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Abstract. The health system is a complex system of systems – changes in agri-
culture, transportation, economics, family life, medical practices, and many 
other things can have a profound influence on health and health costs. Yet to-
day, policy-level investment decisions are frequently made by modeling indi-
vidual systems in isolation. We describe two sets of issues that we face in trying 
to develop a platform, method, and service for integrating expert models from 
different domains to support health policy and investment decisions. The first 
set of questions concerns how to develop accurate social and behavioral health 
models and integrate them with engineering models of transportation, clinic op-
erations, and so forth. The second set of questions concerns the design of an en-
vironment that will encourage and facilitate collaboration between the health 
modelers themselves, who come from a wide variety of disciplines. 
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1   Toward a Science of Health Policy Decision Making 

The health system of any nation is a complex system of systems. Decisions about 
comparative effectiveness or about investment in prevention or treatment programs 
may lead to complex interactions and have widespread consequences, many of which 
may be difficult to foresee. For example, the treatment of chronic diseases presents 
multi-faceted issues that the healthcare sector alone cannot address. Transportation, 
agriculture, housing, and education “have far-reaching health effects, but are not en-
gaged or evaluated for those outcomes” [4].  Indeed, it is generally recognized that 
chronic diseases such as obesity reflect cultural, social, educational, political, and 
economic conditions as well as policies, practices, costs, and pricing in industries 
such as advertising, transportation, agriculture and others [8].  Certain sorts of behav-
ioral modeling approaches may be appropriate for simulating some aspects of chronic 
disease [1,6], and various kinds of system modeling may be useful for simulating 
complex interactions of the effects of policies [7,13]. But a full understanding of such 
a complex system of systems – like the health system – can be enabled by modeling 
all relevant aspects of each constituent real-world system, probably by different ex-
perts using different modeling techniques, and then integrating the resulting models to 
“try out” alternatives. Though there have been some efforts at building frameworks 
that encompass data of various sorts to model and predict policy-level outcomes  
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(e.g., [16]), there exists no overarching platform or framework with which to integrate 
disparate models based on distinct technologies and deep domain expertise. 

To address this unmet need, we are developing a platform, method, and service to 
support such an integration of models. The Smarter Planet Platform for Analysis and 
Simulation of Healthcare – also known as Splash! – aims to enable the integration of 
independently created, deep models of health-related domains in an environment that 
is practical, flexible, cost-effective, and usable. Our goal is to have an impact on 
health at policy and investment levels, in understanding comparative effectiveness of 
treatments and preventions, in determining return on investment at an ecosystem 
level, and in understanding global consequences of decisions. Numerous technical 
and conceptual challenges must be addressed to integrate diverse models.  

In this paper, we summarize some of the research challenges brought to the fore 
when considering social factors related to health and health policy, and the formation 
of an integrated modeling capability. We identify a dual set of challenges: (1) What 
particular issues must be faced in integrating social and behavioral models with statis-
tical and deterministic models derived from other conceptual domains and data 
sources? And (2) how might the social conditions of different modelers and commu-
nities of experts themselves – their varying disciplinary assumptions, practices, and 
concerns – be addressed so that Splash! effectively enables collaboration that supports 
development of practical and meaningful results? We believe that the core research 
questions identified and raised in this examination represent important initial steps 
toward identifying opportunities to advance contributions of social and behavioral 
modeling to health and health policy. We also aim ultimately to provide insight on 
how joint efforts between modeling and policy communities – and multiple disci-
plines more generally – can continue to interact productively, forging innovative ad-
vances to knowledge and action. 

2   The Splash! Approach: Architecture and Challenges  

Currently, there are no means for usefully combining multiple independently created 
models to inform the kind of complex decision making demanded of health policy. 
There are many reasons why diverse models are rarely combined to create a compre-
hensive, detailed picture of any real system of systems. Different categories of models 
are constructed, maintained, and used by different people and organizations, each 
using distinct terms, conventions, and approaches. The challenges to creating inte-
grated views are both technical and social, emerging in part from varied intellectual 
and scientific histories and practices.  

2.1   Overall Architecture and Challenges for Model Integration 

There are four main challenges to composing large-scale models for complex health 
ecosystems. First, not all models can be combined in a sensible way. The assump-
tions, time scales, capabilities, level of detail, and indeed the selection of the key as-
pects to represent may be quite different: What factors characterize the models that 
are compatible with one another? The challenge is to develop a deep understanding of 
model compatibility.  
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Fig. 1. Splash! will be an open community platform where proprietary and public models, data, 
and outcomes can be searched, combined, executed, visualized, and shared 

 
Second, there exists no standard way to describe models in sufficient depth to de-

termine compatibility. Here, the challenge is to create mechanisms and methods for 
describing models so that it is easy to determine how to integrate them into larger, 
more complex models of larger, more complex systems. 

Third, there are no tools or platforms to support the integration of independently 
created models in a simple, flexible, and useful way. This adds the challenge of  
providing efficient mechanisms for searching and identifying applicable models, for 
establishing an appropriate execution environment, for automatically generating con-
nectors between models and datasets, and for enabling reuse, result pruning, data 
transformations, flexible model transformations, experiment management, visualiza-
tion, simulation output analysis, and so on (see Figure 1). 

Fourth, there is no targeted technology and set of practices to facilitate collabora-
tion between the varied people and organizations that develop and use distinct do-
main models. We envision an active community of participants contributing models 
and data, combining models, discussing models, exploiting previous results, and op-
tionally sharing their models and modeling results.  Participants in such an open 
community must have the means to (a) combine their proprietary models and data 
securely without risking intellectual property or violating privacy, (b) evaluate the 
quality of models and transformations used and communicate their findings to others, 
and (c) assess the trustworthiness of the outcomes produced. The final challenge is to 
develop a deep understanding of what is required for such an open integrated commu-
nity system to successfully enable cooperation among all stakeholders.   
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Here, we ask whether and in what ways the inclusion of social computing approaches 
and social models into the integrated mix of models envisioned in Splash! presents par-
ticular challenges. What assumptions, forms of modeling, and language use, for in-
stance, inform social and behavioral modeling in the health domain? We think that for 
the technology and supporting practices for Splash! to be useful, usable, and effective, 
they must be grounded in an understanding of the work and collaboration practices of 
the varied people and organizations that develop and use these models. So the fourth 
challenge identified above follows from the first three in that it is underlined by basic 
questions of the compatibility of the assumptions informing the models as well as the 
ways of describing them. These assumptions and languages, in turn, are informed by the 
varying social and intellectual histories of different scientific disciplines and other 
communities of experts. Historians of science and social scientists in the area of science 
and technology studies offer insight for consideration of what happens when different 
scientific and policy communities come together, suggesting ways that differences both 
challenge and create opportunities for greater advancement.   

2.2   Challenges for Social and Behavioral Modeling 

Consider the case of chronic disease management, such as obesity. Not only do nu-
merous social factors inform underlying health conditions, but the interplay of social 
factors in determining impact of various forms of intervention is undeniable [9]. The 
number of factors affecting health outcomes is multilayered and highly complex (see 
Figure 2). 

For instance, recent studies have examined how environmental factors contributing 
to access to food, as determined by availability and price, correlate with variable 
health outcomes. Findings have shown that lower food prices are associated with con-
sumption of those food products; for instance, lower priced fruits and vegetables are 
associated with greater consumption of these products while lower priced fast food is 
associated with lower fruit and vegetable consumption. The ability to benefit from 
lower prices depends on the potential access to them to begin with, hence the shortage 
of markets selling lower priced fruits and vegetables in lower income areas is seen to 
contribute to higher rates of obesity in such communities [3]. Various policy interven-
tions are possible, such as providing tax benefits to merchants for supplying lower- 
cost healthy food. What is needed is the ability to simulate the potential impact of 
such a move given the dynamic and non-deterministic dimensions of the social factors 
contributing to impact. In addition to being dynamic, finding appropriate means of 
defining the parameters of social factors introduces additional challenges. For in-
stance, changing forms of ethnic identification and residence patterns (e.g., Pacific 
Islanders and traditionally African-American areas) and attendant shifts in consumer 
behavior must be considered.  

Indeed social networks have been shown to reveal interesting patterns of obesity 
and weight gain and loss. Building off the data available through the longitudinal 
Framingham Heart Study, analysis of social networks conducted by Bahr et al. [1] 
identifies obesity clusters to be more prevalent at the second and third degrees of rela-
tionship – friends and friends of friends – rather than in familial or spousal units. 
They simulate the effect of certain social forces, such as advertising or taxation, on 
particular spots in the networks as predictive exercises in guiding potential policy.  
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Fig. 2. Example of the complex system of systems related to obesity (from [8]) 
 

 
Social and behavioral factors inform not only health choices but likely responses to 

policy interventions at every turn, from preferences (e.g., consumer choices) to satis-
faction (e.g., with healthcare treatment options) to forms of resistance (e.g., to gov-
ernment policies) and beyond. The challenge is to understand how to merge the kinds 
of models amenable to modeling social factors – social network or agent-based mod-
els, for instance – with other forms of deterministic models. The model-integration 
problem becomes even more challenging when merging these behavioral models with 
other types of models, such as transportation models that help determine access to 
supermarkets or clinics, models of health facility utilization, or econometric models 
(see, for instance, [14]). 

2.3   Challenges in the Social Practices of Modelers 

Questions raised by consideration of the integration of social and behavioral models 
in understandings of health and health policy with other model types points to a 
broader set of considerations around the worldviews and social practices that inform 
the underlying assumptions of the models and the expectations of their application. In 
practical terms, we aim to understand what it will take to bring together contributors 
in ways that will support fruitful collaboration across diverse communities of experts 
and that lead to the production of meaningful and useful outputs. What enabling tech-
nologies and sets of practices will support the kinds of knowledge-production and 
decision-making requirements of users? Here we broaden the lens from the particulars 
of the social and behavioral models themselves to focus more on the meta-level prac-
tices of modelers and those who aim to benefit from their results. Our interest paral-
lels that of the conference itself: We are asking what the operational considerations of 
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the environment need to be to encourage experimentation and derive novel theories to 
help address the complex challenges of health and health policy. 

Numerous investigators of the work of interdisciplinary innovation and develop-
ment have identified the communicative, cognitive, and broader social challenges of 
creating meaningful exchange among scientific and other communities of experts.  
The notion of “trading zone” offers a compelling metaphor for consideration of how 
knowledge exchange across diverse scientific and technical communities occurs. 
Most famously associated with Galison’s [5] description of how the distinctly differ-
ent communities from engineering and science developed radar and particle detectors, 
the “trading zone” provides a means for recognizing how, despite potential misunder-
standings (taking something to mean something other than what was intended) and 
mis-recognitions (thinking things mean the same when they do not), experimentation 
continues and communities manage to collaborate. Galison’s and others’ cases of how 
the trading zone operates highlight how languages developed by different communi-
ties of experts matter and must be accounted for. Star and Griesemer’s [12] notion of 
“boundary object” adds a material and spatialized dimension of understanding to the 
picture. Boundary objects “are objects which are both plastic enough to adapt to local 
needs and constraints of the several parties employing them, yet robust enough to 
maintain a common identity across sites. They are weakly structured in common use, 
and become strongly structured in individual-site use. They may be abstract or con-
crete. They have different meanings in different social worlds but their structure is 
common enough to more than one world to make them recognizable means of transla-
tions.” [12, p. 393] This notion points to the fact that technical and scientific practice 
involves the manipulation of tangible and conceptual objects.  

In considering how to establish productive interchanges between health and health 
policy researchers of varying backgrounds, and in particular where and how to inte-
grate social and behavioral modeling approaches, we must recognize that the chal-
lenges do not concern only technicalities of modeling integration, but also concern 
establishment of the right environment for collaboration, including tools and terms of 
discourse. There are risks in not interrogating this aspect as we move ahead in model 
integration. Models and simulations are powerful social products in their own right, 
and while they can significantly advance understanding and compel action, they can 
also overwhelm and lead to ill-guided actions (see [15]). For example, Brailsford et 
al. [2] cite one example of a clash between communities in which healthcare clini-
cians objected to hospital operational models that were adapted from the manufactur-
ing industry and retained too much manufacturing terminology; the clinicians felt that 
such models reduce people to “widgets in a production line” and are doomed to fail. 

The fluency with and ability to critically engage with models and their results is 
sure to vary across participants in the health and health policy arenas. Based on an 
ethnographic study of climate modelers, Lahsen [11] argues that in many cases users 
of models are better able to maintain critical distance on the value and veracity of the 
model than the modelers themselves. Debates can emerge, for instance, when models 
aim toward providing answers to help refine existing policies (which may or may not 
be supported by the individuals and organizations engaged in the modeling efforts) as 
compared to when they aim to inform the creation of new policy. At stake are poten-
tial conflicts of interest and guarding of intellectual property, and such challenges are 
likely to play out through critical engagement with the very bases of the models.  
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A related set of challenges arises in considering the usage of an integrated system 
of diverse models such as Splash! Even assuming that the issues of differing vocabu-
laries of discourse and conflicts of interest among modelers from different domains 
are overcome, a number of problems still remain. Suppose that Splash! succeeds in 
creating a cooperative platform with many diverse models cataloged in its repository. 
What factors and facilities are required for a newcomer to join in this community, 
integrate a set of models, and take action based on the results? What are the mecha-
nisms for judging the value of individual models and specific model combinations? 
How is trust built among existing and newcomer community participants? One exam-
ple mechanism is illustrated by the ManyEyes web site for data sets and visualizations 
[17]. In ManyEyes, participants may register, comment, blog, and provide ratings on 
data sets. Provenance of data is explicitly described in bylines associated with data. 

Furthermore, even assuming the validity of each given model, how can a policy 
maker be assured that the outcome of an integration of trusted, expert models is itself 
scientifically valid and can be trusted sufficiently to make health system decisions or 
investments? That is, how can participant trust be transferred from the component 
models to combinations of such models? Can mechanisms such as peer review, rating 
systems, blog discussions, certification by trusted authorities, etc., play a role in build-
ing such trust? Can a cooperative platform leverage or enhance existing technologies 
for model verification and validation? We intend to explore the opportunities and vul-
nerabilities of collaborative modeling in addressing these challenges. 

3   Summary 

As a dynamic and complicated system of systems, health continues to demand in-
creasingly sophisticated understanding to encourage hopeful experimentation and 
development toward improvement. Determination of health policy and the ability to 
monitor effect and outcome is similarly complex. We aim to provide scientific sup-
port to these efforts by enabling engineering, synthesis, and integration of models of 
real-world systems to provide a means to try out possible alternatives through simula-
tion. But this means we must account for social factors that underlie and inform 
health-related actions and outcomes. This paper raises and explores two sets of ques-
tions for advancing social and behavioral modeling: (1) how do we effectively inte-
grate social and behavioral models with other models to inform complex systems  
understanding? and (2) how do we create the appropriate social environment to  
encourage participation by diverse individuals and organizations in this integration?  
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