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Abstract 

Psychotic disorders like schizophrenia have a typical onset in early 
adulthood with characteristic symptoms of hallucinations and disturbances 
of thought, making it challenging to establish and maintain relationships. 
These illnesses have a significant impact on health with major economic 
consequences globally. Despite knowledge on what constitutes effective 
schizophrenia care, more than 70% of treatment attempts fail for individuals 
with schizophrenia in Sweden, sometimes leading to early death. An 
appraisal of psychosis and schizophrenia care in the west of Sweden shows 
that the possibilities for patients and healthcare professionals to 
systematically move towards better health is restricted, due partly to lack of 
ways to jointly plan and evaluate care, and an absence of a trustworthy 
theory-of-change. The Learning Health System (LHS) is a vision that has 
been translated into theories and models associated with systematically 
improved outcomes for patients with other chronic conditions. The aim of 
this thesis is to enhance the understanding of the applicability of the LHS 
vision in the context of schizophrenia care, from the perspectives of both 
individuals and the health system in enabling coproduction of better health. 
This aim is addressed through two research questions:  

i) How can improvement of health for individuals with 
schizophrenia and improvement of system performance be supported 
by coproduction in an LHS model? 
ii) Can an LHS-based intervention, i.e. the use of a point of care 
dashboard, contribute to better health for individuals with 
schizophrenia? 

Two research processes with different designs have been used. The first 
focused on gathering, assessing, discussing, and evaluating existing 
published knowledge of LHS functionality and characteristics using different 
literature review methods. The second process, using a case study design, 
grounded in the first, focused on assessing local development and testing of 
new ways of working in line with the notion of LHSs at the Department of 
Schizophrenia Spectrum Disorders at Sahlgrenska University Hospital in 
western Sweden. This was done by studying the use and usefulness of a 



 

 

point-of-care dashboard to support patients and healthcare professionals 
during patient visits in psychiatric outpatient care. 

The study of the literature shows that the concept of LHS has not yet 
been applied in mental healthcare settings but has potential to increase 
patient coproduction, continuous improvement and better health. Different 
forms of coproduction are supported in the most comprehensive LHS models 
and applications and are used to mobilize stakeholders resources and 
engagement towards a common aim supported by technologies, ranging 
from dashboards at point of care to social-media-like platforms that can help 
facilitate communication, shared resources and improvement initiatives. The 
case study showed that use of a point of care dashboard is associated with 
improved communication and health for individuals in psychosis care. 
Assessment of dashboard-project’s complexity using the Non-adoption, 
abandonment, scale-up, spread and sustainability complexity assessment tool 
(NASSS-CAT) was perceived as helpful in evaluating challenges and 
provided insight that can guide future development. An LHS model, that 
builds on both the reviewing of the literature and practical testing, is 
proposed, to be used to support development towards an LHS for 
schizophrenia and similar severe mental illnesses (SMI). 

Through this thesis, some LHS essentials have been identified that 
can guide further development: i) recognize being in a complex adaptive 
system (CAS), ii) promote joint action in coproduction, iii) use supportive 
technologies to, iv) enable complete learning cycles, vi) that make use of 
outcome measures to guide improvement. Further research is proposed in 
two areas. First, further exploration, preferably connecting different 
dashboard-like initiatives, studying what features, functionality and 
interaction that supports patient coproduction and better health for 
individuals with complex chronic conditions. Second, any model is a work in 
progress. An LHS model, e.g. as the one proposed in this thesis, could be 
used and further developed if studying different LHS initiatives regarding 
system properties, multiple forms of coproduction at play and effects on 
health outcomes for individuals and populations.  

 
Keywords: Coproduction; Learning Health Systems; Schizophrenia, 

Severe Mental Illness; Psychiatry; Quality Improvement; Improvement 
Science; Complex Adaptive Systems 



 

 

Sammanfattning 

Schizofreni och liknande psykossjukdomar debuterar vanligtvis i ung vuxen 
ålder med symtom som vanföreställningar och tankestörningar, vilket bidrar 
till svårigheter av många slag, t ex att etablera och upprätthålla relationer. 
Dessa tillstånd har omfattande påverkan på individers hälsa och 
välbefinnande, och genererar stora samhällskostnader. Trots att det finns 
kunskap om vad som utgör effektiva behandlingar så avbryts över 70% av 
behandlingsförsök i förtid i Sverige, vilket ibland leder till för tidig död. En 
kartläggning av psykos- och schizofrenivård i några regioner visar på 
svårigheter för både patienter och behandlare att systematiskt navigera mot 
bättre hälsa för individer. Detta beror dels på bristande sätt att gemensamt 
planera och utvärdera vård, och på avsaknad av en trovärdig teori om hur 
förändring kan drivas. Visionen om det lärande hälsosystemet (eng. Learning 
Health System, LHS) har omsatts till teorier och modeller som använts för 
att systematiskt förbättra hälsoutfall för patienter med andra kroniska 
tillstånd. Syftet med denna avhandling är att öka förståelsen för LHS och 
dess användbarhet inom schizofreni- och psykosvård i samskapandet av 
bättre hälsa, både ifrån patientens och hälso- och sjukvårdssystemets 
perspektiv. Detta syfte adresseras genom två forskningsfrågor: 

i) Hur kan förbättring av hälsa för individer med schizofreni och 
förbättring av systemets funktion stödjas genom samskapande (eng. 
coproduction) i en LHS modell? 
ii) Kan en LHS-baserad intervention, användningen av en digital 
patientöversikt under vårdbesök, bidra till bättre hälsa för individer 
med schizofreni? 

Två processer med olika forskningsdesign har använts. Den första processen 
har fokuserat på att samla, kartlägga, diskutera och utvärdera tillgänglig 
forskningslitteratur om LHS funktionalitet och karaktäristika genom att 
använda olika metoder för litteraturgenomgång. I den andra processen 
tillämpas fallstudiemetodik, grundat på den första processen, fast med fokus 
på att utvärdera lokal utveckling och testning inom psykosvård på 
Sahlgrenska universitetssjukhuset i Göteborg, av nya arbetssätt som bygger 
på idéer om LHS. Detta gjordes genom att studera användning och nytta av 



 

 

en patientöversikt för schizofreni utformad för att användas av patienter och 
behandlare under vårdbesök inom öppenvård. 

Litteraturgenomgången visar att LHS idéer ännu inte tillämpats 
inom psykiatrisk vård, men att det finns potential att öka samskapande, 
kontinuerliga förbättringar och stödja bättre hälsa. Olika former av 
samskapande stöds i de mest kompletta LHS modellerna och dess 
tillämpningar i praktiken. De stödjer mobilisering av intressenters resurser 
och engagemang i strävan mot ett gemensamt mål, med stöd av teknologier, 
allt från patientöversikter till stöd under besök till sociala-medie-liknande 
plattformar som kan stödja kommunikation, utbyte av material och 
gemensamma förbättringsinitiativ. Fallstudien visade positiva resultat 
associerade till förbättrad kommunikation och hälsa för individer i 
psykosvård, när de använde patientöversikten under besök i vården. 
Kartläggning av patientöversiktsprojektets komplexitet med verktyget 
NASSS-CAT (the Non-adoption, Abandonment, Scale-up, Spread and 
Sustainability-Complexity Assessment Tool) uppfattades som användbart för 
att förstå och utvärdera utmaningar och bidrog till insikter som stödjer den 
fortsatt utvecklingen. Utifrån avhandlingens delarbeten föreslås en modell 
som grund för fortsatt utveckling av ett LHS för psykiatri. 

LHS egenskaper som kan guida fortsatt utveckling har identifierats 
genom arbetet med denna avhandling: i) identifiera systemet som ett komplext 
adaptivt system, ii) stödja samskapande mellan aktörer, iii) använda stödjande 
teknik, iv) för att möjliggöra fullständiga lärcykler, v) och använda utfallsmått 
för att guida förbättringar. Identifierade svårigheter, såväl i litteraturen som i 
empiriska studier, i att omsätta LHS-idéer, beror sannolikt på olika syn på 
kunskap, och om komplexitet adresseras eller inte. Framtida forskning 
föreslås inom två områden. För det första, fortsatt utforskande av olika 
patientöversiktsinitiativ för att undersöka vilka egenskaper, funktioner och 
former för samarbete som stödjer samskapande av bättre hälsa för individer 
med komplexa kroniska tillstånd. För det andra, teorier och modeller över hur 
förändring kan drivas blir aldrig färdiga utan kan kontinuerligt utvecklas. En 
LHS-modell, som den som föreslås i denna avhandling, kan användas och 
fortsätta utvecklas genom att studera olika LHS-initiativ när det gäller 
systemegenskaper, olika former av samskapande och effekter på hälsoutfall 
för individer och populationer.  
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1. Prologue 

Having spent several years in psychiatric services as a clinical psychologist, 
I have had the privilege to meet many patients for assessment and treatment 
of a wide range of psychiatric illnesses including schizophrenia and other 
psychotic disorders. Over time, it was evident that our systems do not seem 
to support navigating toward better health outcomes for these patients. As a 
result, the arbitrariness of psychiatric care, not knowing the effects for 
patients, led me to accept the opportunity to work as a quality improvement 
officer in the psychiatric organization for a region in southwest Sweden. 
Moving from having been a clinical psychologist directly meeting patients to 
assessing how the psychiatric services meet the needs of the patients 
strengthened the notion that there was a lack of trustworthy ideas on how to 
develop psychiatric care to support better health for these patients. 
Discussions I participated in within and across organizations led me to 
participate in different development projects. I served as a project lead in 
multiple local, regional, and national projects related to data-driven quality 
improvement efforts. Through these efforts, I gained insights into how 
psychiatric services function across Sweden and developed a deeper 
knowledge of the initiatives taken to improve the quality of service, 
especially service related to the psychiatric National Quality Registries 
(NQR) and other registries at The Swedish Association of Local Authorities 
and Regions (SALAR) and at the National Board of Health and Welfare. In 
addition to gaining deeper insights into how things worked or did not work, I 
became familiar with patient reported outcome measures (PROM), more 
elaborate quality registry models, and other initiatives that seemed to work 
well, despite the complex and sometimes chronic nature of patients’ 
illnesses. 

When transitioning to start work at the Department of Schizophrenia 
Spectrum Disorders (Psykiatri Psykos) at Sahlgrenska University Hospital, I 
became involved in developing how we evaluated and supported quality 
improvement of care at the department. This was done in close collaboration 
with other psychiatric departments at the hospital and people with deep 
knowledge of information systems as well as with patients and healthcare 
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professionals. Along with other initiatives, this led to development of reports 
and user interfaces that were created to support patients, clinicians, and 
managers to navigate towards better healthcare and optimally better health 
outcomes for patients. With support from my employer, I was given the 
opportunity to study the local development work in a journey towards a PhD 
at the School of Health and Welfare at Jönköping University in parallel with 
my daily work, participating in the development at the department. The 
supervisors and senior researchers at Jönköping University generously shared 
their knowledge and connections in their networks, providing me 
opportunities to explore, learn, and discuss matters related to this thesis with 
highly experienced healthcare leaders and renowned international researchers. 
Working close with healthcare professionals, patients, managers, as well as 
researchers and supervisors in academia provided input into what worked with 
a potential to bridge research and practice in a process of joint learning, 
knowledge and experience that have led to this thesis. 

  



 

3 

 

2. Introduction 

Ana is a 34-year-old woman who has suffered from psychotic symptoms since 
she was in her early twenties. The early symptoms were primarily depression 
and anxiety. Her parents had separated earlier, and her father moved out of 
town. She had exceptionally good grades in school and enjoyed studying but 
was forced to quit studying at the university due to increased stress, some of it 
possibly a result of cognitive impairment and decreased social functioning. 
When hallucinations and delusions increased and became obvious, she was 
given antipsychotics for the first time. She could not cope with living on her 
own, being depressed and sometimes suicidal, and moved from her apartment 
to stay at her mother’s place. She consulted with several psychiatrists over the 
following years. Several diagnostic procedures resulted in a schizophrenia 
diagnosis at age 28. Ana tried different medications but experienced side 
effects hard to cope with. Later, Clozapine was introduced and is her primary 
antipsychotic drug currently. Her drug treatment has at times been combined 
with various psychosocial interventions. Since the onset of her psychotic 
symptoms, three psychotic episodes have resulted in emergency inpatient care 
at the local hospital. Even though she fears another episode, she longs for her 
own apartment and the possibility to continue her studies at the university. A 
year has passed since she last saw her psychiatrist for a yearly check-up and 
she is unsure if her medication is effective, or if there is anything else that can 
be done to increase her chances of living independently, creating her own life. 
This all worries her. 

 

Despite the extensive research on what constitutes effective schizophrenia 
care and the many efforts in turning it into practice, individuals with 
schizophrenia in Sweden experience failure in more than 70% of treatment 
attempts, defined as discontinuation or change to another medication, suicide 
attempt, or death[2]. An appraisal of psychosis and schizophrenia care in the 
western Sweden[3] shows that the possibilities for patients and healthcare 
professionals to get an overview of what works and to systematically move 
towards better health are restricted, due partly to lack of ways to jointly plan 
and evaluate care and, more fundamentally, an absence of a trustworthy 
theory-of-change in how to enable improvement. This is not unique to 



 

4 

 

Swedish schizophrenia care, but it is a pressing problem related to many 
different chronic conditions[4]. 

The notion of healthcare as a Learning Health System (LHS)[1], 
coined by the former US Institute of Medicine (IoM, now National Academy 
of Medicine), is a vision that has been translated into theories and models to 
help address these challenges[5]. The LHS has been associated with 
systematically improved outcomes for patients with chronic conditions–e.g. 
inflammatory bowel disease (IBD)[6,7] and rheumatic diseases[8]. 

This thesis reports on the attempt to discover whether and how 
individuals with schizophrenia might be supported to coproduce health 
services toward improved health when applying a LHS approach. Two 
research processes with different designs have been used. The first focused on 
gathering, assessing, discussing, and evaluating existing published knowledge 
of LHS functionality and characteristics. The second process, grounded in the 
first, focused on assessing local development and testing of new ways of 
working in line with the notion of LHSs at the Department of Schizophrenia 
Spectrum Disorders at Sahlgrenska University Hospital in western Sweden. 
This was done by studying the use and usefulness of a point-of-care dashboard 
to support patients and healthcare professionals during patient visits in 
psychiatric outpatient care. 

2.1. Background 

Before describing the rationale and the research questions addressed in this 
thesis, a background is provided related to schizophrenia care and its 
challenges, earlier attempts to create models to support continuous 
improvement in chronic care as well as the LHS. 

2.1.1. Healthcare for individuals with Schizophrenia and its 
challenges 

Of all mental illnesses, the psychotic disorder of schizophrenia has the greatest 
impact on years lived with disability (YLD), a measure that reflects the impact 
an illness has on quality of life before it resolves or leads to death. Described 
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in YLDs, the burden of schizophrenia results in a 73% loss of health per year 
compared to a fully healthy life[9]. As described below, this has vast 
consequences for individuals, their families, and societies. 

Typically, schizophrenia and similar psychotic disorders have an 
onset in early adulthood and are most often lifelong[10] (i.e., chronic) with 
symptoms such as delusions, hallucinations, and disturbances of thought. 
These symptoms tend to make it challenging to, for example, establish and 
maintain relationships[11]. About 5 per 1000 individuals suffer from 
schizophrenia globally[12]. To illustrate what this may mean in the daily life 
of a person with schizophrenia, a persona, Ana, was created to help illustrate 
what it can be like to experience schizophrenia care from the perspective of 
the service user. The persona was first used in Paper I and was further 
elaborated on in Paper IV and serves as an illustrative case in this thesis. 

Box 1.  

Ana–the persona 

The persona was developed and used during the PhD process, drawing 
on information, knowledge, and experiences from the following 
stakeholders: 

-        Patients (through interviews); 
-        Extensive experiences of providing psychiatric care by 

psychiatrist, psychologists, and senior managers; 
-        Patient advocacy organization representative; and 
-        Personal experiences of being next-of-kin to individuals with 

severe mental illnesses (SMI). 

  

  

The burden of mental illnesses like schizophrenia is growing 
worldwide, with a significant impact on health, leading to major economic 
consequences[13]. Schizophrenia cannot be cured, but there is extensive 
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knowledge on what treatments are effective in relieving the burden of illness. 
Effective treatment can support a substantial proportion of patients to make 
good recoveries, even if not entirely, from the disorder[11]. Treatment 
guidelines emphasize a combination of pharmacological treatments with 
antipsychotic medications, psychosocial interventions, and social support[14]. 

Despite the extensive research and knowledge on what constitutes 
effective treatment, individuals with schizophrenia too often are provided 
inadequate treatment and care, leading to avoidable suffering and sometimes 
premature death. In their systematic review of social interventions for severe 
mental illness (SMI), Killaspy et al.[15] concluded that there are interventions 
(e.g., supported accommodations and family interventions) with great 
benefits, but these are arguably the most complex in the field of mental 
healthcare and require multi-stakeholder investments and commitments. Even 
in countries in the top of OECD healthcare quality rankings, like Sweden[16], 
treatment failure is common for individuals with schizophrenia. In reviewing 
treatments for the 29,823 patients with schizophrenia spectrum disorders in a 
nationwide cohort (identified in the Swedish National Board of Health and 
Welfare’s Patient Registry), more than 70% of treatment attempts failed[2]. 
“No treatment” or “discontinued treatment of schizophrenia” increases the 
hazard ratio of early death in an alarming way[17]. A meta-analysis of 96 
studies with 80,488 participants shows that the most significant risk factors 
for suicide among individuals with schizophrenia are (i) poor adherence to 
treatment, (ii) history of attempted suicide, (iii) feelings of worthlessness, 
and/or (iv) feelings of hopelessness (all p < .0001). It is estimated that 30–
50% of individuals with schizophrenia attempt suicide at least once during 
their lifetime, and 10% end their life by suicide[18,19]. Shortcomings in 
providing, coordinating, and supporting treatment and care of individuals with 
schizophrenia lead to 10–15 years of shorter life expectancy compared to 
populations in general[18,19]. Clearly, there is a great need to find ways to 
improve healthcare and health for individuals with schizophrenia. 
 

At her regular follow-up, it was hard for Ana to answer all the questions. Was 
she feeling better? Was there an increase in side effects? She struggled to 
remember how she felt the last time she and her clinician jointly assessed her 
level of functioning and symptoms. She was not sure if the medication helped 
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her. She dreaded making medication changes, for fear of new side effects. The 
psychiatrist seemed indecisive, as if trying to decide which alternative would 
be better: increasing the dose of her current medication or switching to 
another one. As noted above, Ana has tried different medications over the 
years. When seeing different psychiatrists, they all seemed to want to improve 
the treatment by switching medication or changing the dose. This time, the 
psychiatrist proposes not to make any changes in the current medication, and 
Ana agrees to continue as before. The content of the questionnaires she was 
asked to fill in before the visit provided some structure, covering important 
aspects of Ana’s situation. They were possibly useful for the clinicians in 
documenting relevant information but did not help Ana in understanding her 
situation or lessening her anxiety. 

There have been extensive efforts to improve care for people with 
schizophrenia and schizophrenia-like disorders in Sweden. A national quality 
registry (NQR) for psychosis care (PsykosR), which launched two decades 
ago, aims to measure the quality of care and support improvement[3]. The 
registry includes variables to document the content of care including the 
adherence to evidence-based national treatment guidelines. An appraisal of 
the registry and its role in development of schizophrenia care, carried out in 
2014 (Registercentrum Västra Götaland; RCVG)[3], concluded, for example, 
that there were insufficiencies in the following: 

  
• goals and structures that support evaluation of care as well as a lack of 

consensus on what constitutes useful quality measures in schizophrenia 
care; and 

• timely and easily understood feedback for stakeholders related to 
supporting better care for individuals as reporting at the time was only on 
a group level (e.g., per department) and did not show any health-related 
outcomes at the level of individuals. 

In addition, the report also emphasized the need for 

• rapid feedback to be used jointly by patient and healthcare professional(s) 
at the point of care to evaluate the care provided, to assess progress, and to 
support planning, and 
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• outcome measures that matter to the patients and that have clinical 
relevance–i.e., useful in assessing progress. 

These challenges are not unique for local and national Swedish 
schizophrenia care. Green et al.[20] identified a need for a framework to 
support overarching objectives related to learning health system development 
for schizophrenia in the US. Several challenges have been identified: (i) lack 
of useful outcome measures that matter for individual patients; (ii) lack of 
causal connections between outcomes and processes and interventions and 
structures that would provide feedback on what works for whom, when, and 
where; and (iii) data on outcomes not used to guide treatment, inform 
management, and direct research. Like schizophrenia, many conditions are 
chronic, complex, and costly. The Swedish Agency for Health and Care 
Services (Myndigheten för Vård och Omsorgsanalys)[4] estimates that 80–
85% of healthcare expenditure in Sweden is spent on chronic conditions. 

Many definitions are used for chronic illness, ranging from any illness 
that lasts for more than three months to a restricted list of specific 
illnesses[21]. The Australian Institute for Health and Welfare includes mental 
disorders when describing chronic diseases and outlines the following 
common general features of chronic disease: (i) complex causality with 
multiple factors leading to their onset; (ii) a long development during which 
symptoms might not appear; and (iii) a prolonged course of illness perhaps 
leading to other health complications associated with functional impairment 
or disability[22]. 

Braithwaite and colleagues, studying the effects of healthcare, 
concluded that performance, in general, had flatlined[23,24]: 60% of 
healthcare, on average, was in line with guidelines, and this has not changed 
for the last 15 years; about 30% of healthcare interventions is of low or no 
value; and around 10% of healthcare interventions causes harm with no 
improvement over the last 25 years[23,24]. They further concluded that 
following treatment guidelines is just not enough to effectively support better 
health. A rigid guideline-based approach can lessen possibilities to adapt to 
the individual needs of the patient. Instead, they proposed that healthcare 
needs to be handled differently, as a complex system, and that feedback at the 
point of care can increase possibilities to navigate towards better health 
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outcomes for patients[23–27]. These ideas are not entirely new but can be 
found in different models[5] (e.g., the Chronic Care Model[28] and the 
Clinical Microsystem Theory[29]) that depict healthcare as the system 
surrounding patients, connected through interactions, enabling joint processes 
towards better health. 

2.1.2. Supporting development of chronic care 

The formulation of models, sometimes labelled mid-range theories[30–32], 
can be seen as enablers of inquiry by naming what conditions and actions may 
be important and can be studied. To a varied extent specific for chronic care, 
models have been developed over the years aimed at addressing the 
complexity of healthcare delivery. As the treatment of complex chronic 
conditions often requires coordination between multiple providers to achieve 
care adapted to each unique individual, many factors need to be considered 
according to Struckmann et al.[5]. Wagner’s Chronic Care Model[28] (CCM), 
a commonly used model in research on chronic care (Figure 1), has enhanced 
the understanding of what areas need to be addressed when treating complex 
chronic conditions. Wagner argues that “real improvement in outcomes will 
occur only when clinical systems reconfigure themselves specifically to 
address the needs and concerns of chronically ill patients”[28, p. 2]. The 
model identifies six areas that need to be addressed in effective chronic care: 
(i) self-management support; (ii) delivery system design; (iii) decision 
support; (iv) clinical information systems; (v) organization of healthcare; and 
(vi) community. The model also emphasizes two levels: (i) the level of 
productive interactions between informed activated patients and healthcare 
professionals and (ii) the system properties related to organization, 
technologies, and community aimed at supporting productive interactions 
between patient and a proactive practice team. The “informed activated 
patient” relates to the ambition to support patients to ultimately become 
managers of their own condition(s) by assuring behaviorally sophisticated 
self-management support that helps increase patients’ confidence and skills 
while also having access to feedback on progress[28]. 

Another model that was developed to support improved outcomes in 
complex contexts is the Clinical Microsystem Theory (CMT)[29,33,34]. 
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Nelson and colleagues observed that a clinical microsystem is “a small group 
of people who work together on a regular basis to provide care to discrete 
subpopulations of patients. It has clinical and business aims, linked processes, 
and a shared information environment, and it produces performance 
outcomes”[29, p. 474]. The microsystems are the place where patients and 
their next of kin meet the provider(s) to coproduce services in support of the 
health of the patient. Microsystems can be described as the essential building 
blocks of healthcare systems, clustering microsystems into meso systems 
(e.g., units/departments/clinics) and aggregating mesosystems to form macro 
systems (e.g., larger hospitals/health systems)[29]. 

There are some similarities between Wagner’s CCM and the CMT. 
These theories were both developed, formulated, and published around the 
new millennium[28,29] and are based on the co-productive work of patients 
and professionals related to properties regarding the patients’ interaction with 
providers as well as system properties that support and develop capability in 
health systems. Figure 1 illustrates the overlap between the microsystem and 
related concepts in the CCM, productive interactions between an informed 
activated patient, and a prepared proactive practice team, adapted from 
Wagner’s CCM[28] by Wasson et al.[35]. Both the CMT and CCM can be 
seen as predecessors to the notion of coproduced healthcare at scale in an LHS. 
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Figure 1. Various key elements leading to productive interaction and overlap 
with clinical microsystems, supported by organization, policy, and resources. 
Adapted from Wagner’s CCM [28] by Wasson et al.[35] 
 

2.1.3. Envisioning a Learning Health System 

The notion of healthcare as an Learning Health System (LHS) was first 
envisioned in 2001 by the US Institute of Medicine (IoM; now National 
Academies of Medicine)[36], was coined in 2007[37], and was designed to 
address many of healthcare’s challenges. The IoM later defined an LHS as a 
“system in which science, informatics, incentives, and culture are aligned for 
continuous improvement and innovation, with best practices seamlessly 
embedded in the care process, patients and families active participants in all 
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elements, and new knowledge captured as an integral by-product of the care 
experience”[1, p. 136]. Overall, the LHS aims to accomplish the following: 
(i) to capture the care experience and use information about care experiences; 
(ii) to provide real-time evidence to support clinical decision-making; (iii) to 
focus on patients’ needs and perspectives while including families and other 
caregivers into the process; (iv) to align incentives with values; (v) to provide 
information transparently on safety, quality, processes, and outcomes, 
encouraging continuous improvement; (vi) to provide leadership and culture 
characterized by teamwork and collaboration that supports learning; and (vii) 
to constantly refine ways of working through training, analysis, and 
supportive feedback loops for learning and system improvement (see Box 
2)[52]. 

 

Box 2. 

Characteristics of a Learning Health System (LHS) according to IoM 
[1] 

Science and Informatics 
● Real-time access to knowledge—A learning health care system 

continuously and reliably captures, curates, and delivers the best 
available evidence to guide, support, tailor, and improve clinical 
decision making and care safety and quality. 

● Digital capture of the care experience—A learning health care 
system captures the care experience on digital platforms for real-
time generation and application of knowledge for care 
improvement. 

Patient-Clinician Partnerships 
● Engaged, empowered patients—A learning health care system is 

anchored on patient needs and perspectives and promotes the 
inclusion of patients, families, and other caregivers as vital 
members of the continuously learning care team. 

Incentives 
● Incentives aligned for value—A learning health care system has 

incentives actively aligned to encourage continuous improvement, 
identify and reduce waste, and reward high-value care. 

● Full transparency—A learning health care system systematically 
monitors the safety, quality, processes, prices, costs, and outcomes 
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of care, and makes information available for care improvement 
and informed choices and decision making by clinicians, patients, 
and their families. 

Continuous Learning Culture 
● Leadership-instilled culture of learning—A learning health care 

system is stewarded by leadership committed to a culture of 
teamwork, collaboration, and adaptability in support of continuous 
learning as a core aim. 

● Supportive system competencies—A learning health care system 
constantly refines complex care operations and processes through 
ongoing team training and skill building, systems analysis and 
information development, and creation of the feedback loops for 
continuous learning and system improvement. 

 

The ambition to turn healthcare organizations into LHSs has spread 
across the globe, including high income countries such as the US, European 
countries, Japan, and Taiwan[38] as well as low and middle income countries 
such as Kenya, Malawi, Zambia, and South Africa)[39]. In a recent review of 
LHS initiatives[40], measurable healthcare improvements across multiple 
continents and settings were reported to generate benefits such as better 
patient self-management, improved clinician care, and system-level 
performance.  

2.2. Rationale and aim 

Despite knowledge of and access to evidence-based treatments for 
schizophrenia, too many treatment attempts fail, leading to unnecessary 
suffering and in some cases early death. The delivery model in use when it 
comes to evidence-based treatments relies on a fit between the patient in the 
guidelines and each patient as well as a fit between guidelines and the 
assessment made by health professionals. When looking at other more 
successful developments of healthcare for chronic and complex illnesses (e.g., 
in Swedish rheumatology care using the Swedish Rheumatology Quality 
Registry (SRQ)[8] and IBD care within ImproveCareNow.org in the US[6,7]), 
there are some clues of what might be useful also for schizophrenia care such 
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as information systems that support use of PROMs in planning and evaluation 
of treatments. The possibilities for patients as well as for healthcare 
professionals to get an overview of what works and to systematically move 
towards better health in schizophrenia care are restricted by several 
conditions. This includes a lack of an overall idea (theory) on what is needed 
and how to enable better health for individuals and populations – providing 
patients and their next-of-kin and healthcare professionals possibilities to 
navigate towards better health outcomes by jointly monitoring, assessing, and 
responding to progress. Thus, the remaining challenges in schizophrenia care 
are the types that LHS often is described to address through its emphasis on 
the patient’s perspective, information transparency, and continuous 
improvement[1]. 

However, a recent review of key topics and bibliometric trends of the 
LHS literature[41] concludes that it remains largely theoretical, focusing on 
definitions and technical processes, and that this warrants a shift towards 
empirical studies related to take-up and adoption in practice as well as the 
complexity of human factors in LHSs. Therefore, this thesis aims to enhance 
the understanding of the applicability of the LHS vision in the context of 
schizophrenia care from the perspectives of both individuals and the health 
system for enabling coproduction of better health. This aim is addressed 
through two research questions (RQ1 & RQ2): 

 
RQ1: How can improvement of health for individuals with 
schizophrenia and improvement of system performance be 
supported by coproduction in an LHS model? 

  
RQ2: Can an LHS-based intervention–i.e., the use of a point-
of-care dashboard–contribute to better health for individuals 
with schizophrenia? 
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2.3. Outline of the thesis 

The next chapter describes key concepts that serve as a framework used when 
addressing the research questions. The theoretical framework is followed by 
the method section with information on the empirical case and its context, the 
applied research approach, design and process, quality criteria, and ethics. A 
summary of appended papers reports their findings and conclusions and this 
is followed by a synthesis of findings into an LHS model for schizophrenia. 
The discussion section connects findings to theory and their implications 
related to the research questions. The findings are summarized in the 
conclusions section followed by suggestions for future development in 
research and practice.  
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3. Key Concepts 

When addressing the research questions, several key concepts and knowledge 
domains emerged as central for providing perspectives. This chapter provides 
an overview of (i) quality improvement and the science of improvement, (ii) 
system properties of complex adaptive systems, (iii) variation as a mode of 
analysis, (vi) mechanism of learning, and (v) coproduction. Next, the notion 
of a LHS is connected to these other theoretical domains. Figure 2 shows how 
the theoretical concepts are related in this thesis. 
 

 
Figure 2. The main theoretical concepts in this thesis, and how they are 
related, from the foundational Science of Improvement to the concept under 
study, enabling coproduction at scale in a Learning Health System.  

3.1. Science of Improvement 

Batalden and Davidoff define quality improvement in healthcare as 
“the combined and unceasing efforts of everyone—healthcare professionals, 
patients and their families, researchers, payers, planners and educators— to 
make the changes that will lead to better patient outcomes (health), better 
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system performance (care) and better professional development 
(learning)”[42].  

A scientific base for quality improvement (QI) has been proposed as 
“science of improvement” or “improvement science”[43,44]. Deming, early 
on, identified the need to create understanding of ongoing processes by 
systematically testing small-scale changes and learning from them[83]. Perla 
et al.[45] further argue that improvement only has meaning and is useful in 
relation to sought for characteristics, for example, healthier, safer, and more 
efficient. Perla et al. use the work of Langley[46] to summarize principles to 
maximize the results of improvement efforts in line with Deming’s 
foundational ideas: 

(i) Knowing why you need to improve (focused aim). 
(ii) Having a feedback mechanism to tell you if 

improvements are occurring. 
(iii) Developing effective ideas for change that will result 

in improvement. 
(iv) Testing and adapting changes before attempting to 

implement. 
(v) Knowing when and how to make changes sustainable 

through effective implementation to integrate the 
changes in the system of interest. 

Deming’s ideas on a system of profound knowledge, translated and 
widely adopted into healthcare settings under the heading “improvement 
knowledge”[47,48], provide a pragmatic approach to navigation towards 
better health for individuals and populations. These ideas serve as a foundation 
in the domain of Improvement Science[43,44,49]. The area of quality 
improvement has also evolved, or improved, over time, since the days of the 
pioneers. Lachman et al.[50] describe the development of approaches to 
quality improvement from ensuring that services stay above thresholds 
(“Quality 1.0”), to organization-wide systems to monitor processes and 
measure performance (“Quality 2.0”), to a shift from meeting the needs of the 
healthcare system, and to meeting the needs of the patient as a person through 
adding coproduction of health (“Quality 3.0”). Quality 3.0 assumes all 
healthcare services are coproduced by stakeholders in the system–i.e., 
patients, professionals, family, and others. The evolution of quality 
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improvement (Q1–Q3) includes an increasing use of data and technology to 
support a transformation of data into actionable knowledge. 

3.2. System properties: Complexity in Healthcare 

Greenhalgh et al. propose that healthcare systems can, just like systems in 
general, be described as simple, complicated, or complex[51]. Over the past 
two decades, several authors and thinkers have argued that the healthcare 
sector, or at least parts of it, has properties similar to Complex Adaptive 
Systems (CAS)[52,53]. A simple or complicated system is predictable and can 
be understood if having enough time, resources, and expertise. Cause and 
effect relationships can be mapped and provide a “blueprint” for a planned 
change. A complex system, on the other hand, is dynamic. The relations 
between cause and effect cannot easily be mapped, and they might only be 
understood in hindsight, which makes it impossible to predict how the system 
will function over time. The word complex could be translated as 
“interwoven”[54], and complex systems are defined by intricate inter-twined 
processes, with interconnectivity between systems, between levels within 
systems, and between actors and elements and therefore having other 
properties than less complex systems[54]. 

Scholars studying CAS propose that such systems have some similar 
attributes. In this thesis, CAS is defined and constituted[55] by active agents 
who are both actors and information processors and whose interactions 
influence and make behavior coevolve within and across levels and systems. 
In addition, these behaviors emerge as agents’ interactions form intricate 
social patterns that change over time in a self-organizational manner in 
relation to an attractor. In other words, change–including improvement–in a 
CAS is both nonlinear and dynamic, influenced by feedback, internalized 
values, and motivation[56] more than by top-down management[55]. CAS 
theory on how complex systems work can inform improvement work in 
complex healthcare settings, including psychiatry[55]. CAS theory was 
identified as being useful in understanding and addressing challenges in 
healthcare by researchers (e.g., Greenhalgh et al.[52] and Nelson et al.[29]) 
and as having implications for healthcare development and 
improvement[25,26,52,53,57–60]. Much has been written about complexity 
in healthcare[53,57,61,62] and the need to address complexity using CAS 
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theories, for example, to support patient safety[27,63], more sufficient 
management[59,64,65], and enable faster and more efficient 
implementation[66–68]. One such framework, developed to guide 
development and implementation of new technologies in healthcare, is the 
Non-Adoption, Abandonment, Scale-up, Spread and Sustainability (NASSS) 
framework, which builds on both extensive reviewing of related literature and 
case studies. The framework emphasizes seven domains important for 
developing and deploying innovative technologies in health and care 
settings[69] (Figure 3). The conclusion that “the greater the complexity posed 
by a project, the lower the chance that any successful outcome, let alone an 
innovative one, will be achieved”[70] led to the development of a tool to help 
assess complexity–i.e., the Non-Adoption Abandonment Scale-up, Spread and 
Sustainability-Complexity Assessment Tool (NASSS-CAT)[71]. The case 
study included in this thesis[72], further described under methods, served as a 
case feeding into the development of the NASSS-CAT and described as “Case 
1” in Greenhalgh et al.’s research protocol paper[71]. The analysis of the case 
in this thesis is described in detail in Paper IV. 
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Figure 3. The Non-Adoption Abandonment Scale-up, Spread and 
Sustainability (NASSS) framework with its seven domains found to be of 
importance in developing and deploying innovative technologies in health 
and care settings [69]. Reproduced with permission. 

Dooley[73] proposes some design principles to guide change in 
complex adaptive organizations. Actions aimed at supporting change are 
guided by shared purpose, values, and principles along with cultivation of 
curiosity (inquiry, learning, experimentation, and divergent thinking) and 
interconnectedness both internally and externally. All supported by rapid 
feedback loops for self-reference and self-control to support navigation 
towards joint goals (Box 2). 
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Box 3. 

Design Principles for Complex Adaptive Organisations, from Dooley 
et al. [73] 

(a) create a shared purpose,  
(b) cultivate inquiry, learning, experimentation, and divergent thinking,  
(c) enhance external and internal interconnections via communication and 
technology,  
(d) instill rapid feedback loops for self-reference and self-control,  
(e) cultivate diversity, specialization, differentiation, and integration,  
(f) create shared values and principles of action, and  
(g) make explicit a few but essential structural and behavioral boundaries. 

  

Central to this is continuous testing and feedback to generate practice-based 
knowledge while moving forward with what works best joined by interaction 
and a mutual purpose, having many similarities to QI principles[46] 
mentioned earlier. The next section describes the mode of analysis to create 
understanding on what is happening by focusing on the variation of processes 
and outcomes over time. 

3.3. Mode of analysis: focus on variation over time 

Deming’s view on variation and analysis of a process over time differs from 
traditional ways of creating knowledge in healthcare[74]. The traditional way 
is to conduct enumerative studies and to generalize from a sample–for 
randomized controlled trials (RCTs), to study the outcome of new treatments 
compared to the outcome of treatment-as-usual. Instead, Deming proposed 
analytical studies that investigate how a process generates its results with an 
aim to predict and increase possibility to choose the alternative that will be 
superior to the others in the future of the process under study. Analytical 
studies make use of time-series data embedded in the context and are, contrary 
to strictly controlled enumerative studies, a valuable source for organizational 
learning and continuous improvement[43,74]. 

Although many types of data are needed to guide movement towards 
better health for individuals and populations, a special emphasis has been 
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made on health-related outcome measures in general and Patient-reported 
Outcome Measures (PROMs) more specifically. PROMs are increasingly 
accepted as precise indicators that can support value creation in clinical care 
as well as in clinical research[75,76]. Systematic use of information from 
PROMs can lead to better communication and decision making between 
patient and doctors as well as improved patient satisfaction with care, 
according to systematic reviews of the impacts of using PROMs in 
practice[77–79]. PROM data are considered essential for answering questions 
important to patients[80] and for supporting equity in the relationship between 
the individual patient and provider[81], but it does come with challenges. 
Forsberg et al.[82] highlight some challenges and hazards when trying to 
incorporate PROMs: (i) a need to include patients unwilling or unable to report 
PROMs digitally by using other means; (ii) a need to assess PROM data in the 
context of the patient’s current clinical state and other sources of information; 
(iii) as PROMs can point to significant problems, healthcare professionals and 
systems need to know how to handle arising issues; and (iv) it might take 
considerable time, just as with any other innovation, to implement and make 
use of PROMs in practice. Outcome measures in use along with other 
information of importance can be important components in establishing 
virtuous learning cycles supporting improvement throughout the system.   

3.4. Mechanism of Learning: Learning cycles 

One domain in Deming’s system of profound knowledge[83] is theory of 
knowledge most often associated with his view on iterative learning and 
learning cycles. A basis for many learning cycles, especially in the QI area, is 
Deming’s Plan-Do-Study-Act (PDSA) cycle[84]. There are two interrelated 
aims underlying the PDSA: (i) continuous improvement through learning 
cycles and (ii) better theories on how things work. The four phases of PDSA 
are described in Figure 4. 
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Figure 4. The Plan-Do-Study-Act (PDSA) cycle, based on Deming[83] 

Central to LHS is the notion of learning cycles (or feedback loops), 
which are necessary on all levels of the systems, to help stakeholders navigate 
towards better outcomes for individuals and populations[38]. This is not 
unique for theories of LHSs but has been used to describe learning by many 
scholars over the years, including Argyris[85] and Kolb[86]. A complete 
learning cycle in LHSs could, according to Friedman[38], consist of three 
interconnected processes: (i) turning performance into data (P2D) by 
measuring the content and effects of healthcare; (ii) turning data into 
knowledge (D2K) by analyzing the data; and (iii) turning knowledge into 
performance (K2P) by supporting changes in behaviors and processes using 
interfaces, feedback, and QI methods (Figure 5). Complete learning cycles are 
described as virtuous cycles of improvement that generate data on every 
treatment attempt and not only support patients and healthcare professionals 
in treatment decisions but also support quality improvement initiatives, 
management, and research. The desired outcome is more knowledge on what 
works for whom, when, and where. This can provide a real-time real-world 
guidance to support evidence-based treatments that build not only on evidence 
generated elsewhere through RCTs but also on locally generated data on 
effects. Mobilization of engagement and the use of resources (people, policy, 
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technology, and processes) towards a shared aim can support aligned learning 
cycles of all levels of the systems to improve health and care (Figure 5a and 
5b). 

 

Figure 5a. Friedman’s learning cycle consisting of knowledge to performance 
(K2P), performance to data (P2D) and data to knowledge (D2K) to address 
health problem of interest. 
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Figure 5b. Friedman’s LHS model with multiple aligned learning cycles 
addressing health problems of interest supported by people, policy, 
technology, and process. (Both used with permission.) 

Promoting improvement in a complex context challenges the view 
that there is one “truth” about how things work. Rather, the “truth” is a moving 
target since the context changes dynamically as it is an open system where 
changes made might affect the system, its functioning, and its properties. 
Therefore, every attempt to describe how things work is a theory under 
construction; to use Kislov et al.’s language, every description is a process of 
theorizing[30]. The best available knowledge can help describe the most 
updated theory, representing our knowledge at the moment. Progress made 
when trying to improve the system can inform further development of the 
theory, which can guide further exploration. Thus, Deming’s theory of 
knowledge is described in this thesis with a focus on mechanisms of learning 
and learning cycles-–i.e., cycles taking place in a CAS with multiple actors 
together coproducing possible improvement. 
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3.5. Coproduction 

Among Deming’s 14 points for management in moving towards higher 
quality, the 14th makes transformation everyone’s job[87]. This relates to the 
possibly greatest missed opportunity in creating high quality care for every 
patient: the failure to engage patients and their next-of-kin in the delivery of 
care[88]. Health could be seen not as a product generated by professionals in 
the healthcare system but as a service created in collaboration with users such 
as patients[89]. 

Like the existence of a great variety of definitions of chronic 
disorders, health can be defined in different ways. In the light of the growing 
prevalence of chronic conditions, the World Health Organization’s (WHO) 
definition of health is described a state of complete physical, mental, and 
social well-being and not merely the absence of disease or infirmity[90]–has 
been criticized as outdated as it implies that health cannot coexist with chronic 
illness[91]. Alternative definitions have been proposed--–e.g., the ability to 
adapt and to self-manage in the face of social, physical, and emotional 
challenges[91]. Svalastog et al.[92], studying health definitions at the 
intersection of technology, medicine, and individuals in the digital society, 
found that lay people perceive health as characterized by three qualities: 
wholeness, pragmatism, and individualism. First, they propose that health is a 
holistic phenomenon that is interwoven with all other aspects of life, including 
work, family, and community (wholeness). Second, health is a relative 
phenomenon (pragmatism), experienced and evaluated according to what 
people find reasonable to expect given their situation. Third, health is seen as 
a personal phenomenon (individualism). Values are individual, every human 
unique and therefore strategies for improving health need to be individualized. 
If addressing health as characterized above, there is a need for a pragmatist 
perspective regarding improving health that requires a coproduction of health 
strategies and practices between care providers and those in need of treatment 
and care to find ways to enable health as perceived individually. The everyday 
use of the word pragmatism implies an orientation towards the practical and 
achievable rather than the ideal or theoretical[56]. The value of knowledge, 
from a pragmatic perspective, is its usefulness–i.e., its ability to help solve 
questions of daily life[93], a paradigm useful when aiming to learn in complex 
contexts and conditions[56]. Batalden defines the coproduction of health as 
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the “interdependent work of users and professionals who are creating, 
designing, producing, delivering, assessing, and evaluating the relationships 
and actions that contribute to the health of individuals and populations”[89, 
p. 2]. 

This idea of value co-creation, or coproduction, builds on the core 
view that patients can be supported to better manage their own health in 
collaboration with other actors in the health and welfare system as well as with 
their network of family and friends[94]. Ideas of coproduction of public 
services were described by Nobel Laureate Elinor Ostrom[95] and have been 
developed over the years. These insights have been at work in public service 
and “third-sector” work for the past 3 to 4 decades. Now they are being 
explored in healthcare services[50,96]. 

Osborne et al.[97] propose a typology of value co-creation describing 
four ways to improve services: 1co-production, co-design, co-construction, 
and co-innovation. These range from jointly generating services (co-
production) and designing services in collaboration (co-design) to co-creating 
of value in increased capacity to resolving the impact of disability (co-
construction) and co-creation of capacity to resolve problems in the future (co-
innovation). These aspects of coproduction, which take the shape of 
supportive communities in promoting health, are sometimes described as 
learning networks[98–100], tapping into the resources of many. 

Learning networks are proposed to be particularly suited to address 
challenges in complex systems such as healthcare, since no single stakeholder 

 

 

 

 

 

1 I took advice from Paul Batalden regarding the spelling of coproduction/co-production; 
“Ellinor Ostrom spelled it both ways in her work. I have used the convention of 
“coproduction” when referring to the general phenomenon. I have used “co-create”, “co-
plan”, “co-assess”, “co-(whatever)” when I want to call attention to the “co-ness” of the 
planning, creation, assessment.” Personal communication January 4, 2022.  
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has the resources (skills, knowledge, and tools) necessary to drive real 
change[98]. Instead, establishing a common aim among multiple engaged 
stakeholders can mobilize resources and ways of interaction well suited to 
address change in complex systems, which has been shown, for example, in 
the case of ImproveCareNow (ICN), a learning network for improvement of 
care of IBD in children in the US[6]. Margolis et al. frame it like this: “All 
participants in health care (patients and families, caregivers, clinicians, and 
researchers) care deeply about improving health. What is missing is a system 
to harness this motivation and focus participants’ collective intelligence 
toward transforming care and outcomes”[98, p. 220]. The people at ICNs 
work on creating a learning network, lead to the creation of LHSs, which is a 
way of enabling value co-creation at scale[100]. Coproduction of health 
involves reciprocity and requires trust and is proposed to be supported at scale 
with technology in a LHS[38,94]. 

Box 4. 

About the ImproveCareNow (ICN) network for paediatric Inflammatory 
Bowel Disease (IDB).  

The ImproveCareNow (ICN) network aims to improve health outcomes for 
children and adolescents with Inflammatory Bowel Disease (IBD). The 
network originated at Cincinnati Children’s Hospital and continues to 
spread across the USA and around the globe. ICN participants share 
goals, standards and resources and their continuous use of 
measurements demonstrate success, including continually improved 
clinical outcomes. The ICN has served as a prototype for a national 
paediatric LHS in the US, the PEDSnet [7,101].  

 

3.6. The Learning Health System (LHS) 

To interpret the LHS vision, use it, and make it helpful in practice is not easy 
due to many factors, including the multitude of different LHS theories, 
models, and frameworks proposed. To support readers not familiar with the 
concept, an example of an LHS model that was developed over many years, 
is well-known, and is a source of inspiration for this thesis, is presented 
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briefly. The Coproduction Learning Health System model was developed at 
the Dartmouth Institute for Health Quality and Clinical Practice in 
collaboration both with the Spine Center at Dartmouth-Hitchcock and 
internationally with the SRQ in Sweden. The model represents a theory on 
how NQRs can contribute to LHS[8,102,103], a developmental step yet to 
come for Swedish schizophrenia and psychosis care. The model emphasizes 
the coproduction of health for the individual in the shared space (the 
microsystem) between patient and family together with clinicians and the care 
team. Patient-reported outcome measures and other quality and value metrics 
support shared decision-making (SDM) and coproduction of health. 
Information from the shared space provides data in an accompanying enriched 
information environment intended to strengthen quality improvement 
collaboratives for clinical programs, facilitated support networks for patients 
and families, patient-centered registries, and research efforts. Although 
elaborate LHS models like this exist, it is not known to what extent if and how 
it would be possible to address the challenges of schizophrenia care described 
earlier in a similar way. 
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Figure 6. The Dartmouth Coproduction Learning Health System Model 
[103]  

The LHS ideas and how they are used in this thesis can be described 
by connecting the LHS definition (IoM, 2013) to the main theoretical concepts 
of this thesis, science of improvement, system properties, mode of analysis, 
mechanism of learning, and coproduction. Table 1 breaks down the definition 
and its connections to the main theoretical concepts. 
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Table 1 

Key concepts related to the LHS definition [1, p. 136] by IoM 

Related concept Definition: An LHS is… Description 

System 
Properties 

“[. . .] a system in 
which science, 
informatics, incentives, 
and culture are aligned 
[. . .]” 

A systems perspective: 
alignment from different parts 
towards the same goal. Related 
to Deming’s ideas: “Without an 
aim, there is no system”[83, p. 
50]. The LHS ideas have been 
recognized as being underpinned 
by CAS-principles [104]. 

A Science of 
Improvement 

“[. . .} for continuous 
improvement and 
innovation, with best 
practices seamlessly 
embedded in the care 
process, [. . .]” 

A perspective of continuous 
improvement: Applying the latest 
knowledge to improve health and 
care systematically using quality 
improvement methodology and 
applying a science of 
improvement perspective. 

Coproduction “[. . .] patients and 
families [are] active 
participants in all 
elements, and [. . .]” 

A coproduction perspective: A 
learning health system is not 
made of, owned, and managed 
by one organization or 
stakeholder but of all 
stakeholders making efforts 
aligned for the same goal. They 
are the “system.” The definition 
emphasizes the role of patients 
and their next-of-kin as active 
participants in all elements. 
Coproduction is a process that 
includes the care provider, the 
patient, and many other 
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stakeholders. 

Mechanism of 
Learning 

“[. . .] new knowledge” 
captured […] 

  

The use of learning cycles to 
continuously measure outcomes, 
evaluate, and act generates new 
knowledge and serves as a basic 
approach enabling continuous 
improvements. Feedback of new 
knowledge can then be used not 
only at point-of-care but also in 
quality improvement initiatives, 
management, and research, 
supporting better care for 
individuals as well as increasing 
the capability of the system to 
learn on a meta-level[38]. 

Mode of 
analysis 

[…] as an integral by-
product of the care 
experience.” 

By applying knowledge of 
variation when analyzing 
naturalistic data over time, 
knowledge can be generated on 
what works, for whom, when, and 
where through the use of, e.g., 
comparative effectiveness 
research and statistical process 
control tools[105,106]. 

 

The description of the LHS definition and its relation to selected key 
concepts show that the LHS’s visionary ideas relate to practical needs of 
healthcare systems and possibly for the health of individuals. Nevertheless, 
the initial abstract ideas, the multitude of interpretations, and the lack of 
evaluations in real-life practice call for exploration.    
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4. Method 

4.1. The case and context 

The Department of Schizophrenia Spectrum Disorders at the Sahlgrenska 
University Hospital in Gothenburg, Sweden delivers specialized care for 
people with psychotic disorders in the metropolitan Gothenburg area 
(population about 600,000). It serves 2700-3000 patients–with schizophrenia 
as the most common diagnosis–at seven outpatient units. About 20% of these 
patients need acute in-patient care at one of the department’s five wards each 
year. 

To support coproduction at the point-of-care (PoC), the department 
developed a digital dashboard to visualize key indicators of each patient’s 
health and care status. The dashboard reflects an ambition to develop a 
Learning Health System (LHS) for severe mental illness. The dashboard is 
one of several interconnected applications, which are part of the technology 
developed and tested locally to support the treatment of schizophrenia. (Figure 
9) A treatment model supporting the use of case management, Resource-group 
Assertive Community Treatment (RACT)[107–109], is in use at the outpatient 
clinics. The resource group consists of significant others involved in the 
patient and the patient’s healthcare, a milieu known as the patient’s 
microsystem[107,109]. A clinical case manager has the responsibility, along 
with the patient and the next-of-kin included in his/her resource group, to 
assesses the patient’s need, to develop a care plan, to arrange for suitable care, 
to monitor the quality of the care provided, and to secure maintained contact 
between the individual and the health- and care services[110,111]. 

The PoC dashboard was developed at Sahlgrenska University 
Hospital to support and align to this treatment model (RACT)[107–109]. The 
dashboard supports joint follow-ups at PoC using patient-reported outcome 
measures on the level of functioning, clinicians’ assessment of symptoms, the 
care team’s assessment of risk/level of crisis, checklists of activities, the care 
plan, and descriptive statistics on consumption of healthcare (e.g., number of 
visits, emergency visits, and episodes at inpatient emergency wards). 
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4.2. Research approach 

The research approach applied in this PhD project is primarily related to and 
inspired by action research in a broad and traditional way[112]. Just as 
continuous improvement in healthcare can be supported through use of the 
pragmatic and iterative approach of the plan-do-study-act cycle, the research 
has been done in a similar fashion, using the action research cycle, iteratively 
diagnosing, planning action, taking action, and evaluating action[112]. The 
research approach can further be characterized as abduction, inspired by the 
ideas of systematic combining[113], with the aim of both moving towards 
better outcomes in practice and contributing to a more elaborate theoretical 
model or framework with potential to support further development. Abductive 
logic or reasoning is, simply put, inference to the best explanation available at 
the moment. That is, abductive reasoning is an explorative process in a 
complex context that constantly moves between one type of research activity 
to another and between empirical observations and theory. These iterations 
have a dual aim: to deepen understanding of theory and to improve practice. 
A linear approach, consisting of a number of planned phases, does not 
consider the potential of the interaction between the different elements such 
as theory, framework, the empirical world, and the case[113]. According to 
Coghlan, the interactivity between research and practice can be seen as a 
fundamental characteristic of action research[112]. Moreover, this 
interactivity can be used to describe a development of the action research 
tradition, known as interactive research[114]. 
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Figure 7. The bi-directional joint learning in interaction between the practice 
system and the research system (from Kjellström et al.[115] adapted from 
Ellström’s Model of Knowledge Creation Through Interactive 
Research[116]). 

In line with the reasoning above and Figure 7, three key approaches 
characterize the research in this PhD thesis: (i) iterative and emergent, (ii) 
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multidisciplinary and collaborative, and (iii) integrated and context 
dependent. 

First, since approaching an incoherent and complex body of 
knowledge such as LHSs, a pragmatic approach to test, evaluate, and learn 
was considered appropriate. Therefore, the work done for this PhD is iterative 
and emergent, building on the knowledge at hand to design studies while 
refining the scope as new knowledge, questions, and possibilities emerge. This 
could be considered being in line with fundamental QI principles related to 
Deming and the use of PDSA cycles for continuous improvement[45,46] as 
well as an action research approach to knowledge creation, where new 
knowledge can help sharpen research questions in pursuit of more 
knowledge[112]. 

Second, since the LHS is not related primarily to one knowledge 
domain but builds on knowledge from many fields and perspectives, it is 
assumed to be helpful to be both multidisciplinary and collaborative when 
studying LHSs. The notion of an LHS is in itself a multidisciplinary idea 
connecting multiple knowledge domains in creating a sociotechnical system 
to enable better care at lower cost. Rather than being true to a paradigm, 
approach, or method, the study of LHSs and LHS development needs to 
consider all kinds of knowledge using multiple types of data gathering 
methods[117] to deepen knowledge on what works for whom, when, and 
where[118]. Using either quantitative or qualitative methods is insufficient 
when addressing these questions; that is, both quantitative and qualitative 
methods should be used[113,119]. Collaboration across organizations and 
between multiple stakeholders with different roles is considered a strength as 
it can help take advantage of multiple perspectives as well as learning from 
others[25,56,112]. The transdisciplinary take on these matters and joint 
interest in exploring things further made it natural to seek collaborations with 
developers, leaders, and researchers with connections to LHSs of different 
kinds or specific expertise that could provide additional perspectives. The 
greatest collaboration has taken place within the psychiatric services at 
Sahlgrenska University Hospital, the case study of this thesis, involving 
patients, clinicians/case-managers, managers, developers, and quality 
improvement officers as well as representatives from the IT department. In 
parallel to the research presented in this thesis, the development work at the 
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department in collaboration with other parts of the hospital and the regional 
healthcare system contained activities intertwined with these studies. These 
were not related to research only but part of the development project, for 
example, focus groups and workshops with case managers and with patients, 
multi-site user-testing of interfaces, planning of testing, evaluation of using 
the Dashboard, and presenting results in different forums (patient 
organizations, management, and politicians. External to Sahlgrenska 
University Hospital, I have had the privilege of collaborating with patient-
advocacy group representatives from the Swedish Schizophrenia Fellowship 
(Paper I), researchers from The Dartmouth Institute (Paper II), researchers 
from the University of Gothenburg (Papers III and IV), and researchers from 
University of Oxford (Paper V). The second form of collaborations that have 
enabled joint exploration of LHS ideas and concepts have been dialogues and 
discussions with health system leaders, researchers, and developers with vast 
experience and interest in developing healthcare, most often found through 
the network at Jönköping Academy for Improvement of Health and Welfare. 

Third, I studied LHSs as a phenomenon that is integrated and context 
dependent rather than isolated and studied out of context. This thesis aims to 
increase understanding of how to provide better health outcomes for people 
with serious complex and chronic illnesses through the interplay between 
development of better theories in parallel with testing such theories in practice. 
Therefore, studies of LHSs and LHS development needs to be embedded with 
an inseparable connection to the context, making it less useful to isolate the 
phenomena under study, and controling as many confounders as possible. This 
is foundational in action research according to Coghlan [112] and can be 
related to systems theory [45] in general and to the study of open social 
complex systems specifically [56].  

4.3. Research design and process 

This thesis has involved primarily two research processes with distinctively 
different research designs that have fed into one another along the way. The 
first focused on gathering, assessing, discussing, and evaluating existing 
knowledge of LHSs in relation to improving health for individuals with 
schizophrenia (i.e., RQ1). The second process focused on the development 
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and testing of a PoC dashboard at the Department of Schizophrenia Spectrum 
Disorders at the Sahlgrenska University Hospital in western Sweden (RQ2). 
The two processes are shown in relation to the papers in Figure 8.  
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Table 2 provides an overview of the papers and research methods used 
in each of the two research processes. They will be described further below in 
relation to their use in the research processes and how they are described in 
papers. 

Table 2 

Overview of appended papers  

Research 
Question 

RQ1: How can 
improvement of health for 
individuals with 
schizophrenia and 
improvement of system 
performance be supported 
by coproduction in an LHS 
model? 

RQ2: Can an LHS-based intervention, i.e. 
the use of a point of care dashboard, 
contribute to better health for individuals 
with schizophrenia? 

Papers I-V I II III IV V 

Title A learning 
health system 
for people 
with severe 
mental 
illness: a 
promise for 
continuous 
learning, 
patient 
coproduc-tion 
and more 
effective care 

The role of 
co-production 
in Learning 
Health 
Systems 

Clinical 
validity of the 
12-item 
WHODAS-
2.0 in a 
naturalistic 
sample of 
outpatients 
with 
psychotic 
disorders 

How a Point-
of-Care 
Dashboard 
Facilitates 
Co-
production of 
Health Care 
and Health 
for and with 
Individuals 
with 
Psychotic 
Disorders: A 
Mixed-
methods 
Case Study 
 

Using 
Complexity 
Assessment 
to Inform the 
Develop-
ment and 
Deployment 
of a Digital 
Dashboard 
for Schizo-
phrenia Care: 
Case Study 

Research 
problem/ 
questions 
asked 

Elaborate on 
what an LHS 
for SMIs like 
Schizo-

Few LHS 
descriptions 
address how 
interperso-nal 

Despite 
recognition of 
how on 
patient-

Can useful 
information 
presented at 
point of care 

Understand 
the role of 
complexity 
related to 
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phrenia could 
look like and 
if promising 

interactions 
contribute to 
the design 
and improve-
ment of 
healthcare 
services. 

reported 
outcome 
measures 
(PROM) can 
support better 
care, self-
assessment 
by patients 
with 
psychotic 
disorders are 
not used due 
to objections 
to their 
clinical 
validity 

support 
patients and 
healthcare 
profession-
nals to 
coproduce 
health 
services and 
improved 
health? 

local 
dashboard 
develop-ment 
and 
deployment 

Aim Illustrate how 
schizo-
phrenia care 
could be co-
produced in 
an LHS 
compared to 
standard care 
in a non-LHS 

To examine 
the literature 
on LHS to 
clarify the 
role and 
contribu-tions 
of co-
production in 
LHS 
conceptuali-
zations and 
applications 

To examine 
the psycho-
metric 
properties of 
the short (12-
item) 
WHODAS-
2.0 in a 
naturalistic 
sample of 
patients 
attending a 
psychosis 
clinic. 

To evaluate 
the use of the 
Dashboard, 
particularly its 
utility for co-
production of 
care and its 
contribution 
to improved 
health for 
people with 
schizo-
phrenia 

To gain 
under-
standing of 
complexity 
related 
challenges, 
and to inform 
the develop-
ment and 
deployment 
of the point-
of-care 
dashboard 

Study design/ 
methods 

Applying 
user-centered 
design in 
creation of a 
persona and 
scenarios 
and review of 
LHS literature 
regarding 
SMI 

A literature 
review in 
multiple steps 
using both 
scoping 
review and 
thematic 
analysis. 

A cross-
sectional 
observation-
nal register-
based study-
design using 
factor 
analysis, 
Cronbach’s 
alpha, 
independent 
samples t-
tests and 
Mann-
Whitney U 
test. 

A case-study 
using mixed 
methods in a 
convergent 
design. 
Qualitative 
data from 
focus group, 
and 
qualitative 
data from 
information 
systems, 
were used. 

Using The 
Non-adoption 
Abandon-
ment Scale-
up, Spread, 
and Sustaina-
bility 
Complexity 
Assessment 
Tool 
(NASSS-
CAT) to 
frame data 
collection and 
analysis. 
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4.3.1. Patient coproduction at scale in a Learning Health 
System for schizophrenia 

The main purpose of the research process related to RQ1, which aims for 
system-wide improvements, was to discover how coproduction of health 
services could be integrated and enabled in a LHS to support better health for 
people with schizophrenia at scale. This process involved the following key 
methods: literature searches of research databases, hermeneutic systematic 
review, scoping review, thematic analysis, and expert discussions. 

Literature searches in research databases were performed. Together 
with a university librarian, a comprehensive search strategy was developed, 
including the choice of databases, MeSH terms, and keywords. In addition, 
multiple searches were made in four databases (Cochrane, PubMed, 
PsychInfo, and IEEE Xplore), using two queries: “learning health” and 
“learning healthcare.” Several searches were made over the years to identify 
English-language articles published from January 1, 2007, the year when the 
LHS concept was coined, to March 9, 2020. These were screened for 
relevance by reading titles and abstracts. 

A hermeneutic systematic review[120] was used to explore the 
literature and develop relevant questions. Starting with the question “What is 
an LHS?”, the review was narrowed to sub-questions using a more structured 
approach (i.e., scoping review)[121]. Two linked cycles are the basis of 
hermeneutic reviewing: search and acquisition of literature in parallel with 
doing analysis and interpretations. Mapping and critical assessment of the 
literature leads to arguments being developed as well as a refinement of the 
research problem and questions used in search and acquisition of more 
literature[120,122]. 

A scoping review[121] was used to address different types of 
questions. Arksey and O’Malley[121] provide examples of steps: (i) to 
examine the extent, range, and nature of research activity; (ii) to determine the 
value of undertaking a full systematic review; (iii) to summarize and 
disseminate research findings; and (iv) to identify research gaps in the existing 
literature. In this research, the method has been used to address several 
questions regarding, for example, the use and spread of different research 
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approaches found in the literature and to identify existing theories, models, 
and frameworks related to LHS and LHS development. 

The LHS literature was categorized into research approaches, inspired 
by Barratt and Choi[123], to understand how LHS research has been framed. 
This investigation was done by two researchers in parallel, comparing and 
discussing their results until reaching consensus. See Table 1 for 
categorization of LHS articles.   

Table 3 

Categorization of LHS articles, inspired by Barratt and Choi [123], and 
the number of articles and books in regard to research orientation and 
outcome. Categories are not mutually exclusive. 

Research 
orientation 

Research 
outcomes 

[Description] Number of books 
and articles 

Qualitative 
inductive 

Framework or 
Propositional 

Presents results 
as a theoretical  
conceptualiza-
tion/model/archit
ecture/ 
framework or 
theoretical 
propositions of 
how LHSs or 
parts of LHSs 
might function. 

159 

Descriptive 
insights 

Presents results 
as experiences. 

76 

Qualitative 
deductive 

Revised 
framework or 
hypothesis 

Presents results 
as validation or 
failure of testing 

10 



 

44 

 

framework or 
hypothesis. 

Quantitative 
analytical 

Quantitative 
results 

Presents the 
result of 
development or 
implementation 
in numbers. 

20 

 

Selected papers were read in detail to identify, analyze, and report 
recurrent themes that appeared to be universal with an ambition to support 
practical development of LHSs and to further theorize[124–126]. The 
hermeneutic process was used to deepen understanding of the LHS research 
and to refine the research questions on how LHS can be developed to support 
complex healthcare. The content of the books and articles were sorted into six 
broad domains inspired by Braun and Clarke[127]: (i) coproduction of health, 
(ii) collecting relevant data, (iii) facilitated data collection, (iv) information 
infrastructure, (v) analysis, and (vi) applications and interfaces. 

Expert discussions have been used continuously to further increase 
my understanding of LHSs. Early on, I tried to grasp and describe what an 
LHS is in a model. Different versions of this LHS model, derived from the 
hermeneutic process of trying to understand the literature and essential 
themes, were shown, described, and discussed in dialogue either individually 
or in pairs with seven LHS researchers, developers, and internationally 
recognized health system transformation leaders, primarily from the US, the 
UK, and Sweden. Feedback from these meetings was used to develop an 
understanding of what an LHS could be. These learnings were fed back to the 
continuous work of the LHS model developed in this thesis (Figure 11) and 
described in the Summary of findings section. 

The reviewing of the literature fed into studying how schizophrenia 
care could be coproduced in an LHS compared to standard care in a non-LHS 
(Paper I) and an exploration of the role and contributions of co-production in 
LHS conceptualizations and applications (Paper II). Papers I and II are 
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described in the following regarding data collection and analysis, with a short 
introduction of the background. 
 

Paper I: A Learning Health System for People with Severe Mental 
Illness: A Promise for Continuous Learning, Patient 
Coproduction and More Effective Care 

Aim: By using a user-centered system design approach, a persona and use-
case scenarios were created to illustrate how schizophrenia care could be co-
produced in an LHS compared to standard care in a non-LHS. 

The idea of LHSs might be promising in general, but knowledge on how 
patients with SMIs like schizophrenia could benefit from getting care in an 
LHS is, by and large, missing. Patients with, for example, schizophrenia face 
multiple challenges related to coproduction of health, including cognitive 
impairments, paranoia, and delusions, sometimes making it hard to participate 
in planning and evaluation of treatments. These factors make schizophrenia 
care more complex and calls for interventions that take system properties into 
account. Therefore, this paper explores how individuals with SMI and their 
next-of-kin could benefit from a health system designed in line with LHS 
characteristics.  

In collaboration with the patient advocacy organization, the Swedish 
Schizophrenia Fellowship (Schizofreniförbundet), a human-centered design 
approach was used[128]. Digitalization of healthcare requires a profound 
understanding from a user perspective, and methods related to user-centered 
system design and other human-centered design approaches specifically are 
created for those purposes[129]. Through a series of meetings, a persona was 
created along with several scenarios (“a visit to the psychiatrist,” “reflections 
after the visit,” and “visit to the emergency room at the hospital”) used to 
illuminate essential differences between schizophrenia care in a non-LHS and 
schizophrenia care an LHS-inspired system. 
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Paper II. The role of Co-Production in Learning Health Systems 

Aim: We examined the literature on LHS to clarify the role and 
contributions of co-production in LHS conceptualizations and 
applications. 

There is increasing interest in how the LHS concept allows integration of 
different knowledge domains to support and achieve better health. Although 
the most used definition of LHSs[1] include engaging users and their family 
as active participants to enable better health for individuals and populations, a 
majority of LHS descriptions emphasize technological solutions, such as the 
use of information systems. Fewer LHS descriptions address how 
interpersonal interactions contribute to the design and improvement of 
healthcare services. Therefore, this paper examined the literature on LHS to 
clarify the role and contributions of co-production in LHS conceptualizations 
and applications. 

First, we undertook a scoping review of LHS 
conceptualizations[121]. Second, we compared those conceptualizations to 
the characteristics of LHSs first described by the US Institute of Medicine. 
Third, we examined the LHS conceptualizations and examples of their 
applications in practice to assess how they bring four types of value co-
creation in healthcare services into play: co-production, co-design, co-
construction, and co-innovation[97]. These were used to describe core ideas 
of an LHS, as principles, to guide development, inspired by Braun and 
Clarke’s thematic analysis[127]. 

4.3.2. Development and testing of local LHS application 

This research process primarily had a single case study approach (Yin, 1994). 
Multiple methods have been used for data collection and development and 
testing of a local LHS application, specifically a PoC dashboard at the 
Department of Schizophrenia Spectrum Disorders at the Sahlgrenska 
University Hospital in Gothenburg, Sweden. This process contained the 
following key methods: statistical methods (both parametric and non-
parametric), focus groups, thematic analysis, and complexity assessment 
(using the NASSS-CAT)[71]). 
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The case and its context are further elaborated on in Section 3.3 (“The 
Case and Context”). Three papers describe different evaluations of the PoC 
dashboard project: (i) examination of the psychometric properties of the 
PROM in use (Paper III); (ii) a study of changes in PROMs related to use of 
the PoC dashboard (Paper IV); and (iii) assessment of complexity related to 
challenges in scaling-up the dashboard initiative across outpatient clinics and 
psychiatric departments at the hospital (Paper V). These three are further 
described regarding data collection and analysis with a brief introduction of 
the background. 

Paper III. Clinical Validity of the 12-item WHODAS-2.0 in a 
Naturalistic Sample of Outpatients with Psychotic Disorders 

Aim: To examine the psychometric properties of the short (12-item) 
WHODAS-2.0 in a naturalistic sample of outpatients attending a psychosis 
clinic in Gothenburg, Sweden. 

Background and data collection: Although there has been an increasing 
recognition of how patient-reported outcome measures (PROM) can support 
better care[130], self-assessment by patients does not have a strong tradition 
in schizophrenia research because of objections to their clinical validity (e.g., 
patients being affected by psychotic symptoms at the time of administration). 
The World Health Organization Disability Assessment Schedule 2.0 
(WHODAS-2.0)[131,132] measures disability and functional impairment and 
is used at the department. The Swedish version of the 12-item WHODAS-2.0 
has not yet been validated in patients with psychotic disorders. To inform the 
assessment tool’s clinical use, this study examined the psychometric 
properties of the 12-item WHODAS-2.0 in a naturalistic sample of outpatients 
with psychotic disorders (e.g., schizophrenia and schizoaffective disorder). 

This cross-sectional observational registry-based study used 
registered patient data from patient records, background information, 
WHODAS-2.0 12-item scores, and the eight diagnostic-specific core 
symptoms from the Positive and Negative Syndrome Scale (PANSS)[133] 
questionnaire. The PANSS was assessed by case managers at the annual 
check-ups. We included all patients with WHODAS-2.0 values registered 
between January 2016 and December 2019 at two outpatient clinics. The 
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earliest registered values from each patient were kept, resulting in 881 unique 
observations. 

Data analysis: Confirmatory factor analysis (CFA) was used to 
explore the validity of the WHODAS-2.0 in the study population, since we 
had a theoretical framework and previously proposed models. The overall fit 
of one strong disability factor (all 12 items loading on a single factor) was 
compared with a model including six first-order factors representing each two-
item subscale: (i) understanding and communicating; (ii) moving (capacity to 
move one’s body); (iii) self-care (ability to attend to personal hygiene, 
dressing, and eating and to live independently); (iv) getting along (ability to 
interact with others); (v) life activities (ability to carry out responsibilities at 
home, work, and school); and (vi) and participation in society (capacity to 
engage in community, civil society, and recreational activities)[131]. Item 
convergent and discriminant validity were assessed by calculating Spearman’s 
correlation coefficient for items within and between the six domains–i.e., 
whether measures of the same construct are correlated (convergent validity) 
or unrelated (discriminant validity). Internal reliability was assessed using 
Cronbach’s alpha. We hypothesized that age (above the median of 53 years), 
multi-morbidity, high PANSS 8-item scores (> median 14 on the sum score, 
or > 3 per individual item), and assisted living status would correlate to a 
higher degree of disability, indicated by higher mean total WHODAS-2.0 
scores. To test these hypotheses, we performed subgroup analyses using 
independent samples t-tests and the Mann-Whitney U test. 
 

Paper IV. How a Point-of-Care Dashboard Facilitates Co-production 
of Health Care and Health for and with Individuals with 
Psychotic Disorders: A Mixed-methods Case Study 

 
Aim: To evaluate the use of the Dashboard, particularly its utility for 
coproduction of care and its contribution to improved health for people with 
schizophrenia. 

The department sought to develop a PoC dashboard to support professionals, 
patients, and their next-of-kin during visits, hypothesizing that joint follow-
ups could be more effective and efficient if useful information (about, e.g., 
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treatments, risks, and progress) were readily available when needed in a 
format that could help assess progress and prompt action. The PoC dashboard 
(Figure 9) has been developed locally through workshops, development of a 
proof-of-concept, prototyping, user-testing, and finally pilot tested at two 
outpatient units at the department. Pilot testing was initiated in August 2017 
in an outpatient unit serving 187 patients and expanded in April 2018 to a unit 
serving 230 additional patients. The two pilot tests proceeded for 18 months 
and were expected to help improve patient health or lessen the burden of the 
illness on the level of functioning. 
 

 
Figure 9. The Point of Care Dashboard showing graph of progress, automated 
checklist and additional information. Developed to support patient coproduction of 
schizophrenia care. 
 
This case study investigates how a PoC dashboard enhanced coproduced 
schizophrenia care. A convergent mixed method design[134] was used, which 
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combines quantitative data generated from the use of the dashboard and 
qualitative data from a focus group interview[135]. Quantitative and 
qualitative data analyses were first conducted in parallel and later merged to 
support integrated reporting. The Clinical Adoption Meta Model 
(CAMM)[136] was used to guide data collection and analysis by using four 
logically sequenced phases: accessibility, system use, clinical behavior, and 
clinical outcomes. A descriptive analysis was performed from the data 
generated from the dashboard regarding access, use, behavior, and outcomes. 
Data on behavior were related to annual check-ups, and outcomes were 
retrieved from the hospital’s health information system. The primary outcome 
measure in use was the patient-administered 12-item World Health 
Organization Disability Assessment Schedule 2.0 (WHODAS), which 
measures functional impairment and disability[131]. Data from the focus 
group interview related to use of the dashboard was analyzed using CAMM 
as a deductive framework and merged with the descriptive data related to each 
of CAMM’s phases: access, use, behavior, and outcomes. 

Paper V. Using Complexity Assessment to Inform the Development 
and Deployment of a Digital Dashboard for Schizophrenia 
Care: Case Study 

Aim: To use a pilot version of the NASSS-CAT instrument to inform the 
development and deployment of a point-of-care dashboard supporting 
schizophrenia care in west Sweden. 

A growing interest in a local LHS application, a PoC dashboard for 
schizophrenia, led to an ambition to spread the innovation across multiple 
psychiatric departments at the hospital. The project encountered many 
challenges that made it difficult or even impossible to proceed. To gain 
understanding of the challenges, the project was assessed regarding 
complexity using a pilot version of a complexity assessment instrument to 
inform the development and deployment of the PoC dashboard. 
We used complexity assessment in this case study[137] of the dashboard 
project using the NASSS-CAT[71] to structure data collection and feedback 
sessions with stakeholders. This was done to inform an emergent approach to 
the development and deployment of the PoC dashboard while feeding 
information into the development of the assessment tool and a study 
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protocol[71]. We also performed a thematic analysis[127], drawing on 
observations and documents related to stakeholders’ use of the NASSS-CAT 
to describe their views on its usefulness. Specifically, we report on the 
complexity profile of the project, stakeholders’ experiences using NASSS-
CAT, and practical implications for further development and deployment of 
the dashboard and similar projects. 

4.4. Research quality criteria 

Research quality is related to evaluating and assessing the research process 
and results by the researcher, readers and reviewers [138]. Several criteria 
have been proposed to help, both design and conduct studies, as well as assess 
their quality. In quantitative studies, primary quality criteria are related to 
validity and reliability [139], in qualitative studies, corresponding concepts 
such as trustworthiness and authenticity are proposed [140]. Given the use of 
multiple research methods in this thesis, the quality criteria will be described, 
using common quality principles that relate to both quantitative and 
qualitative criteria for quality. The principles (and corresponding 
quantitative/qualitative quality criteria are: i) truth value of science (Internal 
validity/Credibility), ii) applicability of evidence (External validity 
/Transferability), iii) consistency of evidence (Reliability/Dependability), 
and, iv) neutrality of evidence (Objectivity/Confirmability)[141,142]. These 
quality principles are related to each of the papers and the overall thesis (Table 
4) The focus will be on various measures applied to enhance the research 
quality.  
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Table 4  
 
Summary of application of quality criteria inspired by Frambach et al 
[141] 
 

Quality principles (and 
criteria) 

Application(s) 

Truth value of evidence 
Internal validity (Quant.) - 
The extent to which 
observed effects can be 
attributed to the independent 
variable 
Credibility (Qual.) - The 
extent to which the study’s 
findings are trustworthy and 
believable to others. 
 

Internal validity of findings in paper III & IV are 
strengthened by contextual descriptions. The use 
of a matched sample of patients in paper IV 
further strengthens internal validity, as well as 
using outcome measures that had been clinically 
validated for the same population of patients, at 
the same Department using the similar ways (the 
Dashboard) to collect the measures (PROM) 
described in paper III. 
Paper IV makes use of multiple data sources, 
investigators and methods to enable 
triangulation, in the evaluation of the PoC 
dashboard and in the assessment of the 
complexity involved when deploying the 
dashboard further (in Paper V). 
Paper II, IV and V involved multiple investigators 
throughout the processes of coding, analysis and 
interpretation. 
The project under study (dashboard) has been 
going on for a long time (>5years) and involved 
investigators who are either working in the 
organisation or have visited and followed 
progress in a prolonged engagement. 
Discussions and input from supervisors, co-
investigators and external advisors have led to 
emphasis on central themes, e.g. the 
coproduction on health. This is an example of 
persistent observation. 
Member checking has been made in Paper V, 
where some workshop participants and 
additional heads of departments (related to 
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assessment of complexity) shared  results and 
responses were fed into the analysis. 

Applicability of evidence 
External validity (Quant.) - 
The extent to which the 
results can be generalised 
from the research sample to 
the population. 
Transferability (Qual.) - The 
extent to which the findings 
can be transferred or applied 
in different settings. 
. 
 

The performed construct validation of WHODAS-
2.0 in paper III, verifies predicted relationships 
between dependent (WHODAS-2.0 scores) and 
independent variables (e.g. age, multimorbidity, 
level of symptoms and assisted living status).  
Thick descriptions of context are provided in two 
papers (paper I and IV) as well as descriptive 
examples of interaction in the context (use of a 
persona and use-cases). 
The use of the NASSS framework and 
complexity assessment tool (NASSS-CAT) help 
increase understanding of how the case under 
study has similarities to other projects, informing 
assessment of transferability. The complexity of 
the illness of schizophrenia has similarities to 
other complex and chronic conditions where 
patients are dependent on others (e.g. next of 
kin) during episodes of increased symptoms, e.g. 
pediatric IBD. 

Consistency of evidence 
Reliability (Quant.) - The 
extent to which the results 
are consistent if the study 
would be replicated. 
Dependability (Qual.) - The 
extent to which the findings 
are consistent in relation to 
the contexts in which they 
were generated. 

The research processes have been described in 
each paper, of which four so far have been 
published in peer-reviewed journals. 
Analysis of data in Paper III investigates the 
internal consistency of the PROM in use (the 
WHODAS-2.0) using Chronbach’s alpha, 
strengthening the reliability of the quantitative 
results in paper IV. 
WHODAS-2.0-Data collected through the use of 
the dashboard in paper IV are used in paper III to 
confirm hypotheses related to constructs, e.g. 
that level of clinician-assessed symptoms is 
related to patient-reported level of functioning. 
This strengthens the idea that patients’ self-
reported level of functioning are useful in clinical 
practice and further studies.  
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Neutrality of evidence 
Objectivity (Quant.) - The 
extent to which personal 
biases are removed and 
value free information is 
gathered. 
Confirmability (Qual.) - The 
extent to which the findings 
are based on the study's 
participants and settings 
instead of researchers' 
biases. 

Analysis of quantitative data has been made by 
one internal and one external researcher, of 
which none has been involved in the 
development and testing of the PoC dashboard. 
Data has been collected and stored securely - 
kept until studies are finished, creating the 
possibility to re-check analysis and 
interpretations when questions arise. 
Notes have been made throughout my PhD-
studies that support reflexivity, and ultimately 
critical thinking and learning.  
This has also been linked to the continuous 
reviewing of the LHS literature, with a 
hermeneutic stance, to deepen my knowledge 
and refine questions asked throughout the 
process. 
Discussions with supervisors, leaders and 
others, about what an LHS is and if and how it 
can be developed has supported joint reflexivity, 
which was linked to my own process.  

 

Schizophrenia’s recommended treatments in guidelines and the 
messiness of the real world of coordinating and bringing a healing process into 
play are fraught with complexity. Isolating and studying cause and effect 
relationships while controlling for confounders not only are time consuming 
and costly but also most probably are unhelpful for generating practical 
knowledge. Instead, this study is naturalistic, studying the real world effects 
of trying out new ways of working, using fundamental quality improvement 
principles[46] and an action research approach[112]. This effort was 
embedded in the context of schizophrenia care at the hospital. Effects 
somewhat related to dashboard use can be measured quantitatively, explored 
qualitatively, and to some extent observed by involved researchers and 
developers. Merging analysis of measurements and interviews in a convergent 
design can help increase understanding of the effects and impact for patients 
and for the system. The prolonged engagement of quality improvement 
officers, developers, healthcare professionals, and both internal and external 
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researchers creates good conditions to develop deep knowledge of the case 
and context, supporting analysis and knowledge generation. 

The study of the dashboard initiative is further strengthened by the 
analysis of the project’s complexity. Only showing positive results from 
piloting would not be enough to help decision makers make informed 
decisions about the project’s potential for scale-up and spread throughout the 
organization. Instead, complexity assessment was used to identify challenges 
and help inform a different course of action than first planned. This has led to 
new initiatives, building on knowledge generated through the dashboard 
development project and related studies summarized in this thesis. There are 
also some limitations. The results from the study of the dashboard project 
could be further examined in detail, especially related to how the dashboard 
was used in interaction between patient and healthcare professional, if patients 
had been included through interviews or observations. This was planned at 
first but was not carried out due to a major upgrade of all computers within 
the organization, which made some of the dashboard’s central features (graph 
showing progress over time) inoperable. Instead, patients are represented 
through the use of their repeatedly self-reported level of functioning, using 
WHODAS 2.0, and experiences indirectly reported by some of their case 
managers in the focus group interview.   

4.5. Ethical considerations 

Here, I address ethical considerations related to the research participants and 
the use and handling of health data. The Declaration of Helsinki[143] contains 
guiding ethical principles related to medical research involving human 
subjects. The declaration stresses respect for all human beings, including their 
health and rights, special protection for vulnerable populations, and for those 
whom the research is combined with care. There are two groups of research 
participants represented in this thesis–patients and healthcare professionals. 

Patients at the department can be considered a vulnerable group 
according to the Swedish Ethical Review Act[144] and health-related data as 
sensitive data according to the Personal Data Act[145]. No data related to 
patients’ health was collected for research purposes only, instead only routine 
collected patient-data was used. As part of the routine care, a majority of 
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patients regularly filled out the PROMS in use, the WHODAS-2.0, and 
healthcare professionals documented information in the electronic health 
record and quality registries. The natural variation (e.g., the dashboard used at 
two out of seven outpatient clinics) was used to compare case-mix regarding 
sex and age, content of care, and self-reported outcomes between outpatient 
clinics having access to the dashboard and ones with similar case-mix that did 
not have access to the dashboard (Paper IV). Risks for patients related to the 
studies (e.g., handling of sensitive data) were considered very low or non-
existent due to the use of routine-generated data, storage, and processing of 
data within the healthcare system’s information platform with an already high 
level of security and confidentiality. Nevertheless, ethical vetting was stressed 
when using data generated by patients and data from the health information 
systems regarding the content of patients’ treatments. Ethical approval was 
granted by the Swedish Ethical Review Authority (#2020–03010) to use data 
from the information systems, including WHODAS 2.0, when assessing the 
clinical validity of the PROM (Paper III) and evaluating the use and impact of 
the dashboard (Paper IV). 

The second group of participants were healthcare professionals 
involved in evaluating the use and usefulness of the dashboard in a focus 
group (Paper IV) and other professionals (e.g., developers and managers) 
participating in a workshop assessing the complexity of the dashboard (Paper 
V). All participants were given both oral and written information about the 
purpose of the study and were given the opportunity to withdraw from the 
study at any point before the completion of the data collection. Along with 
supervisors and fellow investigators, we concluded that the ethical vetting 
process did not need to involve healthcare professionals who were participants 
since data collection was not related to sensitive information. 
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5.  Summary of findings 

5.1. Paper I - A Learning Health System for People 
with Severe Mental Illness: A Promise for 
Continuous Learning, Patient Coproduction and 
More Effective Care 

LHSs might be promising in general, but knowledge on how patients with 
SMIs such as schizophrenia could benefit from a LHS is largely missing. The 
exploration of an LHS for SMI underscored the great potential for individuals 
with SMI in enabling continuous learning, patient coproduction, and more 
effective care. This can potentially be achieved by creating and using the 
following strategies and techniques. 

  
(i)               Supportive technologies at the point of care that 

visualize progress over time and other important 
information (e.g., individualized real-time evidence) 
in a user-adapted manner so individuals even with 
cognitive dysfunction can understand and 
participate in a dialogue on assessment, evaluation, 
and planning of interventions towards better health.  

(ii)             Platforms or portals where individuals with SMI can 
stay connected, share information, and communicate 
with their network (resource group/microsystem). 

(iii)           Easily available information regarding a patient’s 
preferences on how to be treated in times of crisis 
when the individual is unable to make decisions 
related to care. 

 These are examples of how LHS applications could support SMI care that 
promote an overall proactive approach by enabling patient coproduction.  
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5.2. Paper II - The Role of Coproduction in Learning 
Health Systems 

In this paper, we examined the literature on LHS to clarify the role and 
contributions of co-production in LHS conceptualizations and applications. 
Among 17 identified LHS conceptualizations, three qualified as most 
comprehensive regarding fidelity to LHS characteristics (Box 2) and their use 
in multiple settings: (i) the Cincinnati Collaborative LHS Model; (ii) the 
Dartmouth Coproduction LHS Model; and (iii) the Michigan Learning Cycle 
Model. These conceptualizations and their use in practice exhibit all four types 
of value co-creation described by Osborne et al.[97] (co-production, co-
design, co-construction, and co-innovation) and provide examples of how 
LHSs can harness coproduction. They were used to identify seven principles 
that can enhance value co-creation in LHSs: (i) use a shared aim; (ii) navigate 
towards improved outcomes; (iii) tailor feedback with and for users; (iv) 
distribute leadership; (v) facilitate interactions; (vi) co-design services; and 
(vii) support self-organization. The LHS models facilitate learning and 
improvement by integrating supportive technologies into the sociotechnical 
systems that make up healthcare. Further research on LHS applications in real-
world complex settings is needed to unpack how LHSs are grown through 
coproduction and other types of value co-creation. 

5.3. Paper III - Clinical Validity of the 12-item 
WHODAS-2.0 in a Naturalistic Sample of 
Outpatients with Psychotic Disorders 

An assessment of the PROM in use at the Department of Schizophrenia 
Spectrum Disorders, the World Health Organization Disability Assessment 
Schedule 2.0 (WHODAS 2.0), was made using naturalistic data to examine 
the psychometric properties of the short (12-item) version. The WHODAS 2.0 
sum score used for measuring general disability showed good reliability 
(Cronbach’s alpha = 0.89). Construct validity was confirmed as patients with 
comorbidities, patients in assisted living, and older patients had higher 
WHODAS 2.0 scores. Patients with more severe symptoms measured with the 
8-item PANSSS had significantly higher WHODAS sum scores than patients 
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with no or mild psychotic symptoms. Findings validate the 12-item WHODAS 
2.0 and further corroborates the clinical significance of the short (12-item) 
version by demonstrating consistent associations between patients’ age, living 
situation, medical comorbidities, and psychotic symptom severity using 
naturalistic data. 

5.4. Paper IV - How a Point-of-Care Dashboard 
Facilitates Co-production of Health Care and 
Health for and with Individuals with Psychotic 
Disorders: A Mixed-methods Case Study  

This case study investigates how a PoC dashboard enhanced coproduction of 
schizophrenia care at two outpatient clinics. Regarding accessibility, 50 users 
accessed the platform (containing the dashboard) 2.9 times per week (mean), 
4846 times between August 2017 and November 2019. The PoC dashboard 
was primarily associated with very positive user experiences, perceived to be 
of great support in keeping focus on process and progress both for individual 
patients and for the case-managers in their work. Use was associated with a 
proactive behavior, enabling swifter responses to patient-reported needs and 
more adaptive responses to fluctuations, possibly explaining the favorable 
outcomes compared to a similar group of patients without access to a 
dashboard at PoC. Comparisons of outcome measures between patients 
receiving care at the two pilot outpatient units using the dashboard and a 
similar group of patients (regarding age and sex) at the other clinics showed a 
significantly higher proportion of patients who improved regarding level of 
functioning, measured with WHODAS 2.0, and regarding the subscale for 
“self-care.” The participants in the focus group interview reported that the PoC 
dashboard helped motivate both patients and case managers to continuously 
evaluate and pursue progress. 

To conclude, the PoC dashboard was found to be useful in supporting 
planning and supported implementation of activities related to annual follow-
ups, increasing the probability that patients receive care according to the 
protocol and supporting a proactive approach, leading to overall better health. 
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5.5. Paper V - Using Complexity Assessment to 
Inform the Development and Deployment of a 
Digital Dashboard for Schizophrenia Care: 
Case Study 

Challenges with development and deployment of an LHS application are 
assessed using the NASSS-CAT. Complexity assessment revealed different 
types of complexity across multiple domains, including the condition, 
technology, value proposition, organizational tasks and pathways, and the 
wider system. Experiences from the workshop and validation sessions showed 
that domains that otherwise might have been neglected received more 
attention and were brought forward to subsequent planning of the project. The 
assessment identified strengths of the dashboard initiative to further build 
upon while also exposing wider organizational complexity that can challenge 
the process and spread of the initiative. The assessment helped participants 
generate specific ideas for how to reduce complexity and strengthen the ability 
to manage any remaining complexity. The conclusions are that applying a 
perspective of the role of complexity can provide useful knowledge on what 
might work in developing and deploying applications and new ways of 
working towards an LHS. The NASSS-CAT was perceived as helpful in 
planning, executing, and evaluating digitization projects in health and social 
care systems. Practical implications derived from feedback sessions with 
managers and developers are described in Box 5. 

Box 5. 

Practical project-specific implications for further development of the 
Dashboard project [72]  
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1. Develop a clear value proposition with information on costs, 
benefits, and risks. This can guide decisions to make more 
resources available or halt further development.  

2. Update the overall vision and maintain dialogue to keep it 
common and up-to-date as the initiative evolves.  

3. Strengthen the project’s leadership and support structure by 
clarifying how the project is governed and organized. Earmark 
resources in terms of both money and dedicated time of key 
individuals.  

4. Maximize benefits and minimize complexity by focusing on parts 
of the technology/innovation with a low(er) threshold to 
deployment related to the frontline users: case managers, 
psychiatrists, and patients. Set and keep the scope of the 
development and deployment project by using measures to 
monitor and understand progress and benefits such as saving 
time, reducing administration, and gaining a better overview.  

5. Act strategically in the wider context to strengthen the initiative by 
creating a strategy and plan for communication upwards in the 
organizational hierarchy and outwards to gain acceptance and 
sponsorship from key individuals, considering if “rebranding” can 
make the dashboard’s development and its work processes better 
fit into the policy context, and connecting to other departments 
that develop, use, or evaluate similar technologies.  

 

5.6. A synthesized LHS model for severe mental 
illnesses like schizophrenia 

Knowledge generated through the studies and the review of LHS literature 
was synthesized into a LHS model for complex severe mental illnesses like 
schizophrenia. In line with models described earlier (i.e., the CCM and the 
CMT), the purpose of this model is to help understand, develop, and study 
improvement of health at multiple levels: meet the needs of individuals like 
Ana and emphasize system properties essential to enhance coproduction and 
value creation[97] at scale. 
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5.6.1. Joint learning for the individual and the system 

The ability to assess progress, to make informed decisions based on prognosis 
and preferences, and to make changes and evaluate outcomes (typically at 
PoC) jointly with the individual in need (the patient and sometimes next-of-
kin) and the healthcare professional(s) is the engine of an LHS. For example, 
Paper I showed how Ana could be supported to coproduce individualized 
health services, by being assisted to participate in planning and evaluation of 
her own care in different LHS scenarios. Friedman and colleagues[38] 
propose that a learning cycle, inspired by Deming’s PDSA, on the level of the 
user consists of three interconnected processes: action to data (Measure); data 
to knowledge (Evaluate); and knowledge to action (Act). These processes 
support continuous learning and improvement. Action to data (Measure) 
means collecting data that can improve understanding and prognosis in 
comparable groups of patients. Data to knowledge (Evaluate) is about getting 
insights related to state of health, progress, risks, treatment alternatives, 
possible side-effects and prognosis when data for the individual are analyzed 
in relation to all available data (of similar cases/digital cohorts). Finally, 
knowledge to action (Act) requires readily available data in a useful format 
that can help provide insight and prompt action based on patient 
characteristics, calculated prognosis, and identified risks. 
 

Figure 10. A learning cycle consisting of connected processes related to 
measure, evaluate and act. Inspired by Deming’s PDSA and Friedman’s 
LHS model [38]. 
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Complete feedback cycles on the level of individuals and 
microsystems generate data related to, for example, patient characteristics, 
treatments, and outcomes, which can support navigation towards better health 
for the individual. The same data but from every patient can provide new 
knowledge useful for quality improvement initiatives, research, and 
management, which can help develop the healthcare system’s ability on all 
levels–the individual level, the mesosystem level, and macrosystem 
level[8,102,146] (Figure 11). Analysis of what works for whom, when, and 
where can potentially serve as real-life and real-time guidelines that can 
inform treatment, or in the words of IoM: “In such a system of care, patients 
and providers can understand what they need to know, and patients are more 
likely to receive the right care at the right place at the right time, every time, 
based on accurate information and their own preferences”[147].  
 

 
 
Figure 11. Learning cycles provide feedback and learning for individuals in 
treatment while supporting learning and feedback supporting quality 
improvement, research, and management. 
 

System level properties were identified throughout the PhD process, 
both through studying the literature and studying the dashboard project. The 
following domains were derived in the process and is presented in a model 
(Figure 12) and under the following subheadings: (i) coproduction of health; 
(ii) collecting relevant data; (iii) facilitated data collection; (iv) information 
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infrastructure; (v) analysis; and (vi) interfaces. The model builds on Friedman 
and colleagues’ Michigan Learning Cycle Model[38], one of three models 
identified in Paper II as being most true to IoM’s LHS characteristics and 
being in use at multiple sites around the world to support LHS development.  
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5.6.2. Coproduction of health 

The idea that an LHS should be designed, developed, governed, and used in 
coproduction between all stakeholders (patients, next-of-kin, healthcare 
professionals, managers, researchers, and policy makers) permeates the 
concept of LHS. The challenges faced by patients with severe and chronic 
illnesses, their families, and the healthcare systems cannot be solved by 
anyone alone but is a joint endeavor. Paper I shows the challenges for patients 
like Ana when trying to engage in her own care (in a non-LHS), putting 
pressure on the healthcare professional to make decisions that fit with the 
patient’s situation and capabilities. The fictitious case of Ana getting care in 
an LHS (Paper I) illustrates how patient coproduction potentially could be 
enabled that not only includes healthcare professionals that Ana has not met 
before (at the emergency room) but also her next-of-kin (her mother). In 
evaluating the dashboard project (Paper IV), case managers emphasized the 
value and possibilities to jointly assess progress, to celebrate when things were 
improving, and to act when things deteriorated. By using a clinically validated 
PROM (Paper III), joint discussions on progress could be related both to 
sought for outcomes of the individual patients as well as sought for outcomes 
of the healthcare system. Looking more closely at how the most 
comprehensive LHS models and applications support different kinds of 
coproduction (Paper II) shows that coproduction in LHSs is not restricted to 
the patient-provider dyad but builds on CAS principles and QI methodology, 
enabling communities and networks, so-called Learning Networks 
[100,148,149]. Learning networks share goals and primary outcomes and 
collaborate across organizational boundaries as well as create and share 
resources and knowledge[98,99,149,150]. Learning networks could use 
“actor-oriented organizational architecture”[6,150] to adaptively allow more 
distributed decision-making to all users involved (patients, families, 
clinicians, researchers, and health system leaders) to address and solve 
problems important to them. Assessment of the dashboard project’s 
complexity (Paper V) showed that further scale-up and spread of the initiative 
had restricted possibilities while assessment and analysis provided insights 
that could help guide development in other ways than planned. 
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Table 5  
 
Literature related to coproduction of health in LHSs 

Coproduction of 
health  

29 articles and books of Framework/Propositions 
[20,80,94,98,146–148,150–171], 19 on 
Descriptive insights [20,99,148,157,163,169,171–
183], 3 Revised framework or hypothesis 
[6,163,172], and 7 Quantitative 
[6,75,151,153,161,172,178] 

 

5.6.3. Collecting relevant data 

Although more data than ever have been collected and generated in 
healthcare[170], we often miss data of great relevance for learning and 
improvement when we lack a focus on patients and what matters to them both 
in healthcare and research[8,102,146,184,185]. Although massive amounts of 
routine collected data are generated through healthcare processes, it is not 
enough as there often is a lack of outcome measures that can help assess 
progress and to what extent patients’ health has improved or deteriorated. This 
was illustrated in the case of Ana getting care in a non-LHS (Paper I). As 
described in Paper II, patient reported outcome measures (PROM) serve as a 
core driver of care in LHS[75,81], and measuring “What matters to me!” as a 
patient is of great importance[6,8,81,94,103,164]. Paper III found that the 
clinical validity of the PROM used in the dashboard (WHODAS-2.0) had 
good reliability and construct validity. By navigating towards better health for 
the patient using PROMs, care can be evaluated not only on the level of 
individual care but also on the aggregated level, creating knowledge about 
what works for whom, when, and where. This was partly done in the 
evaluation of the dashboard project in Paper IV, which compared similar 
groups of patients receiving different interventions (follow-up with or without 
the dashboard). Not only outcome measures like PROM but also knowledge 
about treatments (processes), about the patient(s) (prognostic and risk factors), 
about the patients’ health (symptoms, side-effects, and level of functioning), 
and about resources are needed. This combined data can generate information 
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on what works best for patients in relation to their specific characteristics and 
provide a real-time evidence-base that can help individualize care and the 
assessment of outcomes[8,164,186]. Although there is an awareness of what 
data are needed, the healthcare’s information systems might not be adapted to 
this need, which might lead to additional administrative work, for example, 
collecting data in parallel in multiple information systems. An aim to collect 
all data possible might slow down the process of moving towards functioning 
learning cycles. Work on how LHSs can be developed in low- and middle-
income countries can provide clues on how to proceed pragmatically using as 
simple as possible common dataset with data entered only once[39]. 

Table 6.  
 
Literature related to the collection of relevant data in LHSs. 

Collecting relevant 
data 

17 articles and books related to 
Framework/Propositions 
[20,39,80,102,153,164,184,185,187–195], 10 
articles and books on Descriptive insights 
[20,102,178,179,187,189,190,196–198], 1 on 
Revised framework or hypothesis [6], and 4 with 
Quantitative results [6,75,153,178]. 

 

5.6.4. Facilitated data collection 

Lack of interoperability between healthcare information systems can increase 
administration by making it a necessity to enter information in more than one 
system. Healthcare systems need to support easy data collection and feedback 
to enable a data-driven approach to improvement. For example, ICN addresses 
this issue using a “data-in-once-strategy” to eliminate unnecessary and 
redundant documentation[190,199]. By collaborating with three major 
electronic health record system providers, structures were created that 
simplify the collection and feedback of data for treatments, quality 
improvement initiatives, and research, minimizing the number of parallel 
information systems[199]. This was exemplified in relation to multiple ways 
to coproduce healthcare (Paper II). The case of Ana (Paper I) illustrates how 
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schizophrenia care is restricted when information cannot be shared and how 
potentially intraoperative systems and interfaces could support patient 
coproduction. A mix of older and newer information systems can increase the 
challenge of moving towards interoperability. The assessment of the 
dashboard project’s complexity showed that complexity in the domain of 
technology was related partly to dependencies on other and sometimes older 
systems. One solution can be to automate data entry, from one system to 
another, using robotic process automation (RPA), helping make data available 
in the right format without any additional administrative work by healthcare 
professionals[170]. Useful data are not only generated on site when patients 
are at wards or at visits to the out-patient clinic but also by patients themselves, 
from home, or on their way to a doctor’s appointment. This could be filling 
out questionnaires or assessing pain and mobility before visiting a 
rheumatologist as in the example of SRQ[200,201] described in Paper II, but 
it could also be data generated by sensors measuring blood pressure, blood 
sugar level, or tracking level of activity from the sensors on a mobile phone. 
The overall challenge is to integrate data collection (measure) as a natural part 
of the care processes/learning cycles, as described in the case of our persona, 
Ana (Paper I and IV), an essential part in enabling analysis that can provide 
new knowledge. 

Table 7.  
 
Literature related to facilitated data collection 

Facilitated data 
collection 

12 articles and books related to 
Framework/Propositions 
[147,150,170,184,185,187–190,202–204], 5 
articles and books on Descriptive insights, 1 
article on Revised framework or hypothesis [199], 
and 2 with Quantitative results [75,202].  

 

5.6.5. Information infrastructure 

Infrastructure is needed to securely support and enable collection, storage, and 
analysis of data as well as to make data available securely for all intended 
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purposes. This domain is related to ethics (in LHSs)[205–208]. Infrastructure 
is needed to connect several sources of data for its multiple purposes, whether 
patient-generated through sensors from home or routine-generated data from 
healthcare’s processes. Feedback through reports and user interfaces is needed 
on all levels for the patient and clinician at PoC, quality improvement projects, 
research, and governance of the healthcare system, all of which require an 
expedient infrastructure[38,102]. The ICN, described as promoting 
coproduction of health services between multiple stakeholders in Paper II, 
provides an example of how to create a joint information infrastructure as well 
as identifying challenges related to, for example, organizational IT priorities, 
difficulties securing resources, and lack of collaboration between health 
system leaders and hospital IT[199]. Difficulties related to this domain were 
also found when studying the dashboard project, further described in Paper 
IV. The technical infrastructure in use at the department did not support 
essential features of an LHS infrastructure like the use of PROMs and 
visualizations of progress over time to be used at PoC. Instead, a pilot platform 
was created to support data collection, storage, analysis, and visualizations 
and reports. While this increased the workability of the project in the short 
run, it restricted possibilities to scale-up and spread this LHS-inspired 
approach. Nevertheless, technical infrastructure and data model are essential 
in handling multiple data sources and the multiple purposes of a LHS working 
on different levels simultaneously: “The new predictive, preventive and 
evidence based healthcare will depend in a significant way on the real-time 
availability of information pertaining to an individual or population from a 
diverse set of sources, which can be leveraged with technology”[170, p. 179]. 
Data on all patients, their treatments, and their outcomes serve as the basis for 
analysis, providing new knowledge on what works for whom, when, and 
where, along with knowledge on side-effects, risks, and meaningful ways to 
group individuals regarding characteristics (cohorts)[106,209]. 

Table 8.  
 
Literature on information infrastructure 

Information 
infrastructure 

28 articles and books of Framework/Propositions 
[80,101,148,164,165,170,187–190,202,205–
208,210–222], 19 articles and books on 



 

72 

 

Descriptive insights 
[148,175,187,189,190,196,199,212,213,219,223–
231], 1 on Revised framework or hypothesis 
[199], and 3 on Quantitative [202,211,225]. 

 

5.6.6. Analysis 

Analysis of data in an LHS is central to generating new knowledge and to 
supporting continuous learning and improvement. Furthermore, analysis of 
data in an LHS have been identified to support acceleration of evidence 
generation and precision medicine[187,212,232,233], ultimately providing 
value for end users, whether a patient, clinician, manager, or policy 
maker[187]. Analysis can range from simple descriptive statistics to use of 
advanced neural networks in decision-support applications and data mining to 
support faster learning. Paper I illustrates how Ana can be supported to 
coproduce individualized healthcare adapted to her level of functioning, for 
example, impaired cognitive dysfunction during episodes or stress. 
Knowledge on what works for Ana is strengthened by comparing the results 
of questionnaires over time to monitor progress and track variation to identify 
when things are improving or in decline. Analysis is not restricted to 
treatments and individuals but can also support quality improvement 
initiatives, research, and governance. Paper II shows examples of how 
different types of coproduction of health services (e.g., co-production and co-
design) can use data to develop treatment and the capability of the health 
system to provide even better care for populations. 

The literature provides many examples of useful ways to generate 
knowledge through analysis in an LHS. Here, some of them are mentioned. 
Positive and negative deviance[106,209] methods can help track best practice 
in a system as well as track radical negative changes, for example, using 
statistical process control (SPC), as in the case of ICN, showing when changes 
in outcomes are statistically significant through control charts[6]. The use of 
SPC can help track changes supporting QI and research. Cohort identification 
(of digital cohorts)[209] is used to identify groups of patients and prognostics 
for different conditions and treatments (symptom reduction, side-effects, etc.) 
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Surveillance systems can track epidemiological phenomena and monitor 
adverse events in real time[106]. Analysis as part of comparative effectiveness 
research (CER), which is a naturalistic and quasi-experimental study design 
comparing effectiveness between groups, is another example. An analysis 
inspired by CER was used in Paper IV to compare outcomes of patients using 
the dashboard at follow-ups with a similar group of patients who did not have 
access to the visualizations of the dashboard to support assessment and 
planning. All treatments where performance and outcome measures are used 
can potentially be included in CER studies in a more cost-effective way than 
RCTs (i.e., lower costs and faster results). CERs also makes it possible to 
include groups that often are excluded from RCTs[106]. Data that enable CER 
studies can also be used to evaluate the clinical validity of PROMs as in the 
case with the department’s WHODAS-2.0 (Paper III). 
 

Table 9.  
 
Literature on analysis in LHSs. 

Analysis 25 articles and books of Framework/Propositions 
[80,148,152,170,185,187,190,191,193,195,204,2
09,212–214,232–241],13 articles on Descriptive 
insights 
[106,148,187,190,199,212,213,229,237,238,242–
244], 1 on Revised framework or hypothesis 
[199],and 4 on Quantitative [75,149,245,246]. 

 

5.6.7. Applications and interfaces 

Analysis can provide new knowledge on what works, for whom, when, and 
where on all levels of an LHS, from the individual patient in treatment to the 
whole healthcare system. An LHS builds on the idea that clinicians and 
patients coproduce healthcare services[96] and that the right people with the 
right information, with the right technology, in the right way, and at the right 
time are needed to create good health outcomes, value, and 
experiences[89,100]. Feedback on progress and outcomes provide 
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information that can help complete the learning cycles and therefore increase 
the possibilities to learn and improve health and care together. 

Knowledge rendered through analysis needs to be provided to support 
learning and behavior changes adapted to the user. As exemplified in the case 
of Ana (Paper I) and further described in relation to the most comprehensive 
LHS models (Paper II), knowledge provided can support insight, use of shared 
decision making and can prompt action: Have changes occurred? What are the 
risks? What alternatives are there? This is further strengthened by the study of 
the dashboard, the use of PROMs, and user-adapted visualizations at PoC 
(e.g., patients and case managers identify when things were in decline, which 
prompted action). 

Patients with severe mental illness, who might also have cognitive 
deficits, need a simple-to-understand interface or report that makes it clear 
what they and the clinician need to learn as well as information about 
treatment progress and outcome[186]. When analyzing and evaluating the 
dashboard project (Paper IV and V), the domain of users was the least 
complex, indicating that the dashboard-related way of working using PROMs 
and visualizations appeared to be simple and useful. In a team of health 
professionals or in a management team, other things need to be visualized in 
a format that supports insight, prioritization, and decision making (e.g., 
patients at increased risks, availability of beds, and readmissions). Overall, the 
latest knowledge needs to be provided, preferably in real time, adapted to the 
receiver, whether patient or other[171], to support optimal evidence-based 
decision making[170]. 
 

Table 10.  
 
Literature on applications and interfaces in LHSs 

Applications and 
interfaces 

10 articles and books of Framework/Propositions 
[102,147,157,164,167,171,184,204,247], 8 on 
Descriptive insights 
[102,106,157,171,179,199,224,248],1 Revised 
framework or hypothesis [199], and 1 
Quantitative [245]. 
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6.  Discussion 

Improving health with and for individuals with schizophrenia is fraught with 
challenges. The cost of healthcare is known although there are many essential 
unknowns, e.g. health outcomes for individuals and the system overall. The 
starting point of this thesis was the lack of a useful theory-in-use and easy and 
useful ways for patients and healthcare professionals to plan, evaluate, and 
navigate towards better health in coproduction. This was addressed both in 
theory, assessing and summarizing knowledge of LHS, and in practice, 
studying the use and usefulness of a dashboard at the department.  The overall 
aim of this thesis was to enhance the understanding of the applicability of the 
LHS vision in the context of schizophrenia care from the perspectives of both 
individuals and the health system for enabling coproduction of better health. 

Ana is unsure if there is anything else that can be done to increase her chances 
of living independently, creating her own life. This all worries her. 

Ana’s desire to strengthen her possibilities to lead a life as before is 
partly related to the idea of an LHS with system properties that have been 
designed with knowledge about the population of patients served.  It can 
provide individualized information to help assess prognosis and risks, a real 
time and real-world evidence base supporting treatment, while also supporting 
coproduction beyond the interaction between patient and provider, in QI 
projects and research.. Health for an individual like Ana is considered to be 
idiosyncratic. This view is in line with the health definition reported by 
Svalastog and colleagues[92], which they characterize as wholeness, 
pragmatism, and individualism. A clinical perspective is not enough if we are 
to support better health as perceived by the individual patient. Instead “what 
matters to you?” might be a more relevant question than “what’s the matter 
with you?” when jointly finding a path forward[249]. Earlier models (e.g., 
CCM and CMT) support individualization and this is further developed in 
relation to the LHS vision. 
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The notion of healthcare as an LHS is primarily a vision, something to aim for 
as presented by the former US Institute of Medicine[1], translated into the 
context of Ana in paper I. The vision has been interpreted in theory and 
practice in many ways around the world. Some of these, assessed to represent 
the most comprehensive LHS theories, models, and frameworks, are described 
in Paper II[250]. The notion that the LHS ideas can be translated in so many 
different ways call for a clarification of what assumptions about LHSs 
essentials have been made in this thesis. These have been modified and 
elaborated upon during the PhD process and aim to support and enable an 
individualized and pragmatic LHS approach true to the proposed original 
characteristics: to support any individual like Ana (Table 11). In summary, an 
LHS approach attempts to systematically improve health with and for 
individuals and populations with schizophrenia by (i) recognizing the system 
as a CAS, (ii) acting in coproduction, (iii) using supportive technologies to 
(iv) establish goal-aligned learning cycles on multiple levels of the system, 
and (v) using outcome measures to navigate and learn what works for whom, 
when, and where, further elaborated on in the next section (RQ1), followed by 
a discussion of RQ2. 

6.1. How can improvement of health for individuals 
with schizophrenia and improvement of system 
performance be supported by coproduction in 
an LHS model? (RQ1) 

This section reports and discusses the reviewing and exploration of LHS 
literature and applications with a potential to improve health in and support of 
coproduction of schizophrenia care. The discussion departs from the five 
essentials of LHS depicted in Table 11 and Figure 13 and serve as a basis 
when understanding LHSs in theory and in practice. 

(i) Recognizing the system as a CAS 

The initial LHS vision takes complexity into account, assuming that 
some parts of illnesses, execution of effective treatments, organizing, and 
managing cannot be described in relation to improved health in simple or even 
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complicated “cause and effect maps”. Instead, the common goal–i.e., to 
improve health for individuals and populations–is a moving target in an ever-
changing environment that requires tools and ways of working that can help 
guide progress in the right direction. Therefore, an LHS for schizophrenia 
needs to address challenges in a CAS. Schizophrenia care and development is 
highly complex[72]. For example, The assessment of the complexity of the 
development and deployment of the dashboard showed that the domains 
related to the illness, the organization, and the wider (political) system are 
complex (Paper V). Recognizing that the system has properties in line with 
CAS can help guide efforts that promote change. Central in making use of the 
CAS characteristics is building on the fact that systems are made of 
individuals (“agents”) who are both actors and information processors who 
self-organize around a core driver and modify their behavior (learn) when 
provided feedback.  

If we want to improve the outcome, we need to provide useful 
feedback to individuals whose behaviors are related to the desired outcome of 
the system (better health)[23]. The stakeholders whose behaviors are most 
tightly related to the outcome are the patients, their next-of-kin, and healthcare 
professionals at the PoC in the microsystems. Providing ways to plan and 
evaluate care jointly and continuously for individual patients and their 
microsystem can help support progress towards better health and provide 
information on what works for whom, when, and where. This was developed 
and tested locally at the department by providing patients and healthcare 
professionals with, for example, simple ways to use questionnaires, jointly 
monitoring progress on a dashboard, celebrating improvements, and swiftly 
acting when health is in decline. This is further addressed in the discussions 
about RQ2. Analysis of collected data not only proved useful for 
understanding how the use of the dashboard could support coproduction 
(Paper IV) but also proved useful for developing ways to support quality 
improvement projects, management, and research initiatives to enable more 
efficient healthcare for both individuals and populations. A “top-down”, 
linear, command and control approach has limited potential to succeed in 
complex contexts, while an approach that builds on CAS principles increases 
the possibilities of guiding development towards improvement[23,51,52]. 
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(ii) Taking action in coproduction 

An LHS for schizophrenia emphasizes joint work and participatory 
action in coproduction. This interactivity is another aspect of CASs related to 
how the notion of an LHS was translated in the work moving towards an LHS 
locally. Individuals learn and modify how they handle tricky situations in 
interaction, not only by getting feedback but also by communicating, 
preferably reciprocally. Paper I explored this possibility through the persona 
Ana and several scenarios related to schizophrenia care. Coproduction refers 
not only to the patient-provider interaction but also to the joint value-creation 
of all potential stakeholders striving towards the same goal–i.e., better health 
for individuals (Paper II). Therefore, an LHS could be seen as something that 
is to be developed, optimally across organizations, mobilizing many kinds of 
knowledge, perspectives, and resources in moving towards better health for 
both individuals and populations. 

(iii) Using supportive technologies (to establish goal-aligned learning cycles)  

An LHS for schizophrenia makes use of technologies to facilitate data 
collection, analysis, and individualized feedback to support users, whether 
individuals with cognitive deficits or managers and researchers in 
coproduction of healthcare. Technology can be used to enhance possibilities 
to navigate in CASs, for example, by supporting distributed leadership, self-
organization, and feedback as well as supporting coproduction (Paper II). 
According to Osborne[97], the role of technology in supporting coproduction 
has rarely been studied. Paper II proposes that an LHS can support 
coproduction at scale, by learning from earlier initiatives such as LHS 
initiatives at the Dartmouth Institute[186]. The joint navigation towards better 
health for individuals and populations in LHSs supported by technology was 
further explored in Paper II[250], for example, by the use of PROMs and joint 
data visualizations to be used at PoC. 

(iv) Establishing goal-aligned learning cycles on multiple levels of the system 
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An LHS for schizophrenia supports learning through continuous 
PDSA-like cycles that make use of data to understand what works to support 
improvement, a central theme in LHS. This is emphasized in the LHS models 
discussed in Paper II[250], the Dartmouth coproduction LHS model, and the 
Michigan Learning Cycle LHS model. 

(v) Using outcome measures to navigate and learn what works for whom, 
when, and where 

An LHS for schizophrenia makes use of outcome measures, 
preferably patient reported outcome measures (PROMs), and those are 
considered essential in supporting navigation towards better health or “what 
matters to me” as a patient. Here, health can optimally be operationalized as 
holistic, pragmatic, and individual to support a meaningful process towards 
what is considered better health for the individual. Paper III is an example of 
how data generated using the dashboard in routine care could be used in 
research to generate knowledge of the clinical validity of the PROM in use. 
   

 

Figure 13. LHS essentials supporting systematic improvement with and for 
individuals and populations with Schizophrenia. 
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Table 11.  
 
Showing the potential for an individual (like Ana) in a healthcare 

system with and without identified essentials, in systematically 

improving health with and for individuals and populations with 

schizophrenia. 

Without LHS essentials With LHS essentials 

➔ No outcome measures are used to 
assess progress 

➔ Lack of systematic learning and 
improvement 

➔ Technology increases workload 
➔ Someone else decides on what to do 
➔ A rigid system aiming for 

standardization rather than 
individualization 

➔ Use of outcome measures guide 
planning 

➔ Supported learning for individuals 
and populations 

➔ Technologies support data 
collection, analysis and insights 

➔ Participation and engagement 
supported 

➔ An agile system aiming for better 
health through individualization and 
connecting resources across 
organizations 

 

6.2. Can an LHS-based intervention, the use of a 
point of care dashboard, contribute to better 
health for individuals with schizophrenia? (RQ2) 

Attempting to make a systematic review of the effects of LHSs, Budrionis and 
Bellicka[197] showed that only a few evaluations manage to provide results 
in terms of patient outcomes and even fewer report cost-efficiency. Using 
systematic reviewing is challenging given that the characteristics of LHSs are 
interpreted and applied differently and most cannot be used in a one-size-fits-
all manner. A review of the LHS literature that focuses on LHS models and 
their applications in practice was performed in collaboration with researchers 
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from the Dartmouth Institute (Paper II). The review of LHS models and 
applications shows that there are no simple or uniform ways to evaluate LHS 
initiatives. 

Three models appear the most useful regarding three properties: (i) 
fidelity to LHS characteristics proposed by the IoM; (ii) LHS characteristics 
applied at several sites around the world; and (iii) positive patient outcomes. 
One of the models is developed and integrated into the ImproveCareNow 
(ICN) initiative, originating at the Cincinnati Childrens’ Hospital, and has 
served as a basis for a national pediatric LHS in the US. ICN has been studied 
from multiple perspectives and excellent clinical results have been 
demonstrated[6,7,98,150,180,199]. The second model, the Coproduction 
Learning Health System Model, was developed at the Dartmouth Institute 
(TDI) in collaboration with the Swedish Rheumatology Quality Registry 
(SRQ)[103]. The third model is the Michigan LHS learning cycle. Features 
emphasized in the study of the LHS models in Paper II that support 
coproduction are related to the use of PROMs, visualizations (e.g., 
dashboards), and ways of working that support joint assessment, planning, and 
evaluation of treatments by patient and healthcare professional(s) at PoC.  

This section reports and discusses both the quantitative and qualitative 
results using the dashboard in schizophrenia care at PoC as well as the clinical 
validity of the PROM in use. Assessment of the project’s complexity revealed 
significant challenges important to be aware of in the formulation of guiding 
principles that support further development in a highly complex context. 

When in use, the dashboard was perceived by healthcare professionals 
to support a joint proactive stance in early detection of sudden negative 
changes as well as recognizing improvements. This represents a 
fundamentally different way of coproducing health compared to the traditional 
way of providing mental health services as represented by the case of our 
persona, Ana: 

Ana, was concerned when having a hard time in knowing to what extent she 
had improved, or if things had gotten worse, regarding her schizophrenia. Just 
filling out questionnaires and trying to answer questions was just not enough. 
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How had she felt last time they talked about her health status, and what was 
different now? 

The PROM in use, WHODAS 2.0, showed significant differences 
between the group of patients that repeatedly had used the dashboard at PoC 
at follow-ups compared to patients who only had filled out questionnaires on 
paper without receiving feedback or any visual support intended to improve 
understanding. The total score, measuring the decrease in level of functioning, 
and the sub-scale for self-care were significantly better than the comparison 
group. This strengthens the idea that patients who coproduce health supported 
by relevant PROMs and visualizations of progress might manage their 
situation better. To what extent individuals with active hallucinations and 
delusions can generate any useful information through using the self-reported 
WHODAS 2.0 has not been studied previously. The analysis of the clinical 
validity of WHODAS data collected at the department concluded that the sum 
score used for measuring general disability showed good reliability 
(Cronbach’s alpha = 0.89), and the construct validity was confirmed as 
patients with more severe symptoms, with comorbidities, in assisted living, 
and older had higher WHODAS 2.0 scores, reflecting more severe disability. 

Due to the multitude of factors affecting the use of the dashboard and 
the progress of patients’ health (level of functioning), this thesis did not aim 
to assess and calculate contributing factors. Instead, I sought to test whether a 
lack of causal relationship could be ruled out by establishing understanding of 
what archetype (according to the Clinical Adoption Meta Model, 
CAMM[136]) is brought into play–i.e., studying the temporal relationship 
between access, use, behavior, and outcome. Increased access, increased use, 
behavior changes, and improved outcomes occur sequentially. This further 
strengthens the notion that an application of an LHS approach by supporting 
patient coproduction at PoC through the use of PROMs and user-adapted 
visualizations can help enable clinically valid improvements. 

Further planning and attempts to scale-up the dashboard project 
across groups of patients and organizational units and departments were 
studied using the NASSS-CAT. The tool was perceived to be useful in helping 
create understanding of complexity and provide perspectives helpful for 
addressing complex matters. Nevertheless, the dashboard project was found 
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to be hard, if not impossible, to scale-up due to the complex nature found in 
several of the NASSS-domains–i.e., the condition or illness, the technology, 
the value proposition, as well as project specific complexity. The only domain 
that was assessed not to be complex was the adopters (i.e., users such as staff, 
patient, and care providers). Feedback sessions with developers and leaders, 
discussions, and continued work addressing the challenges of providing an 
overview to patients led to a new initiative, building on the knowledge 
acquired through the dashboard initiative, which is briefly described in the 
epilogue.  

  
  



 

84 

 

7.  Conclusions and contributions 

This thesis provides an interpretation of what can constitute LHS by providing 
two perspectives. First, it provides an LHS model for schizophrenia that builds 
on knowledge retrieved from the research literature and iterative work done 
in dialogue with LHS researchers and health system leaders. Second, this 
thesis provides new knowledge on if, and how, local applications and testing 
of identified central features of an LHS, could benefit individual patients and 
strengthen systematic continuous improvement of health. The features were 
the use outcome measures (e.g., PROM) and data visualizations (the 
Dashboard) in coproduction between patients and case-managers,  

Many features and functions related to LHS are not new, but are found 
in earlier models supporting coproduction between patients and providers both 
on the level of individuals and supportive system properties, (e.g., Wagner’s 
CCM[28] and the CMT[29]). Coproduction is central in most comprehensive 
LHS models and is supported and enabled by user-adapted technologies in 
sociotechnical systems. Essential domains found in the literature review were 
used to further develop an LHS model for schizophrenia, providing 
knowledge on sought for system properties that, in line with CAS, 
coproduction and various successful LHS implementations can serve as a 
theory on how to further develop schizophrenia care.   

In this thesis, an LHS approach in the form of a dashboard has been 
shown to have the potential to be beneficial both in terms of supporting better 
self-reported health outcomes for patients, using a clinically validated 
WHODAS-2.0 (paper III), and in terms of being perceived as useful by 
clinicians (paper IV). Assessment of the initiative to scale-up the dashboard 
initiative revealed complexity and helped inform how to address complexity 
and how to increase the capacity to handle remaining complexity as described 
in guiding principles (paper V).  

For theory, the key contributions of this thesis are: i) a more elaborate 
LHS model for schizophrenia care that builds on findings from the literature 
review, the case-study and foundational knowledge domains (e.g. CAS and 
improvement science). ii) Emphasis on and clarification of how technologies 
can support coproduction of health services, both for the individual patient as 
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well as system properties that can support different forms of coproduction at 
scale (paper II). 

Key contributions for practice are: i) the necessity to acknowledge 
complexity, making use of CAS knowledge and principles, that can align 
engagement from many different stakeholders and, with the use of supportive 
technologies, coproduce better healthcare (paper I & II). ii) Local 
development projects of LHS applications therefore can benefit from starting 
small and simple and grow iteratively, involving more and more stakeholders 
as things develop rather than being planned on a large scale and executed in a 
linear fashion, irrespectively of contextual variation across organisations.  
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8. Future research 

Spread of LHS is limited[210,251]. Health system leaders report challenges 
when trying to turn existing health systems into LHSs when combining “new” 
LHS-based ways of working with “old” ways of working[155,175] and top-
down and bottom-up approaches to development[252]. System properties 
might play a key role here. While guidelines and best practices might suffice 
in driving change in simple or complicated systems, complex systems require 
ways to continuously navigate and learn in relation to a dynamic context and 
a joint goal. A conflict between new and old ways of working might be related 
to underlying assumptions related to knowledge and how knowledge is 
created (epistemology). Many implementation initiatives and research studies 
are based on a linear and positivistic approaches, assuming that the system 
under study can be understood mechanistically in terms of causes and effects. 
I argue that the original LHS ideas, and later successful implementation of 
LHS approaches, have a different way of viewing and creating knowledge, 
one related to pragmatism more than positivism. If we are to develop health 
systems as LHSs, there is a need to align the underlying grand theories (i.e., 
the assumptions about the world, ontology, knowledge, and epistemology) 
with mid-range theories (e.g., the CCM, CMT, and LHS models), more 
specific program theories, and the design of empirical studies[30]. 

Future research and development related to coproduction of 
schizophrenia care at scale using an LHS approach depends on the interplay 
between better mid-range theories on what constitutes a useful LHS for 
schizophrenia and practical development and testing of LHS applications in 
local contexts, which also include clinical outcomes in co-evaluation with 
patients. Other than being developed in proximity to practical testing of 
applications, LHS models adapted for schizophrenia (and SMI) can benefit 
from collaborations across organizations and between multiple sites. This is 
also the case with development and deployment of LHS applications such as 
the dashboard. Further development can benefit from joint learning in 
coproduction by connecting to local stakeholders and to other sites that 
develop similar sociotechnical applications. 



 

87 

 

                   Continuous learning can be supported by a pragmatic 
approach in the use of complete feedback cycles whether related to treatment, 
development, or research. New insights that can help modify behavior and 
processes can be provided through the use of data and visualizations. Since 
this process is not the sole responsibility of the patient or the healthcare 
system, various forms of coproduction have shown to be promising, for 
example, mobilizing and making use of multi-stakeholder engagement in 
learning networks. I would like to promote two primary areas of future 
research in relation to this thesis.  

First, the study of technology supported coproduction at point of care 
for patients with schizophrenia and other chronic illnesses. What features and 
functionality are useful in promoting patient coproduction of health services 
and better health for individuals? Studies related to this could connect 
initiatives at multiple sites for different chronic conditions increasing 
knowledge of both how and to what extent this is helpful in generating better 
health. 

Second, any mid-range theory is, or should be, a work in progress. 
The proposed model, or any other LHS model, could be used when studying 
different LHS initiatives regarding system properties, multiple forms of 
coproduction at play and effects on health outcomes. This could both help 
develop a more elaborate model as well as jointly navigating towards better 
health outcomes. 
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9. Epilogue 

While writing this thesis, progress has been made that builds on the knowledge 
generated through the local development project and the studies included. In 
aiming for simpler technical solutions (with less dependencies on other 
systems) and working in coproduction between individual patients and their 
microsystem, we, with the help of Paul Batalden and Paul Binfield, came 
across an already developed and evaluated solution: Dialog+[253,254]. 
Dialog+ contains both technology-based visualizations and a methodology to 
coproduce better health at the PoC, supported by PROMs and patient-reported 
experience measures (PREMs). Stefan Priebe and colleagues at NHS East 
London have generously let us build on their work. Both the technology and 
methodology have been translated to fit into the Swedish psychiatric context 
and was tested in 2021 by patients and case managers in psychosis care in 
Gothenburg with positive results. At the time of writing this thesis, we are 
about to expand testing and deployment of Dialog+ across several 
departments, and we conduct and plan for studies to learn how Dialog+ can 
contribute to better health for individuals, not only with psychotic disorders 
like schizophrenia but also for other psychiatric diagnoses, framed by an LHS 
approach. The LHS model proposed in this thesis has been used in the ongoing 
work to develop LHS capabilities across the five psychiatric departments. The 
process has partially been described by Colldén and Hellström in a recently 
published article[252]. 

 On a national level, in Sweden, a knowledge management approach, 
partly inspired by LHS-like healthcare systems, is taking shape. There is still, 
though, a lack of a trustworthy mid-range theory that can guide development 
and useful PROMs to evaluate progress in the national knowledge 
management work related to schizophrenia and psychotic disorders. The 
knowledge generated in this thesis can hopefully contribute to future 
development and research for the benefit of individuals like Ana. 
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Improving Health with and for Individuals with 
Schizophrenia Using a Learning Health System 
Approach

– from idea to daily practice

Psychotic disorders like schizophrenia have a typical onset in early adulthood with symptoms 
of hallucinations and disturbances of thought. Despite knowledge on what constitutes 
effective schizophrenia care, more than 70% of treatment attempts fail in Sweden, 
sometimes leading to early death. An appraisal of schizophrenia care shows a lack of ways 
to jointly plan and evaluate care, and an absence of a trustworthy theory-of-change. The 
Learning Health System (LHS) is a vision that has been translated into theories and models 
associated with improved outcomes for patients with other chronic conditions. The aim of 
this thesis is to enhance the understanding of the applicability of the LHS vision in the context 
of schizophrenia care, from the perspectives of both individuals and the health system in 
enabling coproduction of better health by addressing two research questions: 

i) How can improvement of health for individuals with schizophrenia and improvement of 
system performance be supported by coproduction in an LHS model?
ii) Can an LHS-based intervention, i.e. the use of a point of care dashboard, contribute to 
better health for individuals with schizophrenia?

Studying the existing published knowledge of LHS show that the concept has not yet been 
applied in mental healthcare settings but has potential to increase patient coproduction, 
continuous improvement and better health. Different forms of coproduction are supported 
in the most comprehensive LHS models and applications, ranging from dashboards at point 
of care to platforms that can help facilitate improvement initiatives. 

A case study, focused on studying the use and usefulness of a point-of-care dashboard at 
patient visits in outpatient care at the Department of Schizophrenia Spectrum Disorders at 
Sahlgrenska University Hospital in western Sweden. Use of the dashboard is associated with 
improved communication and health for patients. Assessment of the dashboard-project’s 
complexity using the Non-adoption, abandonment, scale-up, spread and sustainability 
complexity assessment tool (NASSS-CAT) was perceived as helpful in evaluating challenges 
and provided insight that can guide future development. An LHS model, that builds on both 
the reviewing of the literature and practical testing, is proposed. 

Further research is proposed in two areas, exploration of how dashboard initiatives can 
support coproduction and better health for individuals with complex chronic conditions and 
further development of LHS models by studying different LHS initiatives regarding system 
properties, forms of coproduction at play and effects on health outcomes for individuals and 
populations.


