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ABSTRACT

Introduction Healthcare is increasingly challenged to
meet the demands of user involvement and knowledge
mobilisation required by the 21st-century patient-centred
and knowledge-based economies. Innovations are needed
to reduce problematic barriers to knowledge exchange and
improve collaborative problem solving. Living labs, as open
knowledge systems, have the potential to address these
gaps but are underexplored in healthcare.

Methods and analysis We will conduct the first
systematic review of living labs across healthcare
contexts. We will comprehensively search the following
online databases from inception to 31 December 2020:
Scopus, the Cochrane Library (Wiley), Medline (OVID),
Embase (OVID), Web of Science, PsycINFO (OVID) and
EBSCOhost databases including Academic Search
Complete, Business Source Premier, Canadian Reference
Centre, CINAHL, MasterFILE Premier, SPORTDiscus, Library
& Information Science Source, Library, Information Science
& Technology Abstracts, AgeLine, EconLit, Art Full Text,
Women'’s Studies International and Social Work Abstracts.
We will search for grey literature using Google advanced
techniques and books/book chapters through scholarly
and bibliographical databases. We will use a dual-reviewer,
two-step selection process with pre-established inclusion
criteria and limit to English language publications.
Empirical studies of any design examining living lab
development, implementation or evaluation in health or
healthcare will be included. We will use the Mixed Methods
Appraisal Tool (MMAT) for methodological quality appraisal
and Covidence software for review management, and

we will extract data on pre-established variables such as
lab context and technological platforms. We will create
evidence tables and analyse across variables such as
focal aim and achievement of living lab principles, such

as the use of cocreation and multimethod approaches. We
will tabulate data for descriptive reporting and narrative
synthesis to identify current applications, approaches and
promising areas for living lab development across health
contexts.

Ethics and dissemination Ethical approval was not
required for this review. This review will inform research
into living labs in health environments, including guidance
for a living lab in paediatric rehabilitation. Academic
publications shared through collaborative networks

and social media channels will provide substantive
knowledge to the growing tech-health development

sector and to researchers, practitioners and organisations
seeking enhanced patient/stakeholder engagement and
innovations in knowledge translation and evidence-based
practice.

,! Sandra Wiebe," Kendra Rieger,? Janice Linton,*

Strengths and limitations of this study

» This will be the first systematic review on living labs
in healthcare and will incorporate a range of pub-
lished and grey literature sources.

» A dual-reviewer process will be used throughout to
reduce risk of bias and increase likelihood of com-
prehensive study identification and inclusion.

» Non-English literature will be excluded, which may
under-represent the extent of living lab develop-
ment and use across geographically diverse health
contexts.

PROSPERO registration number CRD42020175275

INTRODUCTION

First introduced in the early 2000s as a means
to catalyse end-user engagement with inno-
vation, living labs emerged as user-focused,
open data gathering, sharing and exchanging
platforms intended to facilitate collabora-
tive problem solving in real-life settings.l 2
Despite widespread growth of living labs in
urban planning and civil design, living labs
have received comparatively little attention
in healthcare.” Living labs hold great poten-
tial as open knowledge exchange platforms
in health settings3 creating opportunities to
improve participant engagement in research
and healthcare.! * Although research is
emerging on living labs in healthcare, no
systematic review (SR) exists on this topic. We
attend to this gap by proposing the first SR on
living labs in healthcare.

Innovation, engagement and knowledge
translation

Innovation in healthcare practice and
research increasingly involves the collec-
tive collaboration of multiple stakeholders.”
This sentiment is reflected in abundant
practices and associated terminology, both
emergent and established. Terms such as
codesign, experience-based codesign, user-
centred design, design thinking, patient-
oriented research and integrated knowledge
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translation (iKT), for example, reflect at a minimum a
commitment to participant/end-user engagement and
concurrent recognition of the value of incorporating
multiple perspectives through dynamic knowledge
exchange processes (ie, interactive information sharing
and problem solving occurring between researchers and
knowledge users).® Among these, knowledge translation
(KT) and patient engagement are predominant narratives
of contemporary western healthcare and health research;
their value is affirmed through funding agency require-
ments and the continued emergence of ‘new’ communi-
cative and collaborative approaches (eg, arts-based KT)
appraised as more innovative, more engaging and more
reflective of end-user perspectives of healthcare.” Concur-
rent recognition of the value of end-user experiences,
knowledge and expertise and knowledge that research
evidence produced through patient-engaged strategies
may be more relevant to knowledge users, better aligned
with stakeholder priorities and more likely to improve
the patient experience of healthcare further merit stake-
holder involvement.*'” These recognitions have also
prompted attention towards the processes, systems and
structures in place within healthcare to achieve such
objectives.

Indeed, despite knowledge of the critical importance
of KT and patient engagement, approaches to patient
engagement have not uniformly followed suit, often token-
ising involvement and expending extensive resources in
the process.® Similarly, approaches to KT have inconsis-
tently achieved their desired results, with research-centric
agendas, an emphasis on rationality and linearity in
decision-making and a lack of sensitivity to local practice
context among the many factors cited as barriers to this
attainment.” "2 Identifying alternative mechanisms and
systems to support end-user engagement and knowledge
exchange within health systems is needed. Such a para-
digm, capable of entwining patient engagement with KT
and embedding it within healthcare settings, could enable
the living generation, exchange and mobilisation of
research evidence sensitive to local context. One such
approach that has historically been underexplored in
healthcare but is pertinent to the collaborative agenda of
present-day health research and care practices is that of
the living lab.

Living labs

Since first documented in the literature in the early
2000s, living labs have been emerging as highly prom-
ising, user-centred, open innovation systems that inte-
grate research cocreation and knowledge exchange in
reallife settings.” " '* Living labs involve a designated
space (ie, virtual or physical), generally with the aim of
leveraging stakeholder collaboration and shared ideation
in order to solve social problems."” While often created to
foster collaborative innovation and bidirectional informa-
tion sharing, organisationally embedded living labs can
inform problem identification, data gathering, creative
data sharing and rapid prototyping of concepts towards

sustainable knowledge sharing systems.'™ ¥ '* Despite
the myriad of possibilities for living labs in catalysing
innovation and their global emergence over the past 20
or so years, research into living labs was still classified as
nascent as recently as 2015, and in 2016, research into
living labs was classified as ‘insignificant’ in relation to
quality.'® Among the calls for further research develop-
ment in the field has been the need for more comprehen-
sive reviews of existing literature.'” ' ** In this regard, no
SR has been conducted on the development and use of
living labs within health contexts.

However, previous reviews on living labs in other
sectors provide insight into their theoretical foundations,
methods, aims, domains of applications and outcomes,19
as well as the general state of the theoretical and practical
domains of the field. Folstad and colleagues'? conducted
whatappears to be the earliest review on this topic, specific
to information communication technology. Reviews have
explored the evolution of the living lab concept® and in
reference to ‘grassroots’ innovation.”! Two SRs of living
lab literature not specific to health'” '® were also identi-
fied. These reviews contribute to an understanding of
living lab principles and illuminate useful considerations
pertaining to sustainability and governance, for example,
without meaningful engagement with health-related
concepts. Specifically, Hossain and colleagues' identify
technological infrastructure, a stakeholder infrastruc-
ture, community involvement and end-user community
positioning as principle characteristics of living labs.
Similarly, the living lab methodology handbook identi-
fies multimethod approaches, user-engagement, multiple
stakeholders, real-life settings and cocreation of an envi-
ronment for innovation as the five key elements of the
living lab approach.” With an emerging global presence
with predominant European concentration and with
inherent inclusion of multiple disciplines and stake-
holders, living labs hold promise in multiple sectors
beyond sustainability and development wherein they are
more commonly employed. Within the health context,
an integrative review of living labs in health® was located,
which identified some theoretical components of living
labs pertinent to inpatient and community-based health
services. However, this review was limited by the exclusion
of grey literature and a lack of reporting on the date of
search, both critical components for inclusion in a review
of a rapidly growing field of study.” It is clear that despite
burgeoning interest in living labs for innovation, living
labs remain underexplored and underdeveloped within
health systems, and there appears to be an overemphasis
on user roles as ‘testers’ of a prototype or service, rather
than alternative roles, such as developers or designers of
innovation.” As such, the valuable cross-sectoral learning
theoretically possible through living lab integration
within the health sector has not yet been realised or fully
explored.” * ¥ * Establishing an understanding of how
living labs have been developed and used in healthcare
environments is a critical first step towards maximising
the potential of living labs in healthcare. The proposed
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study will respond to this gap by conducting the first SR
on living labs in healthcare environments internationally,
in order to identify promising applications and catalyse
an emerging research programme exploring novel
knowledge generation and exchange using living labs in
healthcare as well as supporting the development, imple-
mentation and evaluation of living labs across receptive
health contexts. In addition, this SR will provide specific
guidance for an innovative knowledge mobilisation
project leveraging identified living lab principles and
methods a clinical paediatric rehabilitation environment,
led by the lead author (MA) 2

Study purpose and objectives

The objective for this SR is to systematically locate, identify
and synthesise existing literature on living labs within health
contexts. This project will assess and report on empirical
studies describing the development, implementation and/
or evaluation of living labs in healthcare environments
irrespective of setting (eg, community, clinical and admin-
istrative) to identify current aims, processes, methods,
frameworks, tools, user roles and disciplinary and geograph-
ical domains of application, as well as to document existing
knowledge gaps. To this end, this SR will (1) identify, assess
and report on empirical studies of any design that describe
the development, implementation and/or evaluation of
living labs in healthcare environments; (2) identify current
uses, purposes and methods in the development of living
labs; (3) describe the characteristics of living labs in rela-
tion to existing frameworks and typologies, including those
sensitive to theory and user involvement; (4) identify factors
related to living lab implementation and sustainability; (5)
report on the effectiveness, meaningfulness and appro-
priateness of living labs for specific healthcare outcomes
and populations; (6) identify strengths and shortcomings
in current applications and empirical literature; and (7)
identify strategies to facilitate the future development and
implementation of living labs in healthcare. In accordance
with these objectives, our predominant research questions
are as follows: (1) What are the uses, purposes and methods
of living labs in health contexts? (2) What are the charac-
teristics of living labs as executed within health contexts, in
relation to core characteristics, tools, frameworks and user
typologies? (3) What are the factors related to living lab
implementation and sustainability across health contexts?
(4) What are the reported outcomes of living labs related
to feasibility, appropriateness or effectiveness across health
contexts? (5) What is the effectiveness, meaningfulness
and appropriateness of living labs for specific healthcare
outcomes and populations? (6) What are some strategies to
facilitate the development, implementation and evaluation
of living labs in healthcare?

METHODS

Methodology

We will conduct a SR guided by the rigorous method-
ological guidelines developed by Mays et al to support

the synthesis of evidence from multiple evidence
sources.” The inclusion of multiple evidence sources
(published and unpublished/grey) and methodologies
(qualitative, quantitative and mixed methods) of any
design (eg, exploratory, descriptive, experimental) is
necessary to accommodate the nature of the research
being conducted on living labs. Extant reviews confirm
that literature on living labs extends beyond the use of
randomised controlled trials (RCTs), controlled before
and after; studies; and interrupted time series—study
designs of frequent interest to researchers conducting
SRs of effectiveness. Growing recognition of the multiple
evidence sources used in healthcare decision-making and
implementation supports the methodological principle
of inclusivity guiding this review.**

Search strategy and information sources

We will consult a health research librarian (JL) to develop
a strategy for information retrieval and who will carry out
comprehensive searches of bibliographical databases
to identify scholarly articles, books and book chapters
and grey literature writing in the English language on
this topic from inception to 31 December 2020 (online
supplemental file 1). Restricting to English language
evidence is informed by data demonstrating no empirical
bias when this restriction is in place.”” Tailored keyword
searches will be executed across the following biomedical
and interdisciplinary databases: Scopus, Medline (OVID),
Embase (OVID), Web of Science, PsycINFO (OVID)
and EBSCOhost databases including Academic Search
Complete, Business Source Premier, Canadian Reference
Centre, CINAHL, MasterFILE Premier, SPORTDiscus,
Library & Information Science Source, Library, Informa-
tion Science & Technology Abstracts, AgeLine, EconLit,
Art Full Text, Women’s Studies International and Social
Work Abstracts. Grey literature will be searched using
keywords pertinent to living labs and health as identi-
fied in consultation with the research librarian and using
Google advanced techniques until data saturation is
reached. Reference lists will be mined to ensure pertinent
articles are identified.

Inclusion and exclusion criteria

Study design

We will include empirical articles, books and book chap-
ters of any methodology (eg, qualitative, quantitative
and mixed methods) and design (eg, descriptive, exper-
imental). We will include published resources wherein
the full text is available to us, pending a maximum of two
requests made to corresponding authors. Conference
proceedings reporting full or interim results pertinent to
living labs in health will be included. If empirical data are
not available, conference reports will be used to analyse
trends in emerging literature versus existing works, cita-
tion and literature mapping and flagging for forthcoming
publication of the work. Editorials, commentaries,
opinion pieces, non-empirically based book chapters,
review and methodological or theoretical articles will be
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excluded but will be used to identify original studies and
situate the findings within the broader context of the
field.

Participants and setting

We will include studies where participants are recipients
or providers of healthcare or stakeholders or knowl-
edge users identified as pertinent to the living lab in the
primary study.

Intervention

Studies that examine or discuss the development, imple-
mentation and/or evaluation of living labs for any health-
related purpose and in any population or context will be
included. Empirical articles that do not specifically refer
to or self-classify as living labs but that may demonstrate
overlap in terms of innovative and user-centred principles
will be excluded.

Outcomes

We will extract outcomes related to how living labs have
been used and for which purposes within the context of
health in relation to the development, evaluation and
achievement of living lab principles—including outcomes
pertinent to feasibility, appropriateness and effectiveness
of living labs, in reference to their stated aims.

Data management

We will use Covidence review management software
(Veritas Health Innovation, Melbourne, Australia) to
manage all stages of the SR. Covidence is an internet-
based platform reported to reduce SR times by 35%*° and
improve adherence to SR methodology.”’

Study selection

A blinded dual-reviewer, two-step selection process with
pre-established inclusion criteria will be used to reduce
risk of bias. During the primary screening, two trained
reviewers will independently screen for relevancy of the
titles and abstracts of all articles retrieved through data-
base searches. Reviewers will include trained research
assistants and research technicians, who will be blinded
from each other’s decision for inclusion. Inclusion criteria
for the primary screening will trend towards inclusivity;
broad understandings of health and health contexts will
be used and operationally defined, a priori. Each article
will be classified as ‘relevant’, ‘irrelevant’ or ‘unclear’;
articles designated as ‘unclear’ decision will be re-exam-
ined during secondary screening. Inter-rater reliability
will be assessed using kappa coefficient, with a 0.80 coef-
ficient recognised as appropriate. Interrater reliability
will be checked after the first ten articles are screened
in order to identify early challenges with the screening
process and rechecked at the end of primary screening
to support transparency and rigour of decision-making
and reporting. For the secondary screening, two trained
reviewers (eg, research assistants and research techni-
cians) will independently review the full texts of articles
previously identified as ‘relevant’ or ‘unclear’ against

pre-established inclusion criteria (online supplemental
file 2), delineated within the Covidence software in a
series of yes/no criteria. Discrepancies will be resolved
through consultation with a third reviewer (lead author,
MA), who will be blinded from which reviewer did not
vote ‘relevant’ to reduce bias. If the full texts of poten-
tially relevant studies are not available, we will contact the
listed corresponding author twice with a wait period of
1week between contacts. If this approach is unsuccessful,
the article will be excluded (with justification noted)
from the review.

Data extraction

We will use a two-step, two-reviewer hybrid process,
wherein a reviewer will independently extract data of
included studies and a second reviewer will verify all
extraction data points. Reviewers will extract only those
data reported in the studies directly into data extraction
forms managed in Covidence. The forms will be pilot
tested on a random sample of five studies and revised if
necessary. Discrepancies in data extraction will be resolved
through consultation with a third reviewer (lead author,
MA). We will extract from each article the following infor-
mation: title; authors (first and corresponding); author
contact details; year of publication; journal, website,
publication or conference title; study title; study purpose;
study design; population; predominant health disciplines
involved; methods and achievement of living lab prin-
ciples (eg, cocreation, multimethod approaches, user
engagement, multistakeholder perspective and real-life
setting application); theoretical framework; technological
platform; user roles; tools supporting innovation; contex-
tual attributes; ethical considerations; outcomes assessed
(including process outcomes); main findings with themes
and subthemes relevant to our review questions; signif-
icance, non-significance or unclear significance for
main outcome variables; reference to meta-inferences
from integration when applicable; and sustainability.
Multiple reports from a single study will be collated as
a single resource in the SR. Corresponding authors will
be contacted in the event of inconsistent or incomplete
reporting of findings. Data extraction will commence
concurrently with study selection after agreement on
each resource (eg, article and chapter) has been attained
(table 1)

Methodological quality appraisal

We will use the MMAT V.2018* (online supplemental
file 3) to appraise methodological quality of the included
studies within Covidence, using the hybrid process
described above. As this SR will be inclusive of qualita-
tive, quantitative and mixed method studies, the MMAT
was selected given that it is a single tool that can be used
to appraise the methodological quality of different study
designs.* * This tool emerged out of a need to mitigate
against the time and logistical challenges of locating
and using multiple appraisal tools for different types of
studies when conducting a SR inclusive of multiple study
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Table 1 Summary of review timeline

PROSPERO

registration date Search dates screening

Primary and secondary Data extraction and

quality assessment Analysis and reporting

19 March 2020
2020

3 April-31 December April-31 December 2020 November 2020-March  April-July 2021

2021

designs.29 3 A user guide is included with the tool, which
aids in consistent quality appraisal between multiple
reviewers.” In addition, the MMAT provides specific
criteria for mixed method studies, which are often not
found in other tools.? The MMAT includes criteria of five
categories of study designs that are the most commonly
found in mixed method SRs**’: (I) qualitative, (II) RCT,
(IIT) non-randomised, (IV) quantitative descriptive and
(V) mixed method studies. The MMAT focuses on five
core relevant methodological criteria for each study
design, which are rated on a scale of ‘yes’, ‘no’ and ‘can’t
tell’, in order to provide time-effective and consistent
appraisals.29 0 To date, there have been three versions
of the MMAT, including 2006, 2011 and 2018, respec-
tively. Revisions to the tool have focused on improving
content Validity29 % with the 2018 revision specifically
focusing on improving the content validity for the qual-
itative, survey and mixed method criteria.”® Validation
studies have demonstrated sensitivity to the unique meth-
odological characteristics of diverse qualitative, quantita-
tive and mixed method study designs,31 which is critical
to a SR of the proposed breadth. Any discrepancies in
assessing methodological quality using the MMAT will
be resolved through consultation with the lead author
(MA). Given the emerging nature of this field, studies
will not be excluded on the basis of methodological
quality, to ensure a rich and inclusive representation of
activity in this field.?! Data on methodological quality will
be reported to provide context to the body of literature
identified.

Data analysis and synthesis

Previous reviews on living labs suggest extant research will
be predominantly qualitative or descriptive in nature.'” '°
Given this, and the extent of expected heterogeneity, we
do not anticipate conducting a meta-analysis or risk-of-
bias assessment as would be expected with a review of
RCTs, for example, or a formal evaluation of the quality
of evidence using Grading of Recommendations, Assess-
ment, Development and Evaluations. We will construct
evidence tables to facilitate the categorisation and analysis
of domain information across core extraction variables.
We will use narrative synthesis® to explore relationships
within the data, and when necessary, a combination of
inductive thematic analysis to identify categorical domains
not reflected in existing living lab literature and deduc-
tive content analysis to code narrative data and enable
descriptive statistical analysis. For quantitative studies,
we will classify main and process outcomes as signifi-
cant, non-significant or unclear. Reported theoretical

frameworks will be examined comparatively in relation
to operationalisation of living lab principles and achieve-
ment of intended outcomes. We will conduct descriptive
and narrative subgroup comparisons to consider differ-
ences in innovation tools, user roles and other living lab
principles in reference to populations, context, identi-
fied outcomes and attainment of outcomes. The lead
author (MA) will direct this analytical process, which will
also involve research assistants and technicians as well
as discussion with collaborating researchers, to ensure
comprehensive and accurate interpretation of evidence
tables by which narrative summaries and recommenda-
tions will be built.

Patient and public involvement

Patients will not be involved in the design, conduct,
reporting or dissemination of the SR. This decision was
made given the nature of this review as highly complex
and broad; the purpose of the review, which was to
provide an overview of living lab research in healthcare;
and that resources for this project rendered participa-
tory approaches unfeasible. However, opportunities for
patient and public involvement will be more fully realised
when the SR findings are used to operationalise a clin-
ical living lab in paediatric rehabilitation and members
of our family coresearch and parent advisory group will
have opportunities to confer on the operationalisation of
the SR findings.

Registration and reporting

This protocol was submitted for registration with the
International Prospective Register of Systematic Reviews
(CRD42020175275) on 19 March 2020 (table 1). We used
the Preferred Reporting Items for Systematic Reviews and
Meta-Analysis Protocols while preparing this protocol
(online supplemental file 4).

ETHICS AND DISSEMINATION

No ethical review was required. We will disseminate find-
ings from the SR findings through summary reports
and findings publication(s), presenting our findings at
conferences to facilitate research reach, listing of project
description and associated outputs on investigator-
affiliated websites and professional web-based accounts,
concurrent dissemination through professional social
media accounts and clinical and parent/family advisory
coresearch and collaborative channels established for
the operationalisation of the SR findings through the
clinical living lab project.” The proposed review has the
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potential to inform user-centred innovation through
living lab methodology in health contexts worldwide,
by highlighting current practices and opportunities for
further development. Findings will inform the develop-
ment of future projects with the lead author’s research
programme involving developing, implementing and
evaluating living labs and associated projects in various
receptive health contexts. Findings will directly inform a
concurrent, independently funded project by lead inves-
tigator MA (Archibald M, unpublished data, March 2020)
focused on the codesign of a living laboratory in paedi-
atric rehabilitation, wherein stakeholders (eg, families,
health providers, administrators and researchers) will
engage in a robust collaborative and coresearch process
and operationalise the SR findings.**

DISCUSSION

Existing SRs on living labs are not specific to health and
do not engage with health-related concepts or the diverse
range of possible applications in any significant manner.
Existing literature reviews on living labs in healthcare
demonstrate design limitations including shortcomings
in reporting and comprehensiveness that limit the utility
and trustworthiness of findings. In addition to its rigorous
and transparent methodology and unique knowledge
contribution, this review will depart from existing SRs
in its warranted health focus, which was identified as an
underexplored yet promising domain for collaborative,
multistakeholder and innovative knowledge mobilisation
innovations. Indeed, while we expect that study hetero-
geneity and a predominance of qualitative and descrip-
tive research will prevent meta-analysis but enable tabular
descriptions and thematic analysis, as the first SR on this
topic, this work will provide the basis for informing subse-
quent user-centred innovation in healthcare using living
lab methodology. Given the overlap between the princi-
ples of living labs and other concepts and practices incor-
porating user involvement, collaboration and knowledge
exchange (eg, codesign and iKT), researchers and practi-
tioners working in these areas may also benefit from the
forthcoming SR findings.

Numerous concurrent influences, fields of study and
implementation considerations in healthcare highlight
the potential timeliness of the living lab approach. A
sustained interest in patient-centred and family-centred
care, a user-centred healthcare economy and growing
emphasis on transdisciplinary and cross-sectorial collab-
3235, 2 movement towards cutting-edge technolog-
ical integrations (eg, artificial intelligence and machine
learning)®* *°; and long-standing challenges in ensuring
the timely mobilisation of research evidence (includin
evidence of lived experience) into health contexts™
including related issues with the sustainability and context
specificity of such approaches suggest that new concep-
tualisations and approaches are needed. Living labs, as
a boundary-spanning innovation model with untapped
potential in healthcare, demonstrate potential to support

these interrelated aims. However, maximising their utility
is contingent on a more thorough understanding of their
principles as well as the lessons gained through living
lab development and operationalisation across health
contexts.

Twitter Mandy Archibald @Mandy_Archibald
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