benefit from a re-
flective approach, both from the perspective that they 
are involved in an innovation process that fits into their 
everyday practices, but also because they can reflect on 
their own knowledge creation and learning from their 
involvement. 
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Sara Logghe and Dimitri Schuurman

Introduction 

The fast pace of technological change and globalization 
– and the associated increase in access to knowledge – 
have enabled a growing number of users to engage in 
the innovation process. Companies, too, have sought 
out user contributions to their (new) products and ser-
vices (Bogers et al., 2010). In addition, research has in-
dicated that different kinds of users have different kinds 
of needs. People have a higher willingness to pay for a 
product or service that perfectly satisfies their personal 
needs (Franke & Piller, 2004). To develop these custom-
ized products or services, it is possible to let users adapt 
products themselves and thus become part of the in-
novation process itself (Franke & von Hippel, 2003). 

Active end-user contribution is one of the building 
blocks of innovation processes in living labs. Living labs 
are public–private partnerships established to foster 
user-driven innovation and are supported by the 
European Commission through policy measures 
(Schuurman, 2015). Living lab research consists of user 
co-creation and experimentation of innovations in real-
life contexts (Eriksson et al., 2005). The underlying idea 

is that people’s ideas, experiences, and knowledge, as 
well as their daily needs for support from products, ser-
vices, or applications, should be the starting point in in-
novation (Bergvall-Kåreborn & Ståhlbröst, 2009). The 
living lab approach is also a form of open innovation, 
because technology is developed and tested in a physic-
al or virtual real-life context with multiple innovation 
stakeholders, and end users are important informants 
and co-creators during this process (Kusiak & Tang, 
2006). 

The efficiency of a living lab is based on the creative 
power of user communities. For this reason, it is im-
portant for the research activities and living lab opera-
tions to be aligned with the expectations of the 
participating users. Motivated users, willing to particip-
ate in research and co-creation activities, are essential 
for the functioning of a living lab, given that the under-
lying philosophy is that people’s ideas, experiences, 
and knowledge, as well as their daily needs and wants, 
should be the starting point in innovation (Bergvall-
Kåreborn & Ståhlbröst, 2009). However, in terms of the 
three layers within living lab activities (Schuurman, 
2015; Schuurman et al., 2016), the input from users is 

In this article, we propose an action research approach to capture and act upon the de-
lights and frustrations of panel members who participate in living lab research in order to 
optimize the operations of the living lab itself. We used this approach to test the effective-
ness of action research in providing guidelines to practitioners to evaluate and design ef-
fective and sustainable user involvement processes in living labs. We conducted a focused 
literature review and an in-depth case study of both the integration of a researcher within 
the community and the implementation of an action research project within an existing 
living lab. This living lab is regarded as both a forerunner and a best-practice example in 
Europe. Based on our findings, we recommend co-creating the “operations” of a living lab 
with the users themselves following a combined action research and living lab approach.

Seeking objective truth, the modern worldview makes 
no connection between knowledge and power. This 
positivist worldview has outlived its usefulness: as 
Habermas announced, ‘modernism is dead’.

Peter Reason and Hilary Bradbury
In Handbook of Action Research (2001)

“ ”
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collected at the micro level (living lab user involvement 
activities), but the panel management and strategy to-
wards user involvement should be taken into account 
at the macro level of the living lab – meaning its intern-
al organizational processes for coping with different liv-
ing lab projects.

Although this active user involvement is regarded as es-
sential, few studies have focused on the motivation, at-
trition, and behaviour of users in Living Labs (Baccarne 
et al., 2013; Logghe et al., 2014; Ståhlbröst & Bergvall-
Kåreborn, 2011). Moreover, we are not aware of any lit-
erature that reports end-user involvement in the design 
of user activities and operations in living labs, although 
this might seem to be a logic step for living lab practi-
tioners who regard active user involvement as corner-
stone of the living lab philosophy. Therefore, within 
this study, users were empowered to participate in the 
design of living lab activities and operations – at the 
macro level (organization), rather than at the micro 
level (user activities). We propose action research as a 
method to iteratively capture and implement this feed-
back because it emerges over time in an evolutionary 
process, as individuals develop skills of inquiry, and as 
communities of inquiry develop within communities of 
practice. This process not only leads to new practical 
knowledge, but also to new abilities to create know-
ledge (Reason & Bradbury, 2001).

Therefore, as a first part of this article, we examined the 
literature on action research for frameworks that could 
guide this process of user involvement. Within a parti-
cipatory action research process, "communities of in-
quiry and action evolve and address questions and 
issues that are significant for those who participate as 
co-researchers" (Reason & Bradbury, 2008). Contrary to 
other research methods, action research does not em-
phasize disinterested researchers and reproducibility of 
findings. Among others, Ståhlbröst (2008) has already 
used action research as a methodology within a living 
lab environment to involve users early and throughout 
the whole development process, including the design of 
new information technology systems based on these 
users’ needs. What is not dealt with in the literature is 
how this research approach can be used to construct a 
framework for user involvement and participation in 
the construction and optimization of living lab opera-
tions. 

This aspect is addressed in the second part of this art-
icle; following our review of the literature on action re-
search, we put the selected frameworks to the test in a 

single case study carried out at imec.livinglabs
(imec-int.com/en/livinglabs; previously iMinds Living Labs). 
The first step of our implementation of action research 
was to gain knowledge about the current situation, 
meaning we sought to identify the basis for the organiz-
ation's desire to change or alter its behaviour (Bask-
erville & Pries-Heje, 1999). After six years of living lab 
research at imec.livinglabs, many of the operation pro-
cesses have changed. Following Ståhlbröst (2008), we 
started our action research approach by describing a 
main research theme within imec.livinglabs: to get to 
know the delights and frustrations of our panel mem-
bers regarding their participation in living lab projects. 
In order to answer this research question, a user re-
searcher from imec.livinglabs became a panel member 
within specific living lab projects. Thus, our case study 
uses action research as a method to involve panel mem-
bers in the organization processes of a living lab. We 
conclude the article by drawing main conclusions and 
recommendations on the use of action research in liv-
ing labs.

Action Research in Living Labs

Lewin (1946) first described action research as “com-
parative research on the conditions and effects of vari-
ous forms of social action and research leading to social 
action” that uses “a spiral of steps, each of which is 
composed of a circle of planning, action, and fact-find-
ing about the result of the action”. Action research has 
become an established research method that is often 
used in social sciences, but it is now used to not only to 
build knowledge on a certain topic but also to bring 
about changes to the topic. In order to stimulate these 
changes, several authors suggest that the researcher 
should become part of the user panel so that the ob-
tained knowledge can be immediately applied (Bask-
erville, 1999). Furthermore, Checkland and Holwell 
(1998) distinguish three main phases of the process of 
action research: i) the researcher enters a real-world 
situation, ii) actions begin, and iii) the researcher leaves 
the situation and reflects on it in order to find a variety 
of lessons learned (Checkland & Holwell, 1998; Rönner-
man, 2004). Because of its foundation in practical ac-
tion and its aim to solve an immediate problem while 
informing theory, action research is seen to produce 
highly relevant results (Ståhlbröst, 2008). 

Action research starts with a practical problem owned 
by a certain group of people. The aim of this methodo-
logy is to find a solution for this problem, but also to de-
velop theoretical knowledge for the wider research 

http://www.imec-int.com/en/livinglabs
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community (Chiasson et al., 2009). It requires under-
standing the context of the field and bringing changes 
to a current situation in order to solve certain problems 
through collaboration (Donnelly & O’Keeffe, 2013). 
Therefore, action research – and especially participat-
ory action research – is also associated with the tradi-
tion of citizen science (Hand, 2010), wherein “the 
crowd” participates in scientific data collection and 
processing. Next to solving the specific practical prob-
lem, this research approach is mostly used to facilitate 
the understanding of complex human processes, rather 
than constructing universal social laws (Baskerville, 
1999). It is particularly relevant when trying to “solve an 
identified class of problems” and producing guidelines 
for best practice (Sein et al., 2011). Reason and Brad-
bury (2001) argue that the characteristics of action re-
search lead to a more valid research output because the 
practical and theoretical outcomes of the research pro-
cess are grounded in the perspective and interests of 
those immediately concerned (in this study, the living 
lab panel members), and they are not filtered through 
an outside researcher’s preconceptions and interests – 
a process that normally characterizes the positivist re-
search approach. 

The action research methodology and the living lab ap-
proach both appear to be user-centric research ap-
proaches, although the former has been used from the 
starting point (Lewis, 1946) in social research contexts 
and the latter has been used in technology innovation 
contexts. Compared to living lab research, action re-
search fails to sufficiently empower users for co-cre-
ation in open development environments. As 
mentioned, action research has already been used in 
living lab research (Ståhlbröst, 2008), but mainly as a 
method on a meso (project) or micro (user activities) 
level, to gather insights during a living lab project by 
means of the different user activities. In this study, we 
used the framework of Ståhlbröst (2008) as a starting 
point for our research on the satisfaction and motiva-
tion of our panel members regarding their participation 
in living lab projects in general, which is part of the gen-
eral operations of the living lab organization, or the 
macro level. 

Previous research has shown that intrinsic motivation 
is very important for users to remain part of a living lab 
community (Baccarne et al., 2013; Ståhlbröst & Bergvall-
Kåreborn, 2011). Not only are users empowered by liv-
ing labs (Veeckman et al., 2013), living labs are depend-
ent on the involvement and motivation of their 
participating users. It is not easy for living lab research-
ers to motivate possible end users to take part in their 

research activities (Logghe et al., 2014) and to retain 
them. Action research “seeks to bring together action 
and reflection, theory and practice, in participation 
with others, in the pursuit of practical solutions to is-
sues of pressing concern to people, and more generally 
the flourishing of individual persons and their com-
munities” (Reason & Bradbury, 2001). Thus, we decided 
to use action research as a framework to co-create 
policies and guidelines for long-term user involvement 
in living labs, and to validate and implement them 
through a case study of a particular living lab. 

However, despite the advantages described above, ac-
tion research is not without criticism in the literature. 
In our literature review, we identified three main areas 
of criticism of action research: 

1. Because of the fact that a researcher becomes part of 
the study, a more personal view can become domin-
ant during observations and deductions (Donnelly & 
O’Keeffe, 2013; Baskerville & Pries-Heje, 1999; Bask-
erville & Wood-Harper, 1996).

2. There is a lack of a common theoretical description 
of action research, which results in various ap-
proaches to action research (Chiasson et al., 2009; 
Donnelly and O’Keeffe, 2013). 

3. The results of an action research setup are very spe-
cific, which may cause action research to simply res-
ult in more action research (Baskerville & 
Wood-Harper, 1996; Donnelly & O’Keeffe, 2013).

During our action research process, we took these valid 
criticisms into account and tried to establish reliability 
and validity for action research as a useful framework 
for researching living lab operations. Therefore, we 
tried to take into account each criticism as follows: 

1. In order to avoid injecting our personal views, we 
asked questions in different ways. In this way, we 
were able to detect certain needs that were men-
tioned after asking various questions.

2. We compared different descriptions and implement-
ations of action research in order to deduct one con-
sistent theoretical framework for our use cases.

3. We selected multiple projects to implement action re-
search in order to detect needs on a meso level rather 
than on a micro level. In this way, we tried to avoid to 
specific insights in order to gather more general res-
ults.
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Case Study 

Case description, methodology, and overall process 
The case focused on three living lab projects conducted 
at imec.livinglabs (imec-int.com/en/livinglabs; previously 
iMinds Living Labs), the living lab division of the re-
search institute imec. Based in Ghent, Belgium, the 
former iMinds research institute became a separate 
business unit of imec following their merger in October 
2016. The organization’s experience conducting living 
labs dates back to 2009, with a particular emphasis on 
projects for startups and SMEs. imec.livinglabs has its 
own group of users (about 18,000 panel members or 
users) who are invited to participate in its living lab pro-
jects. For every living lab project, these panel members 
are invited to become part of a project community. In 
this way, they belong to innovation communities hos-
ted by a neutral actor, in this case imec.livinglabs. 
These panel members cooperate as private participants 
during their spare time. But, according to Ståhlbröst 
and Bergvall-Kåreborn (2011), it is not sufficient to 
merely implement an innovation community in an or-
ganization to make a user innovation approach success-
ful: it is also important to take into account what 
motivates the panel members to be part of this com-
munity. 

In order to understand these motivations from an ac-
tion research point of view, the main author of this art-
icle (an imec.livinglabs researcher) became a panel 
member from March 2015 until April 2016 and took 
part in different research steps in three living lab pro-
jects:

1. De Kopploeg (8 months): a living lab project focusing 
on online privacy issues

2. We Run (2 months): a living lab project about an ap-
plication for runners

3. Spott (7 months): a living lab project about a new 
way to buy products with your smartphone you see 
during a TV show or TV commercial

These living lab projects were selected because they las-
ted for several months (so we were able to gather 
enough data) and consisted of multiple research steps 
(so we were able to ask the same questions in different 
ways). These three projects were also the first projects 
within imec.livinglabs whereby we focused on com-
munity building as a considerable aspect of a living lab. 
This approach fits with the aspects of action research of 

doing research in communities and emphasizing parti-
cipation and action. Every community was inquired 
about in a collective way. The researcher became a 
member of the panel member community in order to 
experience the main motivations and thresholds for 
people to become and remain a panel member in a 
more intense way. The imec.livinglabs panel members 
of these three living lab projects were invited to give 
feedback on the general operation of imec.livinglabs by 
means of a survey (299 participants) and two co-cre-
ation session (12 and 8 participants, respectively. This 
allowed us to compare the experience of the researcher 
relative to the other imec.livinglabs panel members.

The goal of the survey (n=299) was to evaluate the exper-
ience of the panel members with the De Kopploeg living 
lab project. This survey resulted in insights on how to 
manage expectations from the panel members regard-
ing a living lab project, on how to keep a panel engaged 
throughout the research track (short term vs. long 
term), and on how to keep the most active members en-
gaged or involved during a research project. This was 
also the first living lab project where imec.livinglabs 
used a Facebook group to stimulate a community feel-
ing between the panel members who joined this pro-
ject. In the Facebook group, imec.livinglabs was able to 
collect reactions on certain statements from the survey, 
or the panel members asked both practical and sub-
stantive questions in this group and answered each oth-
er’s questions faster than imec.livinglab coworkers were 
able to do so. imec.livinglabs was able to apply the main 
insights on the use of a Facebook group to the two other 
living lab projects under study.

In order to reflect on the involvement of researchers 
and panel members (Baskerville & Pries-Heje, 1999; 
Checkland & Holwell, 1998), we organized a survey and 
invited experienced panel members from each imec.liv-
inglabs persona type (Logghe et al., 2015) to co-creation 
sessions to create solutions for the current frustrations 
of our panel members. Each co-creation session in-
cluded the creation of a mock-up of the most interest-
ing solutions. These mock-ups were validated by means 
of a specific validation survey and were handed over to 
the imec.livinglabs Marketing and Communication 
team who are currently constructing the community 
platform to be used over all living lab projects. 

In December 2016, a final session was organized to ask 
our panel members for feedback regarding the platform 
in order to give our panel members the possibility to 
give an indication about what features or aspects 

http://www.imec-int.com/en/livinglabs
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should be modified before the final launch of the com-
munity platform. Based on these final remarks, a static 
version of the platform is being created and will be 
launched in March 2017. By inviting experienced panel 
members to these co-creation sessions, they became 
part of the reflection process on the operations of 
imec.livinglabs. In this way, learning occurs as an ongo-
ing process in our research while reflecting on the 
method and projects as a whole (Ståhlbröst, 2008). 

Findings
As a researcher who becomes a panel member, it is im-
portant to separate the application of knowledge to a 
project from the derivation of knowledge from each 
case (Ståhlbröst, 2008). As an example, we used the out-
comes from “De Kopploeg”, where we saw that a blog 
did not add value and that a Facebook group was con-
sulted frequently, to plan the community strategy for 
the “We Run” and “Spott” projects. We also tested and 
implemented other measures such as a more personal 
communication approach (including names and pho-
tos of the panel managers in the communication), a 
higher “fun factor” in the incentives (personal chal-
lenges were used as “prize questions”) and a faster, 
clearer feedback loop (creating infographics that sum-
marize the user contributions from the research activ-
ity). We were able to capture this input during the 
project because the researcher took part in actions (re-
search steps) in the situation (research projects) and ac-
ted upon it on an iterative basis for the subsequent 
projects. Also, through being a panel member and hav-
ing conversations with other panel members, we found 
out that the imec.livinglabs panel has multiple unful-
filled needs and wants:

• They want more detailed information about the initi-
ator of our living lab projects.

• They want more detailed results than they receive 
now.

• They need an overview of all the calls for research par-
ticipation. They want to be able to look back at a fin-
ished project and ask: What was it about? What 
research steps were organized? In which research 
steps did I participate?

During these reflective co-creation sessions, we found 
the following underlying needs and wants: 

1. Panel members want to define their role in the innov-
ation process more explicitly.

2. They expect that the innovation will be implemented 
according to their inputs and feedback.

3. They accept that they are co-creating and experiment-
ing with innovations that are not yet finished. 

Based on these needs and wants, the panel members 
were asked to think about ways to address them. First, 
they indicated that it would be useful to have the oppor-
tunity to consult an online platform with a project flow 
for each living lab research project indicating in which 
research step users are needed and what will happen 
with their input. Second, they asked for more concrete 
follow-up information. Nowadays, panel members re-
ceive an infographic via email with the main conclu-
sions of a research activity, but they want to receive a 
more detailed report with extensive findings. They want 
to consult this report online and not via email. Also, 
they want to receive more information about the final 
product when the research project is finished, including 
(where possible) a link to the app store or a newsletter 
of the company who created the innovation. Eventually, 
these sessions resulted in mock-ups of an imec.liv-
inglabs community platform for panel members, which 
would provide the required information. At the end of 
the co-creation sessions, the participating panel mem-
bers told us they felt appreciated because they were in-
volved in a feedback moment regarding the living lab 
operations. 

Discussion and Conclusion

In our study, we found it useful to have a researcher be-
coming a panel member and to directly gather feedback 
from panel members using more traditional methods 
(i.e., a survey and co-creation sessions). By combining 
living lab activities with an action research methodo-
logy, we were able to quickly gathering issues and frus-
trations on the one hand and rapidly co-create and 
implement practical solutions on the other. The added 
value of a researcher being part of the panel was the fact 
that the researcher was able to elucidate the results and 
put the insights into perspective. In this way, the action 
research methodology shed light on the differences 
between what people say and what people do (van Mer-
rienboer, 2015).

Moreover, by means of a case study, we illustrated that 
the end users themselves can also be part of this action 
research process, which dealt with the question of how 
to improve the operations of a living lab. We facilitated 
the reflection process of panel members by adding a re-



Technology Innovation Management Review February 2017 (Volume 7, Issue 2)

40www.timreview.ca

Action Research as a Framework to Evaluate the Operations of a Living Lab
Sara Logghe and Dimitri Schuurman

searcher as participant, which ensured that the re-
searcher was completely socialized in the role of test 
user and attained a deep level of understanding of the 
current needs and wants of panel members while also 
lowering the threshold for end users to reflect and give 
feedback freely. Moreover, this approach also allowed 
for quick testing and evaluation of new approaches and 
solutions with panel members. In this way, imec.liv-
inglabs decided to stick to a Facebook group to keep 
the panel members aware of the living lab projects. 

In other words, adopting action research as a frame-
work to evaluate and improve the operations of our liv-
ing lab yielded positive results. 

A major take-away was the fact that the action research 
approach and the living lab methodology strengthened 
and reinforced each other: the action research allowed 
us to uncover needs and wants with regards to user in-
volvement in living lab projects and made it easier to ex-
periment with new ways of involvement, which in turn 
enhanced the quality of the living lab research itself as 
the panel members felt empowered and involved in the 
living lab activities. 

However, action research also has some caveats: as an 
action researcher, it is tempting to try to “act” like one 
of the regular panel members (Baskerville & Pries-Heje, 
1999; Baskerville & Wood-Harper, 1996; Donnelly & 
O’Keeffe, 2013). The action researcher must stay more 
or less impartial in this situation and try to avoid push-
ing other panel members towards their own delights, 
frustrations, or solutions. They must also try to make 
other panel members feel at ease when giving feedback. 
Equally, we found that it was very useful to take the vari-
ous criticisms into account during the research period, 
although it was not always easy to note down every in-
sight in a structured way. Therefore, we propose to con-
duct further research leading to a more detailed 
framework about methods to use during the “practical 
part” of the action research process. Moreover, the 
long-term effects of involving panel members in im-
proving the operations of a living lab on their motiva-
tion to participate should also be investigated.
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Needsfinding in Living Labs:
A Structured Research Approach

Louise Savelkoul and Murk Peutz

Introduction

Promoting cycling is increasingly considered as a solu-
tion for complex mobility problems. However, there is 
relatively scarce research available about the motiva-
tions of bicycle commuters and their needs. Cycling dif-
fers from other means of transport and therefore 
existing large bodies of scientific literature can only be 
used indirectly (Harms et al., 2014; Wardman et al., 
1997). For example, weather and physical effort have 
more impact on cyclists than on other means of trans-
port. However, a large part of the decision to cycle can 
be explained by personal factors, allowing the use of 
more commonly used psychological models (Titze et 
al., 2008).

This article shares insights from a living lab in the Neth-
erlands that focused on the personal factors influencing 
bicycle commuting intention. Partners from academia, 
government, and business wished to identify and un-

derstand the needs and requirements of cyclists and po-
tential cyclists. A particular focus was “fast cycling 
routes”, which are routes built to solve the problem of 
traffic congestion and as an opportunity for organiza-
tions to encourage more employees to commute by 
bike. For this reason, the living lab was called the Living 
Lab Fast Cycling Routes. A related topic of interest was 
the availability of electric bicycles (e-bikes), which con-
tribute to this development by expanding the practical 
commuting range, enabling even more people to con-
sider commuting to work by bicycle.

This article elaborates on the first phase of the living 
lab: the needsfinding phase. The needsfinding process 
is developed to “frame” the needs, goals, and values of 
(prospective) bicycle commuters, their employers, and 
other stakeholders. This article focuses on the 
needsfinding phase because it may yield interesting 
outcomes for the other phases of the living lab and for 
other living labs in general.

Living labs enable innovations to be facilitated and implemented quickly and efficiently. A 
key element of the living lab approach is the active involvement of users. In this article, we 
examine a structured needsfinding phase of a living lab infrastructure project within the 
context of bicycle commuting. Given that effectuation costs are high, it is essential for the 
lab to focus on tackling the right user needs. Thus, the living lab’s needsfinding phase 
aims to identify user needs and wants, as measured by bicycle commuting intention. We 
examined intention in a structured way by following the theory of planned behaviour. The 
results show that bicycle commuting intention can be explained by the variables of our 
model (R square=0.808). The specific insights arising from the needsfinding phase are an 
important focus for the activities and experiments in the later phases of the living lab. The 
generalized insights are also relevant to innovation experts outside the area of cycling.

Cycling is possibly the greatest and most pleasurable form of 
transport ever invented. It’s like walking only with one-tenth of 
the effort. Ride through a city and you can understand its 
geography in a way that no motorist, contained by one-way signs 
and traffic jams, will ever be able to. You can whiz from one side 
to the other in minutes. You can overtake $250,000 sports cars 
that are going nowhere fast. You can park pretty much 
anywhere. It truly is one of the greatest feelings of freedom one 
can have in a metropolitan environment. It’s amazing you can 
feel this free in a modern city.

Daniel Pemberton 
In The Book of Idle Pleasures

“ ”
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The living lab approach has its origins in the experi-
mentation with technology together with users (Niit-
amo et al., 2006). Whereas it is quite easy to change 
information quickly and cheaply, this is not the case for 
infrastructure projects. Furthermore, transport infra-
structure projects often do not perform as promised; 
cost escalations appear to be the rule rather than the ex-
ception (Flyvbjerg et al., 2003). The structured focus in 
the beginning of the living lab is needed because of the 
high investment costs for this infrastructure project. 
Outcomes from a freeform living lab method could eas-
ily become too expensive to implement in terms of the 
required infrastructure. By using a structured method, 
costs are kept to the minimum as the users’ wants and 
needs are measured in a structured way before the 
roads are being built. Hence, the users’ needs and 
wants are implemented right away and roads do not 
have to be adjusted at high cost after construction.          

The way to integrate this structured approach into the 
user involvement of the living lab is by a combination 
of a questionnaire, interviews, and focus group activit-
ies. Structuring the needsfinding process in this way 
makes it easier to respond to the needs of the users in 
later phases and contributes to a successful living lab. 
This approach is in line with the lean startup methodo-
logy, which suggests that, by validating hypotheses of 
customer’s problems, startups find a solution that in-
dicates there is business potential in solving the prob-
lem (Hokkanen et al., 2016). In this living lab, 
customer’s needs and wants are also incorporated be-
fore the project/product has its final form.  

The needsfinding phase has several steps that follow a 
logical sequence:

1. Identify technology, incentives, methods, and facilit-
ies through survey questionnaires, exploratory inter-
views, literature reviews, and research at the bicycle 
highway. 

2. Triangulate the data from the questionnaires with 
other studies. 

3. Prioritize the user problems on the basis of effects 
and costs in later phases.

4. Strengthen selected priorities with interviews and ex-
pert sessions.

In this article, we describe how this needsfinding phase 
was grounded in the theory of planned behaviour to 
predict bicycle commuting intention in the living lab. 
In the next section, we outline the theory and show 
how it was applied to the living lab case. Then, we 
present our specific methodology and results. Finally, 
we conclude with a discussion of these results and ex-
plore avenues for future research.

The Theory of Planned Behaviour

The theory of planned behaviour has been widely ap-
plied for predicting behavioural intention. In applying 
this theory, the personal motivational factors of indi-
viduals are used as determinants for the likelihood of 
expressing a specific behaviour (Glanz et al., 2008). 
Thus, the theory is useful in situations where it is not 
possible or practical to measure actual behaviour.  It 
has strong predictive power, meaning that behavioural 
intention predicts actual behaviour (Ajzen, 1991; Armit-
age & Conner, 2001; Conner & Armitage, 1998; Shep-
pard et al., 1988). Although the theory is often used to 
predict health-related behaviour and exercise beha-
viour (Smith et al., 2007), it can be used for other types 
of behaviour as well.

Behavioural intention can be seen as the willingness of 
a person to perform a certain behaviour (Fishbein & 
Ajzen, 2011). The underlying idea is that behavioural in-
tention encompasses the subjective probability that a 
person will perform a certain behaviour (Ajzen, 1991). 
In the current study, the theory of planned behaviour 
was selected to measure bicycle commuting intention. 
A positive bicycle commuting intention means that a 
commuter intends to cycle to work instead of using an-
other means of transport.        

The theory of planned behaviour comprises three inde-
pendent variables that can explain the dependent vari-
able of behavioural intention: i) attitude, ii) subjective 
norms, and iii) perceived behavioural control. These 
variables are related to each other in explaining behavi-
oural intention (Fishbein & Ajzen, 2011), but depending 
on the case, only one or two variables may be import-
ant (Ajzen, 1991). Figure 1 describes the model and 
shows the relationships between the three variables, 
which are described in greater detail below, including 
how they apply to the context of bicycle commuting in-
tention:
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1. Attitude: this variable encompasses an individual’s 
idea of the consequences of the behaviour and its im-
portance to the individual (Ajzen, 1991; Fishbein & 
Ajzen, 2011). In the Netherlands, the attitudes regard-
ing cycling are relatively positive compared to other 
nations: cycling is part of the Dutch way of living 
(Harms et al., 2014). A positive cycling attitude in-
creases the likelihood of commuting by bicycle (Dill 
& Voros, 2008), and given that cycling levels are so 
high in the Netherlands, we expect that this positive 
attitude will lead to a high bicycle commuting inten-
tion.

2. Subjective norms: this variable refers to social pres-
sure applied by others (Ajzen, 1991). It differs from at-
titude in that it focuses on the perception of pressure 
from the (social) environment instead of the person-
al perception of the behaviour (Glanz et al., 2008). 
Within the context of cycling, it is expected that bi-
cycle commuting intention will be determined by an 
individual’s family, friends and colleagues as they 
create a norm for cycling behaviour (Terry & Hogg, 
1996). For this reason, we expect that high subjective 
norms will lead to high bicycle commuting intention. 
Respondents were also asked how important the 
pressure from family/friends and colleagues was for 
them. 

3. Perceived behavioural control: this variable refers to 
the belief that a person has control over a specific be-
haviour (Francis et al., 2004). A difference can be 
made between internal and external control (Man-
stead & Eekelen, 1998), where internal control re-
flects the skills and capabilities of individuals (e.g., 
motivation and ability) and external control focuses 
on the available resources and difficulty of the task 
(Manstead & Eekelen, 1998; Terry, 1993). We expect 
that greater perceived behavioural control will lead 
to higher behavioural intention. 

Added variables to account for contextual factors
Although the theory of planned behaviour is a valid and 
often used method for explaining behavioural inten-
tion, it only includes personal factors (Glanz et al., 
2008). Within the living lab under study here, the user 
needs and wants are a central element. It is therefore 
necessary for our model to also include variables relat-
ing to the employees’ organizational context. In the 
context of cycling, contextual factors play a large role. 
For example, Buehler (2012) has demonstrated that bi-
cycle parking, cyclist showers and free car parking are 
determinants of cycling to work. It seems that the bi-
cycle infrastructure of organizations and the bicycling 
incentives play a facilitating role in behavioural inten-
tion (Chatterjee et al., 2013). Accordingly, we added two 
variables to the conceptual model, as shown in Figure 2:

4. Facilitating conditions: Perceived facilitating condi-
tions refer to individual beliefs about infrastructures 
that can remove barriers to the use of a system or can 
support its use (Venkatesh et al., 2008; Venkatesh et 
al., 2003). Therefore, it is relevant to consider employ-
ees’ perceptions of the facilities available at their 
workplaces rather than simply documenting what fa-
cilities are actually available. In particular, we expect 
that bicycle facilitating conditions will have a posit-
ive effect on bicycle commuting intention. 

5. Incentive systems: This variable can be described as 
the variety of incentives that organizations offer to 
their employees, such as financial incentives for buy-
ing or riding a bicycle (e.g., compensation for every 
kilometre cycled) (Heinen, 2011; Knoke, 1988). The 
growing interest in financial incentives for promot-
ing cycling reflects findings that incentives are effect-
ive, even to the extent that they can almost double 
cycling levels (Dickinson et al., 2003; Handy & Xing, 
2011; Wardman et al., 1997). For this reason, we ex-
pect bicycling-related incentives to have a positive in-
fluence on bicycle commuting intention.

Methodology

Bicycle commuting intention was measured by investig-
ating three organizations in the vicinity of a “fast cyc-
ling route” in the Netherlands. The participating 
organizations were selected on the basis of their loca-
tion but have different characteristics (public and 
private) and are from different sectors (healthcare, edu-
cation, and industry). Employees of these organizations 
completed a questionnaire by which we measured their 
bicycle commuting intention. The study had a cross-
sectional design. Before the actual questionnaire was 

Figure 1. General model underpinning the theory of 
planned behaviour (Ajzen, 1991)



Technology Innovation Management Review February 2017 (Volume 7, Issue 2)

45www.timreview.ca

Needsfinding in Living Labs: A Structured Research Approach
Louise Savelkoul and Murk Peutz

sent to the participating organizations, it was sent to a 
pre-test organization and the feedback was incorpor-
ated into the final questionnaire. Only employees who 
lived within 30 kilometres of their workplace received 
the questionnaire. This distance was chosen to reflect a 
maximum commuting distance that would be practical 
by (electric) bicycle. 

The gathering of data was part of the first step in the 
needsfinding, as described earlier. The bounded popu-
lation included 3998 employees from the organizations 
under study. It was not necessary to do further 
sampling because everyone within the distance of 30 
kilometres could fill in the questionnaire (convenience 
sampling). The questionnaire was based on literature 
sources measuring the variables of the theory of 
planned behaviour and the contextual variables and 
from questionnaires designed to evaluate bicycle com-
muting. A unipolar scale with five response categories 
was used because it has been shown to be valid for 
measuring behavioural intention (Thomas et al., 2004).

Data measurement and analysis
To measure bicycle commuting intention, multiple 
questions should be included (Ajzen, 2002). We in-
cluded questions that followed Gibbons’ (2005) split-
ting of behavioural intention into subdimensions to 
better predict actual behaviour: implementation inten-
tions (planning behaviour), behavioural expectations 
(predicting behaviour), and behavioural willingness 
(openness to risk). 

Attitude was measured according to the sub-items “dir-
ect benefit”, “awareness”, and “safety”. To ensure valid-
ity, confirmatory principal component analysis (PCA) 
was performed on the nine items of attitude. The pat-
tern matrix showed that the component “safety” was 
part of the component “direct benefit” and was there-
fore subsequently combined within it. This led to the 
following distribution of items: i) direct benefit includ-
ing comfortability, lifestyle, pleasant/nice, time saving, 
and safety and ii) awareness including health benefits, 
cost saving, environmental benefits, and pleasantness. 

Subjective norms were measured separately by normat-
ive beliefs and importance. PCA showed that the com-
ponents differed from Heinen (2011). But, because the 
measurement of Heinen (2011) had a clear distribution 
(colleagues, family and friends), her distribution was 
used.

Perceived behavioural control was measured by two in-
ternal control items (confidence and trust) and one ex-
ternal control variable (constraint). 

Facilitating conditions included questions about bicycle 
facilities and other facilities. The participating organiza-
tions’ incentive systems were measured by financial in-
centives; other incentives were excluded due to 
insufficient correlation. 

The following control variables were taken into account: 
gender, age, working hours, physical condition, car own-
ership, household structure, distance to work, luggage, 
frequency of past behaviour, and organization. Dummy 
variables were made for the control variables household 
structure (household structure 3 is the reference cat-
egory), time block (multiple answers possible), and or-
ganization (company A is the reference category). 

Missing values and outliers were checked and negat-
ively formulated items were reversed. Thereafter, PCA 
was performed along with descriptive statistical ana-
lyses. Next, multiple hierarchical regression analyses 
were performed (see Appendix 1). For reasons of brev-
ity, the control variables are presented only once 
without independent variables (model 1). First, the vari-
ables associated with the theory of planned behaviour 
were measured in total (model 2). Thereafter, the vari-
ables were separately measured (models 3, 4, and 5). 
Then, the contextual variables were measured (models 
6 and 7). Model 8 includes all the independent vari-
ables. The additional multiple regressions for the three 
variables are included in models 9, 10, and 11.

Figure 2. Conceptual model with added variables



Technology Innovation Management Review February 2017 (Volume 7, Issue 2)

46www.timreview.ca

Needsfinding in Living Labs: A Structured Research Approach
Louise Savelkoul and Murk Peutz

Results

Multiple regression and hypothesis testing
We received 647 successfully completed questionnaires, 
which corresponds to a 16% response rate. Missing val-
ues were excluded pairwise. There were no striking out-
liers. Checks were carried out to ensure a sample size 
large enough for multicollinearity and singularity, distri-
bution normality, linearity, homoscedasticity, and out-
liers. All the assumptions were met. Only the 
Mahalonobis distance was exceeded when outliers were 
checked. However, because the Cook distance was less 
than 1, there was no need to delete cases. Therefore, 
multiple regressions were appropriate.

The model including all the variables had an R square of 
0.808 which is extremely high for testing the model of 
the theory of planned behaviour. Even without the con-
textual variables, the R square was still 0.807. Meta-ana-
lyses have shown that the explaining variance of 
behavioural intention by use of the theory of planned 
behaviour normally lies between 40% and 50% (Sutton, 
1998). The high explaining variance means that this the-
ory is a valid way to measure bicycle commuting inten-
tion.

The standardized coefficients were used to compare the 
contributing variables of bicycle commuting intention. 

Variables
Appendix 1 shows the findings of the multiple regres-
sion analyses, which are summarized in Table 1.  

Attitude had a statistically significant impact on bicycle 
commuting intention F Change (2.567)=49.203, p<.001. 
The dimensions of attitude were also tested. The dimen-
sion “awareness” did not have a significant effect on bi-
cycle commuting intention, whereas the dimension 
“direct benefit” had a significant beta value (0.298, 
p<0.001). 

The findings show that, for the variable subjective 
norms, only family had a significant contribution to bi-
cycle commuting intention (bfamily=0.231, p<0.001). 
Importance of subjective norms did not have a signific-
ant contribution to bicycle commuting intention. 

Perceived behavioural control had a significant impact 
on bicycle commuting intention. The contribution of 
perceived behavioural control is large in comparison to 
the other two variables.

For facilitating conditions, the R square changes from 
0.713 to 0.714 (see model 6) but the change is not signi-
ficant F change (2.595)=0.683, p>0.05). 

Concerning incentive systems, only financial incentives 
of the organization were incorporated in the multiple 
regression. Financial incentives explained an additional 
two percent of variance in bicycle commuting intention 
but not a significant level F change (1.596)=3.240, 
p>0.05).

The control variable past behaviour had a significant in-
fluence on bicycle commuting intention in all models. 

Table 1. Observed effects of variables and sub-items on bicycle commuting intention
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Discussion and Conclusion 

The ultimate goal of the living lab “Fast Cycling Routes” 
is to encourage cycling among employees of organiza-
tions in close proximity of fast cycling routes. This goal 
is aligned with the intention of the Dutch government’s 
to build 675 kilometres of fast cycling routes by 2025. 
But, enabling new physical infrastructure to be built 
will by itself not lead to more cycling. The intention to 
use it must be understood and addressed. 

This research demonstrates that applying a structured 
approach as part of the needsfinding phase is prom-
ising. This research confirms by its high explaining vari-
ance that the model derived from the theory of planned 
behaviour is a valid way to research behavioural inten-
tion (R square = 0.808). The study builds upon earlier 
work regarding bicycle commuting intention and ex-
tends it with a combination of personal and contextual 
factors. Earlier work concentrated on either personal 
factors or contextual factors. Therefore, a more compre-
hensive overview of bicycle commuting intention is 
achieved by combining these factors into one study. 
One explanation for why the results for facilitating con-
ditions and financial bicycle incentives (the contextual 
variables) were not significant could be because per-
ceived conditions were measured instead of actual facil-
ities and incentives. Future applied research could 
elaborate further on these results to understand if this 
explanation is appropriate. 

Furthermore, this research shows that for the develop-
ment of fast cycling routes, a personal or psychographic 
factor should be included (e.g., perceived behavioural 
control, subjective norms of the family, or the attitude 
dimension direct benefit). This means that the intrinsic 
drivers of bicycle commuting intention should receive 
more attention because they explain a large part of the 
intention to commute by bicycle. This is especially val-
id when the variables are split up into sub-items.  

This finding led to input for the following steps in the 
needsfinding phase. The interviews with stakeholders 
were more focused on psychographic elements than 
would have been the case without the findings of this 
study. Also, the focus sessions with experts addressed 
the behavioural side of cycling. Without these results, 
the behavioural side would not have been discussed. In 
this way, it helped the researchers to avoid the themes 
for which the effect on behaviour were not significant 
but provided living lab actors with proven themes for 
brainstorming in the needsfinding phase. 

Moreover, by mapping the needs of the end users, a 
better plan can be made for the later phases in the liv-
ing lab. The researchers now know that prototypes of 
innovations have to include behavioural components. 
For example, knowing that the family plays an import-
ant role in the bicycle commuting intention, research-
ers can ensure that they involve families in the 
research. These findings give the opportunity to test 
this effect in a later phase (after the needsfinding 
phase). For example, by including families of employ-
ees in an experiment, the lab can assess how the family 
can stimulate a family member to commute to work by 
bicycle.

Another measurement in the test phase may consist of 
promotion campaigns that are focused on direct bene-
fit, as this seemed to have a significant influence on bi-
cycle commuting intention. Often in the Netherlands, 
promotion campaigns about cycling are focused on 
safety. However, this research shows that the items of 
direct benefit have to be emphasized in order to stimu-
late bicycle commuting intention. These items con-
cern: the comfortability of the route, the pleasure 
derived from riding a route, and how easy it can be to 
fit cycling into most lifestyles. Given that these ele-
ments have a significant influence on bicycle commut-
ing intention for potential cyclists, communication 
geared towards these elements would lead to a higher 
bicycle commuting intention. However, in the Nether-
lands, home and work are not fully integrated. There-
fore, results from country to country may differ and 
promotion campaigns should be designed accordingly. 
For this living lab in the Netherlands, emphasis will be 
placed on providing more direct benefit in cam-
paigns.

Furthermore, this research has also clarified what type 
of people (users) should be selected for the subsequent 
phase in the living lab. On the one hand, the control 
variable past behaviour had a direct effect on bicycle 
commuting intention and can therefore be seen as an 
additional independent variable. It is therefore import-
ant for employers to give their employees a good exper-
ience when they cycle to work for the first time, 
because the intention to cycle more often is directly de-
pendent on (positive) past behaviour. On the other 
hand, the variable with the largest effect on bicycle 
commuting intention is perceived behavioural control. 
This variable had an interaction effect with working 
distance. The influence of working distance decreases 
if employees are provided with more control in cycling 
to work. 
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Both findings can be tested in a new phase of the living 
lab. One way to test this is by introducing employees to 
an electric bicycle and test whether their perceived be-
havioural control changes over time. Also, introducing 
the electric bicycle to (new) employees would make 
commuting easier (past behaviour). Alternatively, by us-
ing an electric bicycle, the time of arrival at work be-
comes more predictable as compared to public 
transport, which also contributes to perceived behavi-
oural control. 

All in all, this research provides insights in how to tackle 
the next phases in the living lab. The findings give guid-
ance in an unstructured process of user requirements 
and needs. Accordingly, topics are being discussed in 
conversations with users that would not have been dis-
cussed without these findings. The findings show that 
changes should be made in the regular approach of 
cycle programs offered by governmental institutions 
and employers to encourage employees to cycle to 
work. Not only contextual factors are making a differ-
ence in the intention to cycle to work. In fact, this re-
search shows that personal factors are particularly 
important. For this reason, organizations should ree-
valuate their strong focus on contextual interventions 
and put more focus on personal factors in their bicycle 
policy programs and living labs. Future researchers 
should keep an eye on the process of a living lab, and 
provide a structure to measure the stakeholders’ find-
ings, for example by dividing the living lab into phases. 

References

Ajzen, I. 1991. The Theory of Planned Behavior. Organizational 
Behavior and Human Decision Processes, 50: 179–211.
http://dx.doi.org/10.1016/0749-5978(91)90020-T

Ajzen, I. 2002. Constructing a TpB Questionnaire: Conceptual and 
Methodological Considerations. Amherst, MA: University of 
Massachusetts.

Armitage, C. J., & Conner, M. 2001. Efficacy of the Theory of Planned 
Behaviour: A Meta-Analytic Review. British Journal of Social 
Psychology, 40(4): 471–499.
http://dx.doi.org/10.1348/014466601164939

Buehler, R. 2012. Determinants of Bicycle Commuting in the 
Washington, DC Region: The Role of Bicycle Parking, Cyclist 
Showers, and Free Car Parking at Work. Transportation Research 
Part D: Transport and Environment, 17(7): 525–531.
http://dx.doi.org/10.1016/j.trd.2012.06.003

Chatterjee, K., Sherwin, H., & Jain, J. 2013. Triggers for Changes in 
Cycling: The Role of Life Events and Modifications to the External 
Environment. Journal of Transport Geography, 30: 183–193.
http://dx.doi.org/10.1016/j.jtrangeo.2013.02.007

Conner, M., & Armitage, C. J. 1998. Extending the Theory of Planned 
Behavior: A Review and Avenues for Further Research. Journal of 
Applied Social Psychology, 28(15): 1429–1464.
http://dx.doi.org/10.1111/j.1559-1816.1998.tb01685.x

Dickinson, J. E., Kingham, S., Copsey, S., & Pearlman Hougie, D. J. 
2003. Employer Travel Plans, Cycling and Gender: Will Travel Plan 
Measures Improve the Outlook for Cycling to Work in the UK? 
Transportation Research Part D: Transport and Environment, 8(1): 
53–67.
http://dx.doi.org/10.1016/S1361-9209(02)00018-4

Dill, J., & Voros, K. 2008. Factors Affecting Bicycling Demand: Initial 
Survey Findings from the Portland, Oregon, Region. 
Transportation Research Record, 2031(1): 9–17.
http://dx.doi.org/10.3141/2031-02

Fishbein, M., & Ajzen, I. 2011. Predicting and Changing Behavior: The 
Reasoned Action Approach. New York: Taylor & Francis.

Flyvbjerg, B., Skamris holm, M. K., & Buhl, S. L. 2003. How Common 
and How Large Are Cost Overruns in Transport Infrastructure 
Projects? Transport Reviews, 23(1): 71–88.
http://dx.doi.org/10.1080/01441640309904

About the Authors

Louise Savelkoul is a Consultant at Equator Re-
search and is a PhD candidate studying user innova-
tion at Tilburg University in the Netherlands, where 
she also holds Bachelor and MSc degrees in Organ-
izational Studies. At Equator Research, her focus is 
on Living Labs. She is currently Lab Manager of the 
regional cycle lanes initiative in the Netherlands, en-
abling new innovations in infrastructure and the 
built environment. Recently she co-developed the 
flexible living for health care lab in the Southern 
Netherlands. 

Murk Peutz is Director of Equator Research, a con-
sulting firm focused on innovation management 
and the use of living labs as an effective tool for co-
creation and collaborative innovation. He gradu-
ated from Delft University with a degree in Mechan-
ical Engineering, and he holds a Business Law 
degree from Leiden University and an MBA from IN-
SEAD. He has also worked in industry (Tate & Lyle 
PLC) and management consulting (The Boston Con-
sulting Group). In 2004, he took up responsibility 
for Innovation Consulting to Small and Medium En-
terprises as Director of the Syntens Foundation be-
fore founding Equator Research in 2013. Murk is 
also a non-executive director of several companies 
in the Netherlands. 



Technology Innovation Management Review February 2017 (Volume 7, Issue 2)

49www.timreview.ca

Needsfinding in Living Labs: A Structured Research Approach
Louise Savelkoul and Murk Peutz

Francis, J., Eccles, M. P., Johnston, M., Walker, A. E., Grimshaw, J. M., 
Foy, R., Kaner, E. F. S., Smith, L., & Bonetti, D. 2004. Constructing 
Questionnaires Based on the Theory of Planned Behaviour: A 
Manual for Health Services Researchers. Newcastle upon Tyne: 
University of Newcastle.

Gibbons. F. X. 2005. Behavioral Intentions, Expectations and 
Willingness. Bethesda, MD: National Cancer Institute, Division of 
Cancer Control & Population Sciences.
http://cancercontrol.cancer.gov/brp/research/constructs/intent-
expect-willingness.html

Glanz, K., Rimer, B. K., & Viswanath, K. (Eds.). 2008. Health Behavior 
and Health Education: Theory, Research, and Practice. San 
Francisco, CA: Jossey-Bass

Handy, S. L., & Xing, Y. 2011. Factors Correlated with Bicycle 
Commuting: A Study in Six Small U.S. Cities. International Journal 
of Sustainable Transportation, 5(2): 91–110.
http://dx.doi.org/10.1080/15568310903514789

Harms, L., Bertolini, L., & te Brömmelstroet, M. 2014. Spatial and 
Social Variations in Cycling Patterns in a Mature Cycling Country 
Exploring Differences and Trends. Journal of Transport and 
Health, 1(4): 232–242.
http://dx.doi.org/10.1016/j.jth.2014.09.012

Heinen, E. 2011. Bicycle Commuting. Delft, Netherlands: Delft 
University Press.

Hokkanen, L., Kuusinen, K., & Väänänen, K. 2016. Minimum Viable 
User EXperience: A Framework for Supporting Product Design in 
Startups. In H. Sharp & T. Hall (Eds.), Agile Processes, in Software 
Engineering, and Extreme Programming. XP 2016. Lecture Notes in 
Business Information Processing, 251: 66–78. Cham, Switzerland: 
Springer.
http://dx.doi.org/10.1007/978-3-319-33515-5_6

Knoke, D. 1988. Incentives in Collective Action Organizations. 
American Sociological Review, 53(3): 311–329.
http://www.jstor.org/stable/2095641

Manstead, A. S. R., & Eekelen, S. A. M. 1998. Distinguishing Between 
Perceived Behavioral Control and Self-Efficacy in the Domain of 
Academic Achievement Intentions and Behaviors. Journal of 
Applied Social Psychology, 28(15): 1375–1392.
http://dx.doi.org/10.1111/j.1559-1816.1998.tb01682.x

Niitamo, V.-P., Kulkki, S., Eriksson, M., & Hribernik, K. A. 2006 Stateof-
the-Art and Good Practice in the Field of Living Labs. In K. S. 
Thoben, Pawar, M. Taisch, & S. Terzi (Eds.). Proceedings of the 12th 
International Conference on Concurrent Enterprising: Innovative 
Products and Services through Collaborative Networks: 349–357.

Smith, J. R., Terry, D. J., Manstead, A. S. R., Louis, W. R., Kotterman, 
D., & Wolfs, J. 2007. Interaction Effects in the Theory of Planned 
Behavior: The Interplay of Self-Identity and Past Behavior. Journal 
of Applied Social Psychology, 37(11): 2726–2750.
http://dx.doi.org/10.1111/j.1559-1816.2007.00278.x

Sutton, S. 1998. Predicting and Explaining Intentions and Behavior: 
How Well Are We Doing? Journal of Applied Social Psychology, 
28(15): 1317–1338.
http://dx.doi.org/10.1111/j.1559-1816.1998.tb01679.x

Terry, D. J. 1993. Self-Efficacy Expectations and the Theory of 
Reasoned Action. International Series in Experimental Social 
Psychology, 28(2): 135–151.
http://dx.doi.org/10.1207/s15326985ep2802_3

Terry, D. J., & Hogg, M. A. 1996. Group Norms and the Attitude-
Behavior Relationship: A Role for Grop Identification. Personality 
and Social Psychology Bulletin, 22(8): 776–793.
http://psycnet.apa.org/doi/10.1177/0146167296228002

Thomas, R. K., Terhanian, G., & Bayer, L. R. 2004. Behavioral 
Intention Measurement: International Findings. In Proceedings of 
International Sociology Association’s 6th International Conference 
on Social Science Methodology: 16–20. Amsterdam, Netherlands: 
International Sociology Association.

Titze, S., Stronegger, W. J., Janschitz, S., & Oja, P. 2008. Association of 
Built-Environment, social-Environment and Personal Factors with 
Bicycling as a Mode of Transportation among Austrian City 
Dwellers. Preventive Medicine, 47(3): 252–259.
http://dx.doi.org/10.1016/j.ypmed.2008.02.019

Venkatesh, V., Brown, S. A., Maruping, L. M., & Bala, H. 2008. 
Predicting Different Conceptualizations of System Use: The 
Competing Roles of Behavioral Intention, Facilitating Conditions, 
and Behavioral Expectation. MIS Quarterly, 32(3): 483–502.
http://www.jstor.org/stable/25148853

Venkatesh, V., Morris, M. G., Davis, G. B., & Davis, F. D. 2003. User 
Acceptance of Information Technology: Toward a Unified View. 
MIS Quarterly, 27(3): 425–478.
http://www.jstor.org/stable/30036540

Wardman, M., Hatfield, R., & Page, M. 1997. The UK National Cycling 
Strategy: Can Improved Facilities Meet the Targets? Transport 
Policy, 4(2): 123–133.
http://dx.doi.org/10.1016/S0967-070X(97)00011-5



Technology Innovation Management Review February 2017 (Volume 7, Issue 2)

50www.timreview.ca

Needsfinding in Living Labs: A Structured Research Approach
Louise Savelkoul and Murk Peutz

Appendix 1.  Multiple regression analyses 

A. Main analyses
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Appendix 1.  Multiple regression analyses (continued)

B. Additional analyses
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