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This study describes a group model building exercise that aims to develop a deeper un-
derstanding of the dynamic complexity of chronic disease care delivery within a primary
care setting in Singapore, leveraging on the insights of stakeholders with personal and in-
stitutional knowledge of the health care system. A group model building exercise, which
included 50 stakeholders, was used to develop the qualitative model. The qualitative
model helped to bring a feedback perspective to understanding the dynamic complexity
of chronic disease care delivery. The feedback perspective helped in identifying the sys-
temic issues within chronic disease care delivery, which has the potential to inform
system-wide interventions and policies to improve health. Enhancing chronic care in
Singapore will require an enhancement of both the capacity and capability of the primary
care sector. © 2018 John Wiley & Sons, Ltd.
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INTRODUCTION

Singapore, like many other countries, is aging
rapidly. The resident population aged 65 years

and older, currently standing at 460 000 or
11.8% of the total resident population, has risen
64.4% over the last 10 years (Singapore Depart-
ment of Statistics, 2015; Singapore Department
of Statistics, 2016). Furthermore, this number is
projected to reach 900 000 in the year 2030 (Na-
tional Population and Talent Division, 2012).
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Accompanying this demographic shift is a grow-
ing number of people with illnesses requiring
chronic care, particularly those with multiple
and complex conditions. The prevalence of dia-
betes mellitus alone stood at 11.3% in 2010, up
from only 9% in 1998 (Ministry of Health,
2015a). Such conditions, if inadequately man-
aged, can become complex as complications
manifest. Consequently, demand for costly health
services such as specialist outpatient clinic (SOC)
visits and emergency department (ED) care in-
creases. As a result, the acute hospitals and spe-
cialist services that have been the focus of a
health system designed for a younger population
needing episodic and disease-oriented care have
been showing signs of systemic stress (Ministry
of Health, 2012). This is evident in the high bed
occupancy rates in acute hospitals (Lam, 2014,
Ministry of Health, 2016a), overburdened SOCs
(Ministry of Health, 2001), increasing ED utiliza-
tion (Anantharaman, 2008, Schoenenberger
et al., 2016), long waiting times for admission to
acute hospital wards (Ministry of Health, 2016b)
and workforce shortages (Kang and Leong,
2012, Ministry of Health, 2012). Hospital admis-
sions due to diabetes, for instance, are much
higher in Singapore (432 per 100 000 population)
than in countries such as the United Kingdom
(64) or the United States (149) (OECD, 2016). It
is becoming evident to clinical and public policy
leaders that change is needed in outpatient ser-
vices for a new demographic reality.

To adapt to the evolving needs of a population
with chronic diseases, many countries have been
reassessing their health care system to focus on
chronic disease care (World Health Organization,
2002). This is also the case in Singapore; currently,
although the private general practitioner (GP)
clinics see the bulk of primary care attendees
(81%), there is an apparent imbalance in chronic
disease care delivery between the private and
public sectors. With 80% of the primary care ca-
pacity—number of GPs—the private GPs see
55% of patients with chronic diseases and the re-
maining 45% are seen by the public polyclinics,
with 20% capacity (Sng, 2010). This imbalance is
attributed to the health care financing model in
Singapore that encourages the transition to pub-
lic services as needs become more complex

(Lam, 2013). In response to these observations,
significant initiatives have been undertaken in re-
cent years to strengthen the primary care sector
in providing care for patients with complex
chronic diseases. Innovative care models such as
family medicine clinics and community health
centres have been piloted to assess their likely
impact on the uptake of private GP services by
chronic disease patients (Ministry of Health,
2015b).

Thus, with appreciation of the dynamic com-
plexity of chronic disease care delivery (Siokou
et al., 2014), there is a growing need to under-
stand the systemic causes of the current chronic
disease care delivery trends. This is important be-
cause system-level interventions are likely to be
expensive, may have unintended consequences
and are potentially difficult to unwind once put
in place; hence, it is prudent to understand the
systemic causes and dynamics of such interven-
tions before implementing them. To date, most
research on chronic disease care delivery has
been constrained by linear models. Group model
building (GMB) is a participatory approach that
is widely used to build capacity of stakeholders
to address complex problems (Siokou et al.,
2014). GMB, which uses systems science method-
ology of System Dynamics as a foundation, has a
unique advantage for studying chronic disease
care delivery in comparison with traditional ana-
lytic approaches: it focuses on complex dynamic
interactions between different parts of the system
and offers a framework for interdisciplinary and
transdisciplinary approaches to address complex
problems. In this paper, we present a qualitative
system dynamics model of chronic disease care
delivery developed in a GMB setting. This quali-
tative system dynamics model builds upon prior
efforts to model chronic disease care delivery
(Hirsch and Homer, 2004, Homer et al., 2007,
Loyo et al., 2013).

Application of Group Model Building

Chronic disease care delivery is characterized by
both detail complexity and dynamic complexity.
The former refers to the complexity due to
multiple stakeholders within the system—
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policymakers, providers, patients, funders and
educators—each with disparate interests (Senge,
1990, Ellis, 2010, Homa et al., 2015). The latter re-
fers to complexity arising from interactions
among the stakeholders, made more pertinent
due to the public and private division, together
with multiple payers in the system (Sterman,
2001). In order to gain a thorough understanding
of the complexities of chronic disease care in the
primary care system, various stakeholders have
to be engaged simultaneously so that different
perspectives can be consolidated in a single over-
arching framework. It is also important that the
conversation is not dominated by a single view
and that all stakeholders can participate in the
conversation as well as share their knowledge
and perspective freely. This is particularly impor-
tant because it is often intuitive to reduce com-
plex problems into smaller, isolated components
and explore them in detail. This may be
counter-effective in understanding the system as
a whole as it neglects the emergent behavior of
its multiple interacting parts.
The use of a qualitative system dynamics ap-

proach in a GMB setting has been found to be a
useful approach in engaging different stake-
holders in developing a deeper understanding
of difficult and complex problems (Vennix,
1996). Such problems may be difficult because
they are complicated and involve many moving
parts and details, or complex because they in-
volve many potential interactions and explana-
tory pathways (Hovmand, 2014). GMB refers to
a bundle of techniques used to develop systems
models, working directly with stakeholder
groups, to gain a whole systems perspective.
Models developed with stakeholders are then
used as an explicit representation of the cause-
and-effect relationships that result in desirable
outcomes to gain a comprehensive insight of the
complexity (Richardson et al., 2007). Engaging
stakeholders in GMB ensures that issues and in-
sights into a problem can be captured and repre-
sented in a coherent and comprehensive
framework to increase the understanding of a
system as a whole (Forrester, 1961, Sterman,
2000, Homer and Hirsch, 2006, Scott et al., 2016).
In addition, the resultant model may be used as
a boundary object—that is, a representation of

the problem that serves to facilitate further dis-
cussion among other stakeholders, bringing
about a comprehensive whole systems perspec-
tive (Wenger, 1998). Moreover, GMB could be
considered as a potential system intervention as
stakeholders develop new insights.

Although GMB is an underutilized methodol-
ogy in health care research, a plethora of aca-
demic literature supports its value for engaging
stakeholders in framing and addressing complex
dynamic policy questions. Vennix and Gubbels
(1992) used the GMB method to develop a con-
ceptual model to investigate the gradual but per-
sistent rise in health care costs in a regional Dutch
health care system. Homa et al. (2015) employed
a participatory GMB process involving patients,
caregivers and primary care clinicians to investi-
gate the mechanisms that might account for the
effect of primary care beyond disease-specific
care. Another study used an agent-based com-
puter simulation model developed with GMB to
test plausible hypotheses about the primary care
system (Homa et al., 2015). Similarly, Allender
and colleagues (2015) used GMB to develop a
causal loop diagram of the systemic causes of
childhood obesity, to facilitate planning of obe-
sity prevention responses.

METHODS

Figure 1 shows the stakeholder engagement pro-
cess. First, 75 stakeholders with deeply personal
and institutional knowledge of chronic disease
care delivery within the primary care sector in
Singapore were identified by the Health Services
and Systems Research Department, Duke-
National University of Singapore and primary
care experts in the Singapore General Hospital
health cluster, to work with researchers in devel-
oping a deeper understanding of the complex dy-
namics of chronic disease care delivery and
identifying leverage points to plan interventions
(Forrester, 1961, Sterman, 2000, Homer and
Hirsch, 2006, Scott et al., 2016). Fifty stakeholders
responded to the invitation and participated,
they included private GPs (4), polyclinic doctors
(3), and medical educators (5), representatives
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from hospitals (15) and ministries (3) as well as
academic health services researchers (20).

Following consent from stakeholders, a 2-day
roundtable workshop was organized. For the first
day, 11 presentations covering a wide range of ex-
perience on enhanced primary and chronic dis-
ease care in the United States, United Kingdom
and Singapore were shared by the presenters,
each followed by a comprehensive discussion.
Based on the presentations and discussions, a pre-
liminary qualitative conceptual model was devel-
oped by an experienced GMB practitioner as a
concept model for the stakeholder discussion for
day two. On the second day of the workshop,
the concept model was presented to the stake-
holders for deliberation. A team composing of fa-
cilitators, modellers, recorders and reflectors
facilitated the discussion process, through which
the stakeholders deliberated on the preliminary
concept model to negotiate differences in the
problem conceptualization, model assumptions
and structure. After an initial discussion, the
stakeholders were divided into four groups to de-
liberate on three questions: (i) what are the op-
tions for models of enhanced primary care in

Singapore?, (ii) what are the desired scenarios
for enhanced primary care in Singapore? and
(iii) how can the desired scenarios be imple-
mented in Singapore? All four groups identified
various aspects of enhanced primary care in
Singapore from the perspectives of patients, pro-
viders and the government. The group discus-
sions ranged from the role of patient satisfaction
and engagement, changes in the model of pri-
mary care delivery in relation to changes in tech-
nology and the quality and extent of services, to
the expectations of the public and the perceived
value of enhanced primary care services. Each
group then captured their insights in a qualitative
system dynamics model. The models were then
presented to all the participants and examined
in an often highly animated plenary discussion.
Each group focused on specific areas of interest.
Of particular importance in the discussion was
the role of incentives and choices, both among
the patients seeking care from different providers
and the GPs focusing on specific areas of practice
(e.g. simple episodic care vs. chronic care vs. aes-
thetics) and pursuing additional training or join-
ing a group practice.

Figure 1 Workflow of model development. [Colour figure can be viewed at wileyonlinelibrary.com]
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After the 2-day roundtable workshop, the re-
searchers merged all the qualitative models pro-
duced. Supported by evidence from the literature
(Table A1), the merged model (Figure 6) was re-
fined in an iterative process that involved send-
ing the merged model to stakeholders for
comments until the model was able to satisfy re-
quirements concerning its realism and clarity,
and its ability to capture important issues relat-
ing to the model’s purpose of capturing the dy-
namics of chronic care in Singapore. The process
of establishing model realism and clarity used
the Categories of Legitimate Reservation rules
(Noreen et al., 1995; Dettmer, 1997). The Catego-
ries of Legitimate Reservation constitutes a
framework of eight specific tests, or proofs, used
to verify cause and effect logic. They are clarity,
entity existence, causality existence, cause insuffi-
ciency, additional cause, cause–effect reversal,
predicted effect existence and tautology. In addi-
tion, an extensive literature review was con-
ducted to find evidence to support the
hypothesized links in the model.

Qualitative Model of Chronic Disease Care
Delivery

The chronic disease care delivery model is a qual-
itative system dynamics model with stocks, flows
and feedback loops describing the interactions
between different components of the system.
The model consists of five interrelated parts: pop-
ulation health, health care cost, provider work
life, patient experience, and GP networks and re-
lationships. Because the model structure for each
venue of care (GP clinics, Polyclinics and SOCs)
were similar, they are not specifically represented
in the model to avoid repetition and to improve
readability. In the model, stocks (rectangular
boxes) represent accumulation and characterize
the state of the system. Flows (the double lines
with a valve) illustrate the rate of change of
stocks and are controlled by valves that regulate
flows, whereas arrows are the connectors or
causal links. Arrows indicate the direction of a
causal relationship, positive (‘+’) and negative
(‘�’) signs show the polarity of relationships. A
positive relationship implies that an increase in

the cause variable will result in an increase in
the effect variable, all things being equal. A nega-
tive relationship indicates that an increase in the
cause variable will result in a decrease in the effect
variable, all things being equal. A set of parallel
lines over an arrow signifies a significant time
lag between cause and effect variables
(Schoenenberger et al., 2016). This model builds
upon prior quantitative system dynamics models
for chronic disease care. Hirsch and Homer
(2004) used a system dynamics model to study
the dynamics of health care services for improv-
ing chronic illness management. Homer et al.
(2007) used the same methodology to understand
the upstream and downstream impacts of chronic
illness interventions. Loyo et al. (2013) used a sys-
tem dynamics model to study how to align com-
munity action to address chronic disease risks.

Population Health

The population health sector in Figure 2 shows
the segmentation of the population (Lynn et al.,
2007) into four health states: (i) healthy; (ii)
chronic asymptomatic; (iii) chronic stable but
moderately/seriously symptomatic and (iv)
chronic with serious exacerbation. The healthy
segment of the population does not have known
risk factors or chronic diseases, whereas the
chronic asymptomatic segment has one or more
chronic diseases but no symptoms that would
themselves lead to care seeking. Those in the
chronic symptomatic segment have symptomatic
chronic conditions not requiring frequent acute
care, which is operationally defined as three or
more ED or acute hospital visits in 6 months, or
requiring care by more than one outpatient
provider. Lastly, patients with limited reserve
and serious exacerbations are those with
chronic diseases resulting in complications and
frequent admissions to hospitals. Population seg-
mentation into health states has been found to fa-
cilitate service delivery and planning of care
resources (Lynn et al., 2007). The transition from
one health state to another (for both progression
and regression of complications of chronic dis-
eases) has been found to be different across health
states (Denton and Spencer, 2015) and is affected
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by the quality of chronic disease care (Derose and
Petitti, 2003). Thus, the quality of care produced
by the health care system influences population
health (the number of individuals in each health
state) and the probability of transitioning be-
tween states. For the purpose of this model, qual-
ity of care for individuals in a particular segment
is assumed to vary across care venues (GPs, Poly-
clinics and SOCs). For instance, chronic asymp-
tomatic patients would be best treated at
enhanced primary care venues, followed by poly-
clinics. Chronic stable patients will receive the ap-
propriate care they need at enhanced primary
care venues and SOCs instead of polyclinics and
private GPs. Patients with chronic diseases with
serious exacerbations are best treated in SOCs,
followed by enhanced primary care.

Health Care Cost

By providing the adequate care that each seg-
ment of the population requires, the total cost of

care (Figure 3) is expected to decrease as positive
health outcomes are generated. It is important to
understand that health care cost may increase in
the short to medium term—as improved or—in
some cases—more care is provided. However,
over time, health care cost is expected to decrease
as population health improves, leading to less
cost relative to what it would have been.

Patient Experience

The patient experience sector (Figure 4) captures
the dynamics of the factors influencing patient
experience across care venues, which in turn af-
fects their care seeking behavior. Change in pa-
tient satisfaction with care is influenced by
waiting time for care (Anderson et al., 2007), qual-
ity of the doctor–patient relationship (Williams
et al., 1998) and perceived quality of care by pa-
tients (Alrubaiee and Alkaa’ida, 2011). Waiting
time for care is influenced by the number of

Figure 2 Population health sector. [Colour figure can be viewed at wileyonlinelibrary.com]
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doctors available to provide chronic care and de-
mand for chronic care by patients (Murray, 2007).
The length of consultation (Howie et al., 1991)
and frequency of seeing the same doctor
(Hjortdahl and Lærum, 1992) are the factors that
influence the doctor–patient relationship. The fre-
quency of seeing the same doctor is determined
by a visit-to-doctor ratio. Within the Singapore
health care system, the frequency of seeing the
same doctor is assumed to be high for single
practice GPs, intermediate for group practice
GPs and SOCs, and low for polyclinics. Thus,
the length of consultation is determined by pa-
tient visits and number of doctors available to
provide care. Perceived quality of care is as-
sumed to be delayed relative to the actual quality

of care, due to the time it takes for patients to ob-
serve a change in the quality of care.

The feedback loop B1 depicts how attractive-
ness of care venue translates into a high number
of patient visits, which then contributes to poor
patient satisfaction in the form of long waiting
times for patients seeking care. In contrast, good
patient satisfaction coupled with favourable
out-of-pocket cost contributes to the attractive-
ness of care venues (Kulu-Glasgow et al., 1998,
Himmel et al., 2000, Sloan and Kasper, 2008),
which could lead to increased patient visits
(Zastowny et al., 1989) and longer waiting times,
which in turn, deplete patient satisfaction if with-
out concurrent increase in capacity (the number
of doctors available to provide care).

Figure 3 Adding health care cost sector. [Colour figure can be viewed at wileyonlinelibrary.com]
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Provider Work Life

The provider work life sector (Figure 4) depicts
factors that influence the workload of care pro-
viders, which can affect their preference for the
provision of certain types of care and also affect
patient experience. The feedback loop B2 shows
how the length of consultation affects the
doctor–patient relationship and patient satisfac-
tion. While patient visits increase as a result of
high patient satisfaction, length of consultation
is assumed to decrease to accommodate the in-
creased patient volume; consequently, relation-
ship building between patient and the doctor is
affected (Campbell et al., 2001b, Mandel et al.,
2003) due to the limited time a patient spends

with a doctor, which in turn, reduces patient
satisfaction.

Feedback loop B3 describes how the frequency
of seeing the same doctor for chronic care impacts
the doctor–patient relationship. As depicted in
feedback loop B3, an increase in patient visits,
all else being equal, will cause the visit-to-doctor
ratio to increase, which in turn, will reduce the
probability that a patient will always be seen by
the same doctor for his or her chronic disease
care. The use of multiple doctors for chronic
disease care has been shown to reduce the quality
of the doctor–patient relationship (Margolius and
Bodenheimer, 2010) and patient satisfaction (Fan
et al., 2005), which will consequently deplete
attractiveness and reduce patient visits.

Figure 4 Adding patient experience and provider work life sectors. [Colour figure can be viewed at wileyonlinelibrary.com]

RESEARCH PAPER Syst. Res

© 2018 John Wiley & Sons, Ltd. Syst. Res 35, 759–775 (2018)
DOI: 10.1002/sres.2517

766 John P. Ansah et al.

http://wileyonlinelibrary.com


Feedback loop B4 portrays how the quality of
care is affected by the length of consultation. As
the number of patient visits increases, the length
of consultation decreases, because doctors will
reduce the time spent with an individual patient
in order to manage their patient load. Evidence
(Campbell et al., 2001a) suggests that as the
length of consultation decreases, fewer of the
needs of patients with chronic diseases can be ad-
dressed during a visit, which impacts the quality
of care. In addition, integration of chronic care
services among various providers and capability
of care providers influence the quality of care
(Howie et al., 1991, Kiran et al., 2015). As the qual-
ity of care increases, patient satisfaction, the at-
tractiveness of venue and patient visits are
expected to increase (which will, in turn, reduce
the length of consultation). It must be noted that
the dynamics in this sector is similar for all
venues of care (GPs, polyclinics and SOCs).

General Practitioner Networks and
Relationships

The GP networks and relationships sector
(Figure 5) captures the dynamic interactions of
three determinants of the quality of care for pa-
tients with chronic diseases seeking care at a GP
clinic: (i) trust between public and private practi-
tioners (Mur-Veeman et al., 2003), (ii) the fraction
of GPs well trained to care for patients with com-
plex chronic diseases (e.g. GPs with training in
family medicine) (Jackson et al., 2010) and (iii)
the fraction of GPs in a network (group practice)
(Mehrotra et al., 2006). These factors are impor-
tant within the Singapore context because it is
generally believed that many GPs in Singapore
are not sufficiently trained in chronic care provi-
sion. Moreover, the majority of GPs work in
single practice with a little support system to pro-
vide care for individuals with chronic diseases.
As a consequence, specialists do not have much
confidence that GPs have the resources to
manage complex patients, which then reduces
their willingness to refer patients back to GPs,
allowing these patients to accumulate in the
SOCs.

Trust between GPs and SOCs is influenced by
integration of care between GPs and SOCs (i.e.
joint responsibility and coordination of care)
and the perception specialists have of GPs’ capa-
bilities in providing chronic care. Integration of
care is assumed to increase as a consequence of
the trust between GPs and SOCs, while the per-
ception specialists have of GPs’ capabilities is in-
fluenced by the quality of chronic care provided
by GPs. The fraction of GPs in a network (group
practice) is influenced by the income differential
between the group and single practice GPs and
the capabilities of group practice relative to single
practice (such as availability of nurses, facilities
and equipment to support care provision). As
the proportion of GPs in group practices rises,
the possibility of further training to improve
practice (such as training for registration in Fam-
ily Medicine) increases because salaried GPs in a
group practice will not face the loss of income
and will not need to hire temporary physicians
if they take time out to train.

Feedback loop R1 describes how trust between
GPs and SOCs contributes to the quality of care.
Improvement in trust between GPs and SOCs in-
creases integration of care, which contributes to
the quality of care. This, in turn, creates among
specialists a positive perception of GPs’ capabil-
ity in providing chronic care, thus further rein-
forcing the trust between them. Feedback loop
R2 depicts a simple relationship of trust building
and integration of care. As trust between GPs
and SOCs increases, integration of care between
GPs and SOCs is expected to rise (Thorsen et al.,
2012), as more patients are referred between
these providers to encourage ‘right-siting’ of pa-
tients (the provision of care at the most efficient
setting) (Gandhi et al., 2000, Manca et al., 2011),
which further reinforces trust building. Feedback
loop R3 depicts the dynamics of GP group prac-
tice development. Reinforcing loop R3
postulates that as the fraction of GPs in group
practice increases, the attractiveness of a
group practice (ability to expand the practice,
favourable income differential and opportunity
for further training) will increase, further
increasing the number of GPs joining group prac-
tices. See Table 1 for the full list of the feedback
loops in the chronic disease care delivery model.
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Figure 5 Adding general practitioner networks and relationships sector. [Colour figure can be viewed at wileyonlinelibrary.com]

Table 1 Feedback loops

Loop Variables

B1 Attractiveness of venue→ visits→ waiting time→ change in
patient satisfaction→ patient satisfaction→ attractiveness of venue

B2 Length of consultation→ building relationship→ doctor–patient
relationship→ change in patient satisfaction→ patient satisfaction→ attractiveness
of venue→ visits→ length of consultation

B3 Frequency of seeing same doctor→ building of relationship→ doctor–patient
relationship→ change in patient satisfaction→ patient satisfaction→ attractiveness
of venue→ visits→ visits-to-doctor ratio→ frequency of seeing same doctor

B4 Visits→ length of consultation→ quality of care across venues→ perceived quality
of care→ change in patient satisfaction→ patient satisfaction→ attractiveness of
venue→ visits

R1 Trust between SOCs and GPs→ integration of care between SOCs and GPs→ quality
of care across venues→ perception specialists have of GPs capabilities→ developing
trust→ trust between SOCs and GPs

R2 Trust between SOCs and GPs→ integration of care between SOCs and GPs→ good
experience with GPs and SOCs doctors→ developing trust→ trust between SOCs
and GPs

R3 Fraction of GPs in network→ attractiveness of clinical networks→ change in
network fraction→ fraction of GPs in network

GP, general practitioner; SOC, specialist outpatient clinic.
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Suggested Policies

Extensive discussion with stakeholders led to the
identification of five important areas of interven-
tion to improve chronic disease care delivery in
Singapore (Figure 6). The stakeholders articu-
lated the need for targeted policies to (i) improve
the capabilities of GPs to provide chronic disease
care, (ii) to ensure care continuity for chronic dis-
ease patients, (iii) to increase the use of GP ser-
vices for chronic disease care, (iv) to reduce the
workload of polyclinic doctors to improve care
and (v) to support GP group practice.
A policy that makes it mandatory for all new

GPs in Singapore to receive additional training
in family medicine before they are allowed to
practice as GPs was suggested to increase the

capabilities of GPs to provide adequate chronic
care. Other policies such as patient empanelment
and capitation/bundle payment was suggested
to ensure continuity of care for chronic disease
patients. It was argued that these policies—pa-
tient empanelment and capitation/bundle pay-
ment—have the potential to increase the use of
GP services by chronic disease patients and en-
sure continuity of care, given the available capac-
ity and capability of GPs. The stakeholders were
of the opinion that policies that increase the at-
tractiveness of GP services (i.e. extending subsi-
dies to patients with chronic diseases seeking
care with private GPs as is the case for patients
seeking care at polyclinics) will indirectly reduce
the workload of the polyclinics and improve pa-
tient experience. Lastly, the stakeholders

Figure 6 Adding suggested policies. [Colour figure can be viewed at wileyonlinelibrary.com]
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suggested the need for the government to pro-
vide sustainable community-based services—
such as digital diabetic retinopathy photography,
diabetic foot screening, nurse counselling and ed-
ucation, diabetes services and laboratory services
—to support GP group practice for chronic
disease care.

DISCUSSION

This study describes a GMB exercise that aims to
develop a deeper understanding of the dynamic
complexity of chronic disease care delivery
within a primary care setting in Singapore,
leveraging on the insights of stakeholders with
deeply personal and institutional knowledge.
The qualitative system dynamics model devel-
oped in the GMB exercise helped to bring a feed-
back perspective to understanding the dynamic
complexity of chronic disease care delivery. The
feedback perspective helped in identifying the
systemic issues within chronic disease care
delivery, which has the potential to inform
system-wide interventions and policies to im-
prove health.

Insights generated and captured in the qualita-
tive model are shown in Figure 5. Firstly, mone-
tary incentives were found to have substantial
influences on the uptake and provision of health
services by both patients (out-of-pocket cost)
and providers (price of visit). This insight is cap-
tured by the policy to make GP services more af-
fordable. Most patients seeking chronic care in
Singapore are price sensitive; a venue of care
with lower out-of-pocket costs is deemed more
attractive. Not only is this a consideration for a
patient’s current visit but also for follow-up visits
or referral to specialty care in the future. Referrals
to specialty care from a private GP is usually not
subsidized. In addition, patients are sensitive to
drug prices, which are subsidized in the public
sector. This, together with the walk-in model of
the primary care sector, has led many patients
to seek episodic services (cough and cold) with
private GPs and chronic care in the public poly-
clinics and SOCs. Thus, it is important to under-
stand the types of services required by each
segment of the population in order to provide

adequate and quality care that is financially sus-
tainable for the population.

Secondly, from the providers’ perspective,
some private GPs expressed concerns that many
GPs lack confidence in treating patients with
chronic diseases yet are discouraged from engag-
ing in additional training as the opportunity costs
of training can be high. This insight is illustrated
in the model by the policy to make further train-
ing for GPs more attractive to increase their capa-
bility. Because many GPs work in solo practices,
clinic operations would have to be temporarily
suspended while they attend courses. Although
stand-in doctors may be employed, they are usu-
ally not readily available and incur additional
costs. Further, course fees are borne by the GPs
themselves in the private sector, unlike public
sectors where training may be sponsored. In ad-
dition, lucrative alternatives to providing care to
medically complex patient, such as providing
aesthetic services, are readily available. Hence,
most private GPs are not incentivized to further
develop their skills in chronic disease care.

Thirdly, insights from the discussion suggest
that group practices are becoming attractive to
some of the GPs. This finding is captured by the
policy to make practice in clinical networks more
attractive. Some private GPs have begun to col-
laborate to enhance their capacity and capability
in managing chronic diseases. This allows for re-
source sharing such as nurses, equipment, and
technical expertise and also encourages GPs to
take up training courses. While this service
model is promising in terms of generating posi-
tive health outcomes, its financial viability is yet
to be demonstrated and thus has not gained the
buy-in from most solo private GPs.

Lastly, the strength and relevance of each feed-
back loop and how they impact the care-seeking
behavior of patients across care venues depends
on variables such as patient satisfaction, per-
ceived quality of care, doctor–patient relation-
ship and out-of-pocket costs. Identifying these
variables and their hypothesized causal relation-
ships is an important aspect that this feedback
perspective highlights. As such, the qualitative
model when translated into a quantitative simu-
lation model will allow for the investigation of
the conditions under which the policies to
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improve the care of individuals with chronic dis-
eases are likely to succeed or fail. Quantifying the
model and estimating it empirically would allow
for assessing the relative strengths of different
mechanisms and factors that influence patient
preference of care venue and testing alternative
policy options. Such a model could play a signif-
icant role in informing policy on investment in
care services and regulatory changes.

CONCLUSION

Enhancing chronic care in Singapore will require
enhancing both the capacity and capability of
the primary care sector. While the private sector
has the potential capacity to be mobilized and
has expressed interest in becoming part of the so-
lution, the financial viability of delivering such
care is still a primary concern. A major potential
policy option is to empanel patients in high-risk
segments under contracts (e.g. similar to commis-
sioning done in the UK NHS). This scheme
requires a high level of trust and a good working
relationship between the public and private sec-
tors. It is evident from this exercise that success
will depend on enhancing trust between private
GPs and the public SOCs. In addition, there must
be an enhancement of communication, for exam-
ple, via shared electronic medical records.
As a next step, the research team is developing

a detailed proposal for a quantitative representa-
tion of the qualitative model. After which, the
best estimates of the inputs will be used to popu-
late the model and simulate for generating
insights.
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