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Systems Thinking for Knowledge
Integration: New Models for
Policy-Research Collaboration

Allan Best, William K. Trochim, Jeannie Haggerty,
Gregg Moor and Cameron D. Norman

Systems thinking is attracting great interest in public health as
conceptual orientation to solving complex challenges around healt]
care renewal in developed countries. Our approach is based on the te
that effective systems thinking relies on the development of a trans
disciplinary knowledge base integrating traditional complex adaptive
systems theory with community development, social ecology, social
networks, and public health theory and practice (Best et al. 2003).

This chapter offers three case studies, showcasing concept mapping
and social network analysis, knowledge integration, and multilevel
analysis to compare and contrast primary health care models and
resulting system performance in different contexts.

Case #1: The Initiative for the Study and Implementation
of Systems (ISIS)

The US NCI ISIS project began as a means of exploring whether systems
thinking could serve as a foundation for more effective public health
efforts to combat tobacco use in the face of countervailing forces such
as the tobacco industry. The first two years of ISIS brought together a
transdisciplinary group of thought leaders in system dynamics, network
analysis, knowledge management and informatics, tobacco control,
management sciences, health policy, and several other fields to develop
an action framework. This network of thinkers considered some core
questions: How can the flow in both directions between research and
practice be optimized? How can systems structure and function be
best characterized to be useful to the public health community? In
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at ways can networks be better understood and optimized? In what

ys do information and knowledge become the currency by which
change occurs? The ISIS team concluded that systems thinking in
public health cannot be encompassed by a single discipline or even
a single ‘systems thinking’ approach (for example, system dynamics),
but instead represents a transdisciplinary integration of approaches
to public health which strive to understand and reconcile linear and
non-linear, qualitative and quantitative, and reductionistic and holistic
thinking and methods into a federation of systems thinking and
modeling approaches (Trochim et al. 2007).

The ISIS team also recognized that the complexity of systems thinking
might be dismissed as being too complicated. To the current public
health stakeholder approaching the issue of systems thinking for the
first time, the depth and breadth of systems science can be bewildering.
Just consider a few of the topics associated with the general area of
systems thinking: causal feedback (Sterman 2000); stocks and flows,
open and closed systems (Sterman 2000); centralized, decentralized,
hierarchical, and self-organizing systems (Kauffman 1995; Sterman
2000); non-linear systems and chaos (Strogatz 1994); complex adaptive
systems (Gell-Mann 2003; Waldrop 1992); silo effects (Coté 2002); emer-
gence (Holland 1998); general systems theory (Bertalanffy 1995); cyber-
netics (Francois 2004); computational simulation (Stacey et al. 2000);
decision and game theory (von Neumann and Morgenstern 1944);
system dynamics (Forrester 1997; Richardson 1996; Sterman 2001); evol-
ution, biology, and ecology (Capra 1997, 2002) and set, graph, and
network theory (Strogatz 2003; Watts 2003).

Contemporary public health itself can be quite bewildering. Indeed,
public health can be viewed as a complex adaptive system (Trochim
et al. 2007) of international, national, regional, and local public health
governmental entities, a broad array of non-governmental organiza-
tions and foundations, advocacy and special interest groups, coalitions
and partnerships, for-profit and non-profit medical systems, business
and industry, and the public at large. The broad array of threats to
well being, ranging from obesity and tobacco to bioterrorism and the
threat of epidemics, can also be most aptly portrayed as a complex and
adaptive system. Yet, despite the growing cognizance and support for
‘systems thinking’ in public health, implementation of effective systems
approaches remains challenging (McKelvey 1999; Plsek and Greenhalgh
2001; Plsek and Wilson 2001; Stacey et al. 2000).

In order for the public health community to value systems thinking
as a guiding approach, it must be presented in ways that are practical,
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manageable, and accessible. The ISIS collaborators hoped that by
showcasing systems methods we believed to be particularly promising,
we could break down some of this apprehension and encourage the
applied transdisciplinary work vital to the advancement of public health.

Arecentstudy on challenges of the implementation of systems thinking
in public health (Trochim et al. 2006) used concept mapping methodo-
logy (Trochim 1989) to identify 100 challenges and eight clustered chal-
lenge areas. The authors propose that the eight clusters represent ‘simple
rules’ to managing systems-based public health initiatives that behave
like complex adaptive systems, and that leaders and managers of systems-
based initiatives in public health could use the eight clusters to help guide
the system to overcome the challenges of implementation.

Based on this empirical research into the challenges of systems
thinking in public health, the authors recommended two related
projects that build incrementally toward more refined research that
answers why systems thinking can be so difficult to implement and how
one might be more successful in doing so. The first project addresses
the need for training and development in systems thinking, as well as
clarification as to the construct of systems thinking. It proposes a mixed
method, multivariate statistical methods approach to identify the major
components of a comprehensive systems thinking curriculum for public
health professionals. The second project would investigate and develop
a new systems thinking methodology for understanding and improving
leadership and management of public health systems.

Case #2: knowledge integration: from research to policy
and practice

The second case example draws from an initiative of the National Cancer
Institute of Canada, in collaboration with the US National Cancer Insti-
tute, todevelop a common language and logic for the use of all researchers,
decision makers, and practitionersin cancer control, as they work together
to develop effective national strategies for evidence-based planning,
decision-making, and practice. The environment for cancer research in
Canada is changing in profound ways; there is a greater focus on research-
based programs and services, evaluation and outcome measurement,
interdisciplinary research, and collaboration. Research funding organiza-
tions, like the National Cancer Institute of Canada, consider these integral
components of strategic planning. Terms such as ‘evidence-based health
care’, ‘translational research’, ‘knowledge transfer’, ‘research uptake’, and
‘dissemination science’ are widely used in planning documents. However,
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there is little consensus on their definition or the processes by which they
take place (Kerner et al. 2005).

Lack of clarity in the language and logic of research transfer creates
significant obstacles to effective action (Lomas 1997, 2000; Mankoff
et al. 2004). Interdisciplinary and interprofessional research application
is complicated by the use of different terms to describe the same thing
and ascribing different meanings to the same term, making it impossible
to develop benchmarks to guide initiatives to put knowledge into prac-
tice, or indicators to evaluate them.

Vertical organizational structures in the cancer control system that
separate research, clinical and preventive practice, service programs and
policy areas also are barriers to effective collaboration (Lomas 2000). The
explosion of discovery in the basic or fundamental sciences (for example,
genomics and proteomics, imaging technologies for early detection) and
maturation of the behavioral and social sciences has created a bottleneck
of knowledge that is limited because of the failure of its translation
across these vertical silos.

It has become clear that an understanding of the social and envir-
onmental determinants of health, and how they operate through both
behavioral and biologic pathways, is a critical key to the prevention of
cancer (Ellis et al. 200S; McKinlay and Marceau 2000; Singer and Ryff
2001; Smedley and Syme 2000). Thus, it is important to understand
the research to policy and practice cycle as encompassing not only the
transfer of basic science discoveries into clinical applications (‘bench to
bedside’), but also the transfer of knowledge into effective interventions
producing measurable outcomes at the population level, with active
community participation in the process (‘bench to trench’) (Crowley
et al. 2004; Sung et al. 2003). Collaboration between research produ-
-~ cers and research consumers in this translational approach is critical to
reduce the cancer burden at the population level, the ultimate measure
- of benefit to all (Mankoff et al. 2004).

Unfortunately, current models for research transfer are not working
well (Ellis et al. 2005; Greenhalgh et al. 2004); one reviewer concluded
that it takes 17 years to turn 14 % of original research into benefit
for patient care (Balas et al. 2000). The problem is that different
eholders - research producers and end users — frequently operate in
lation rather than collaboratively throughout the knowledge produc-
ion, synthesis, and integration cycle.

We need a framework that will facilitate improvements in the process
moving knowledge into action. Individual-focused efforts have not
n highly successful (Greenhalgh et al. 2004; Grimshaw et al. 2001),




158 Systems Thinking for Knowledge Integration

and while organizational approaches have shown some promise, there
is recognition that a systems approach is required given the complexity
and breadth of the field (Greenhalgh et al. 2004). A consistent set of
definitions and terms, reliable indicators to monitor successes in trans-
itional research and knowledge transfer at a systems level, and a frame-
work to guide thinking and activities are required.

The need for clear language and frameworks is not unique to cancer
control. For example, public health in Canada faces similar challenges,
as elegantly discussed in a Canadian Journal of Public Health (CJPH) report
of work by the Canadian Institute of Health Research’s (CIHR) Institute
of Public and Population Health (Kiefer et al. 2005). The report was
based on an environmental scan, literature review, and consultation
with researchers, practitioners, and policy makers, to identify priorities
and strategies for evidence-based decision-making in population and
public health. The assessment by Greenhalgh et al. (2004) for the UK
National Health Service provides a comprehensive literature review of
diffusion in health service organizations.

The CJPH and Greenhalgh et al. papers offer definitions that provide
a useful clarification of how some of the more common terms are used
(Table 12.1).

Table 12.1 Terms commonly used in knowledge integration

Term Definition

Dissemination An active and strategically planned process whereby
new or existing knowledge, interventions, or
practices are spread (Kiefer et al. 2005)

Knowledge transfer The imparting of research knowledge from producers
to potential users (Kiefer et al. 2005)

Knowledge exchange The interactive and iterative process of imparting
meaningful knowledge between research users
and producers, such that research users receive
information that they perceive as relevant to them
and in easily usable formats, and producers receive
information about the research needs of users (Ki
et al. 2005)

Knowledge uptake The acquisition and review of research knowledge
and its utilization, including incorporation into
decision-making (Kiefer et al. 2005)

Implementation Active and planned efforts to mainstream an

innovation within an organization (Greenhalgh
et al. 2004)
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Table 12.2 Three generations of research application models

Time frame

Language

Key assumptions

Generation 1
1960-mid-
1990s

Linear models

Generation 2
Mid-1990s to
Ppresent

¢ Dissemination
e Diffusion

* Knowledge
exchange

* Knowledge

integration

» Knowledge is a product

e The key process is a handoff from
research producers to research users

» Knowledge is generalizable across
contexts

* Knowledge comes from multiple
sources: research, theory, and
practice

» The key process is interpersonal:
networks of research producers

production-synthesis-integration

e Knowledge is context-linked and must
be adapted to local setting

» Degree of use is a function of effective
relationships and processes

e The knowledge cycle is tightly woven
within priorities, culture, and context

¢ Relationships mediate throughout the
cycle and must be understood
from a systems perspective and the
organization and its strategic processes
e Degree of use is a function of effective
integration with the organization(s)
and its systems

owever, the underlying model for how the research to policy and

ice cycle works is still limited. Thinking about the problem is
ing rapidly, as detailed in the CJPH and Greenhalgh et al. papers;
VEr, more appropriate models are needed. Table 12.2 summarizes

may be seen as three stages in thinking about core processes under-
effective knowledge integration and use.

ip models by acknowledging that knowledge production and
ization involve different systems, actors, and perspectives — each
‘their own rhythms and dynamics, world views, priorities and
s, language, time scales, means of communication, and expect-
These worlds may not naturally connect, and the focus for the
e mobilization enterprise needs to be on the major drivers in
€m: organizational structure, processes, and contexts; funders’
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timelines, expectations, and accountability; and decision-making and
incentives for change.

Systems and networks research help clarify the logic of Table 12.2
and address the need for fresh thinking about organizational change
necessary to support effective knowledge mobilization and integration.
It is perhaps not surprising that this new science of knowledge integra-
tion and exchange is dependent upon transdisciplinary collaboration.
These collaborations include a wide range of disciplines across the
basic, clinical, and population health sciences, and those working
in research, clinical practice, management, and policy areas. Given
the uniquely close working relationships in the Canadian cancer
research-application community, there is the opportunity to refine
models for knowledge application that emphasize the powerful roles
of organizations, systems, and networks in achieving evidence-based
policies and practices. The transition from networks to organizations as
the context for knowledge mobilization introduces the potential value
of a new term: knowledge integration.

Knowledge integration is defined as the effective incorporation of know-
ledge into the practices and policies of systems and organizations so
that it informs decisions and affects outcomes.

Starting with this framework, the NCIC designed a process to maximize
the lessons learned and the strength of the knowledge integration
framework, as a foundation for implementation of its strategic plan. A
final report included a review of the literature to summarize evidence
for effective research to policy across three settings (basic, clinical, and
population research), at three levels of behavior change (individual,
organization, and systems) (National Cancer Institute of Canada report
2006). The report included inputs from a series of four workshops to
refine and validate the framework, producing a practical tool to guide
researchers, decision makers, and practitioners as they collaborate to
implement cancer control strategy.

Case #3: primary health care redesign

The third example of systems thinking in action builds on curr
initiatives in Canada to renew primary health care (PHC). They
broadly similar to concerns and initiatives in other developed countri
including Britain, Australia, New Zealand and the USA.
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PHC is the first point of contact when people initiate care for a
new problem, where common and chronic problems are resolved or
managed, and serious conditions are referred to more specialized care.
For Canadians - 85% of whom seek primary care every year - it is the
‘heart of health care’ (Campbell 2005). There is good evidence that a
strong PHC system improves the level and distribution of health at lower
cost than systems that rely more extensively on secondary and tertiary
care (Macinko et al. 2003; Starfield and Shi 2002). In Canada, since
1998, four provincial and two national health care commissions have
concurred that renewing how PHC is funded, organized, and delivered
is key to addressing problems in the health system related to prompt
access to comprehensive, evidence-based services. In 2000, the federal
government committed new funds to accelerate change in PHC This
led to a flurry of demonstration projects and new initiatives to improve
ess, chronic disease management, and integration of services in PHC.
However, PHC renewal in Canada is proving difficult. The flurry of
emonstration projects was layered on a system that was already in
ansition. Each demonstration project focuses on one piece of the
le — for example improved care for diabetics or enhanced health
elp lines — but it is unclear how action on one component of the
ystem impacts directly, or indirectly, on another part. Nor is it clear
the knowledge gained from the experiments will be integrated,
pecially given the lack of consistency in the terminology, measures,
ind benchmarks used in evaluating such initiatives.

- Underlying all this is the idea that there is One Right Model of Care.
nly recently are both researchers and policy makers recognizing that
pere is no single ‘right’ organizational model of care, and that outcomes
epend on contextual community factors (Lamarche et al. 2005).
research in primary care is providing information on mitigating
ontextual factors and different processes applied to apparently similar
ctures. There has been a huge interest in better understanding the
eractions of the different sub-systems that characterize primary care:
¢ provider-patient encounter; interactions between providers intra
d extra-muros; and the interface with the community.

How might systems thinking help? Recent work is providing tools
t conceptualize actions within primary care as part of a dynamic
tem. For instance, Watson et al. (2004) developed a comprehensive
gic model that extends from sociocultural and policy factors including
ation characteristics, through a full range of policy and service
egies, to broad population health outcomes. Although the model
inspired by a linear results-based logic model for accounting
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purposes, by making explicit all the components of the system and their
potential areas of influence, the model sets the stage for understanding
one component of care in the light of other factors.

Recently, Lamarche et al. (2005) used a configuration approach to
identify which organizational features seem to cluster together in a
variety of international and Canadian models of primary care. Using
this approach led to a taxonomy of models that was rhetoric-free: a giant
step forward in the field of PHC. They were able to apply the taxonomy
to an analysis of effects and to show that no model is able to achieve all
the desired outcomes at the same time. More recently, they have shown
that performance of individual primary health care practices is associ-
ated not only with organizational structures within the practice, but also
with the configuration of health care establishments in the immediate
environment of clinics. These initiatives are challenging researchers to
examine their areas of interest from the perspective of the whole health
system or sociopolitical context. _

As a better understanding emerges of key barriers to community
strategies that link public health and health service strategies (Frisby
et al. 2004), there is a crying need for measurement tools and research
frameworks to enable researchers to examine problems from a holistic
perspective. In addition to developing systems tools to conduct new
research, we need ways of evaluating and synthesizing emerging evid-
ence, both clinical and organizational, to generate systems learning that
will guide change at the local, regional, and national levels. Further-
more, such learning needs to take into account differences both within
and between jurisdictions, in order to provide responsive solutions to
the challenges facing primary care reform at each level.

Summary and conclusions

We have illustrated the value of systems thinking by describing three
recent policy-research examples from our work. In each case, we learned
that a generic systems thinking approach added value, but that consid-
erable work was needed to refine our understanding in the context of
each example. We learned that systems thinking is an effective approach
to foster deliberation across diverse disciplines and stakeholders. After
an initial struggle with this diversity and the ‘complexity of complexity’
(the vast and varied literatures that inform this field), we found that
common logic and language emerges from transdisciplinary dialogue.
We found particularly useful the concept of ‘simple rules’ from complex
adaptive systems — while each of our examples required a detailed
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ing through of the key constructs and measures, the most powerful
s to promote dialogue, and hopefully positive change, were the
ch simpler frameworks and ‘thinking tools’ that emerged. It was
iting and productive to adapt well-established methodologies in ways
provided a toolkit for each context we explored. We discovered
almost overwhelming enthusiasm among decision makers for new
ys of thinking, and new tools that help them address what they
:ady knew were more complex challenges than existing strategies
ild encompass. Finally, the work came together around the concept
I knowledge integration as a platform to focus collaboration between
searchers and decision makers, empowering participants from multiple
eholder groups to solve the pressing priorities of health system
newal.
These case studies provide some groundwork. We must continue to
ove forward, engaging research producers and users in collaborative
ojects, so that we can further refine our thinking and tools. We
Acourage others to seek out and create opportunities for diverse discip-
1es and stakeholders to work together using systems perspectives. By
oing so, we will be able to demonstrate and evaluate the impact of
ems thinking approaches in public health and realize its full poten-
al as a facilitator of progressive change.
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