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Abstract—This study uses a simulation to establish a redlistic
environment for laboratory research on Accountable Care
Organizations. We study network attributes in order to gain insights
regarding healthcare providers conduct and performance. Our
findings indicate how network structure creates significant
differences in organizational performance. We demonstrate how
healthcare providers positioning themselves at the central, pivota
point of the network while maintaining their aliances with their
partners produce better outcomes.
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|. INTRODUCTION

NE of the key questions in social networks research is

where an organization should position itself within its
network or industry (e.g., see [16]). This question becomes
particularly important in the Untied States healthcare industry,
where hedlthcare providers (physicians, hospitals, medical
centers) strive for competitive advantage by means of either
external sources or internal capabilities[19]. Our contention in
this paper is that the conduct and performance of organizations
in the healthcare industry can be more fully understood by
examining their network of relationships instead of just
focusing on the autonomous entity. Such a network
encompasses the organization's set of relationships with other
organizations in the industry. One way to deepen the
understanding of entity positioning from this perspective is to
investigate this area using a simulation-based laboratory
experiment.

In conducting simulated laboratory research, the researcher
designs controlled experiments in such a way so as to be able
to answer specific organizational questions [5]. Ein-Dor and
Segev [10] assert that the complexity and the high cost of
creating simulated environments encourage researchers to
employ field surveys or case studies rather than laboratory
experiments. However, |aboratory experiments are particularly
attractive because this approach affords the opportunity to
obtain precise measurements and to define and validate
findings from the field. These objectives can be achieved by
using simulations as the means by which to establish realistic
environments for laboratory research on organizational
positioning in the healthcare industry. Furthermore, this study
fosters a heightened awareness of network attributes in order
to gain insights into organizational conduct and performance
in the United States healthcare industry.
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The investigation of this area will begin with a review of
recent changes in the healthcare industry and how those
changes can be related to network theory. Then, we state the
study’s hypotheses and discuss the value of using the network
approach in smulation design, followed by an analysis of
performance, according to network characteristics. Finally, we
discuss the applicability of our findings and propose some
future research directions.

II.LITERATURE REVIEW

In the past three decades health costs have been on the rise
worldwide. Expenditures in the United States, for example,
surpassed $2.3 trillion in 2008, more than three times the $714
billion spent in 1990, and over eight times the $253 billion
spent in 1980 (Centers for Medicare and Medicaid Services
[7]). Accountable care organizations (ACOs) have been
proposed as a novel way to slow the fast-rising health care
costs, to improve the quality of health provided, and to create a
new healthcare industry structure ([12], [18], [24]). A wide
variety of provider organizations could be ACOs. existing
integrated delivery systems or other coordinated care
arrangements including hospitals and physicians [25]. Three
core principles are defined for al ACOs: 1) Provider-led
organizations with a strong base of primary care that are
collectively accountable for quality and total per capita costs
across the full continuum of care for a population of patients;
2) Payments linked to quality improvements that also reduce
overal costs, and, 3) Reliable and progressively more
sophisticated  performance  measurement, to  support
improvement and provide confidence that savings are achieved
through improvementsin care [21].

The notion of ACO begs the question of how the ACO
network affects the individual providers behavior, conduct,
and profitability [19]. This research explores how healthcare
providers may achieve a competitive edge by concentrating on
their relationships with other organizations within the ACO
network that they reside. Our hypothesisis that performance in
the heathcare industry can be more fully understood by
examining the individual entity’s relationships and ties within
the network in which it is embedded (the ACO). Such a
network encompasses the entity's set of relationships with
other healthcare providersin the ACO structure.

Increasing interest in social networks research in the past
decade has resulted in an exponential growth of studies across
several disciplines in this area, including healthcare ([2], [8]).
Network theory is an interdisciplinary field that searches for a
common formalism for networks found in real-life. The goal of
network theory research is to gain a greater understanding of
the structure and flow patterns within networks.

Networks exist in all aspects of life (see Newman [22] and
references therein). Each network consists of vertices (e.g.,
people, web pages, power plant and substrates) and edges
(e.g., relationships, hyperlinks, power lines and metabolic
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processes); the latter providing the means by whioh
vertices are connected. We employ those networlom®t
using the platform offered by simulations.

In this study, we focus on the practical aspechetivorks
and examine how entity collaboration in the heathc
industry impacts performance. Numerous studies @exdrthe
structure of networks and the characteristics efrthertices
from different perspectives (e.g., [2], [6]); howeeythe way
through which the network characteristics affeatfgrenance
is still largely unknown. Studies investigating teeonomic
consequences of social or strategic networks shatventities
enter alliances to improve their competitive posit{e.g., [3],
[14], [16]). It seems clear that if healthcareasbecome more
cost effective, better strategies for disseminatifgrmation
and diffusing innovations through communities ussuagial
influence processes need to be devised [29]. Intiadd
healthcare social networks have been used beforgietd
meaningful measures of social integration, andntestigate
the social dynamics underlying community functionda
population health ([8], [28]). In this study we exae how
healthcare organizations profit from collaboratidimerefore,
we hypothesize:

Hypothesis H1: Organizations collaborating with eth
organizations outperform entities that do not.

HYPOTHESES

Studies show that the lack of strong links betwgeups or
individuals generates holes in the structure ofsvork ([4],
[15]). These structural holes create a competitideantage
for those who span them [3]. Structural holes dse eelated
to network resilience. Network resilience is definas a
network’s ability to function, or continue its floflvom one
vertex to another, after some vertices and theineotions are
removed [22]. The existence of strong links witthia network
strengthens its resilience. Structural holes do thect
opposite, as network resiliency becomes dependera 2w
vertices that span those holes.

Researchers confirm a positive correlation betwesediits
and entities spanning over structural holes (d4,, [23]).
Therefore, we hypothesize:

Hypothesis H2: Organizations having the biggestaotpn
network resilience outperform the average organdirat

IV. METHODOLOGY

A.The Simulation Employed

A simulation is, by definition, a highly complex manade
environment. The objective of using simulations tine
management arena (including healthcare managensmnt
offer participants the opportunity to experimentdning in as
authentic a management situation as possible arehgage
them in a simulated experience of the real world.(413],
[20]). The area of simulations in the managemeenaris

extensively covered in literature. Over the yeaesearchers

have reported the extent of usage of simulationsbdith
academe and industry (e.g., [1], [9], [11], [126], [27]).

We used a simulation developed in the United States
commonly known as the International Operations &itian -
INTOPIA B2B (http://www.intopiainc.com). The simtian is
designed to yield substantial payoffs in practigaining. It
involves the participants in the executive processtivates
their need for decision-making aids and forces theadopt a
managerial viewpoint. The simulation is highly isit, meant
to simulate the total environment. Participants arse
themselves in an artificially created world wheracte
organization (healthcare provider) can operate rs¢ve
branches. Incoming participants take part in sé&@naulated
time-periods (each simulating one year). The tafkthe
entities is to make decisions which will guide a&Ems
(simulated by a relatively easy computer interfage)the
current period and which will affect operationssimbsequent
periods. Decisions were made once a week and werailed
to the simulation administrator to be fed to thempater
program. After the program ran the data, it gemgratutputs
that included financial reports (e.g., a balaneeshan income
statement), and market researches. These outptstien e-
mailed to the entities and are used for their decimaking in
sequential periods. Dozens of decisions, covering éntire
range of a typical healthcare enterprise, were iredwf an
organization in each simulated period. The decismaking
process was based on an analysis of the organiztistory
as presented to the participants at the beginnihghe
simulation, interaction with other entities and t@nstraints
stated in the simulation. The performance of amoization in
each period was affected by its past decisions and
performance, the current decisions, simulated costo
behavior, and the competition — the other orgaitinatin the
industry.

B.Participants and Procedures

This study was conducted in a university accreditgdhe
Association to Advance Collegiate Schools of Busine
(AACSB). The participants were senior MBA candidgaté/e
conducted five (independent) runs of the simulateach with
different participants. Table | details the numbé&simulated
healthcare entities created in each run.

At the beginning of each run, the students wereeddb
form competing teams. The formation of the teams an
allocation of executive roles within teams procekdéthout
any external intervention or manipulation. Our eigrece
shows that executive roles are usually allocatembraling to
the participants’ expertise in certain functionakas (e.g.,
accountants and bankers are usually assigned i@frahief
financial officers). In each run, we recorded thecigions
made by all the teams. We also kept track of themg
performance. For this research, we aggregatechalreésults
and statistically analyzed them, as presented. later
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V.FINDINGS

A.Network Analysis

This study proposes analyzing the simulation astavark,
with all of the associated implications being ackteaged. In
Table | we detail the number of entities (organaad) the
students operated in each run. As can be obsahedumber
of entities in the industry varied from 16 to 2Giees, with an
average of 17 entities.

B.Investigating the Hypotheses — Performance Analysis

This section examines the research hypotheses estd t
performance versus network characteristics.
performance was measured by its accumulated
earnings (i.e., the accumulated profits).

TABLE Il

In raths,

PERFORMANCE IN ABSOLUTE VALUES AND IN PERCENTAGE REATIVE TO THE
AVERAGE ENTITY IN RUN IV

Performance in

Performance (in %)

TABLE | Entity No. Absolute Values (in K$)Relatlve to Fhe Average

THE NUMBER OF ENTITIES IN EACH RUN Entity

1 1,267 -59

Run Run | Runil Runlll RunlV RunV 2 (456) 115

= 3 1,358 -57

No. of Entities 20 17 16 16 16 4 6.248 100

5 (2,354) -175

We consider the simulation as another kind of aiasoc g 1(5";64 _28328
net_work, V\_/here gach entity serves as a ve_rtex anetlations 8 (3,214) 203
or interactions with other entities are considemsdedges. For 9 1,267 59
example, Figure 1 illustrates the network structaréhe end 10 16,234 419
of Run I. The industry was made of 20 organizatiofise 1 (235) -108
fi demonstrates the complexity of the netwdrlcture in 12 23 99

Igure _ plexity : 13 (5,248) 268
the simulation. Note that in that particular exampll9 14 3,624 16

organizations had a least one collaborator (orgdioiz 11, for 15 7,562 142
example, had 5 collaborators). One entity, orgaitinal 8, did 16 12,834 310
Average 3,127 0

not collaborate with any other entity.

19

Y

Fig. 1 Network structure at the end of Run |. Tingvistry consists of
20 organizations and exhibits a complex netwonkcstire.

TABLE Il
THE NUMBER OF EDGES PER ENTITY IN EACH RUN

retaine

For example, Table Il
organizations in Run |V in absolute values and encpntage,
relative to the average organization in that ruhe Rverage
organization in Run IV achieved accumulated
earnings of about 3.1 million dollars. Organizatiom 6, for
example, achieved accumulated retained earningmoé than
10 million dollars, which is 238% more than the rage
organization in that run. Note that organizatiomest tachieved
negative profits may present performance worse th80%.
To avoid biases, we do not measure entity perfocman
absolute values, but in percentage, relative to aherage
entity of the associated run. For example, thegoernce of
entity no. 6, described above, would be 238 (whépresents
238% more than the average entity), while the perémce of
entity no. 9 would be -59. We emphasize that tkeltg in this
section are aggregated for all five runs.

In all runs, 85% or more of all organizations cbbaated
with at least one other organization. Table IV shothe

Run Runl Runll Runlll RunlV Run\
o oTErT 5 = 5 G s average performance of the collaborating entitied #he
0. oftntities ‘independent’ entities (those entities that decideot to
No. of Edges per Entity 2.70 ~ 2.59 ~2.56 = 263 ~ 2.06 collaborate) in each run, relative to the averagiye
Standard Deviation 1.63 1.42 1.31 1.36 1.24 '
TABLE IV
Table Il presents the average number of edgesobf eatity ENTITY PERFORMANCE— HYPOTHESISH1
in each run and the standard deviation. On aveiags| five Run Runl Runll Runll RunlV RunV
runs, each entity had 2.51 edges on average waradard i
. . % of collaborating
deviation of 1.39. The correlation between the nembf 95 88 94 94 87

entities and the number of edges is 0.48, indigativat the
larger the number of entities participating in #imulation, the
larger the number of interactions between them.

entities

Performance of
collaborating entities
Performance of single
entities

2.24 1.20 2.11 3.93 2.93

-42.68 -8.98 -31.68 -59.00 -20.54

exhibits the performance of

rethine
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The results reveal that entities that did not pgrdte in
alliances with other entities usually had belowrage results.
We cannot determine that all results are significhre to the
relatively small number of entities. We also ndtattsome of
the collaborating entities performed much worsenthhe
‘independent’ entities in the same run, but oveal average,
collaboration prevailed.

C.Investigating the Hypotheses — Network Resilience

The concept of network resilience reveals the Valhy
characteristics of a network: (1) entity dependeonyother
entities; (2) the notion of centered or pivot eesf and (3)
ineffectual or weak entities. The removal or cad@pof
centered or pivot entities may lead to a networkakdown,
whereas the collapse of ineffectual or weak estiiees not
significantly affect the flow of information or gds within the
network.

Network resilience is a measure of the number otered
entities within the simulated network. For exampteRun 1,
the (artificial) removal of only two entities (ongiaations 5
and 15) results in a large dysfunction of the nekwas shown
in Figure 2: the large component of 19 entitiesakseup to 5
smaller ones. On the other hand, a removal of &ty glaced
on the edge of the large component, connected lyp few
other entities (for example, entity no. 10, whisttonnected to
only one entity), would have little effect on thigoW” within
the network, as this entity serves as an insignificatellite of
the large component.

[\f@‘

Fig. 2 The network structure of Fig. 1 after theifiaial) removal of
two entities (entities 5 and 15)

Using a computer program, we analyzed the perfocenarh
the entities whose (artificial) removal would rasin the
greatest fragmentation of the network.

The findings reveal that when only one entity wasoved,
it outperformed the average entity by 82.8%. Whew t
entities were targeted, those entities outperforthedaverage
entity by 52.2%. Those results were statisticalyniicant.
The findings show that organizations positionethatheart of
the connection between network components weree thtoet
benefited most and outperformed the average orgtmiz
They simply exploited their centrality and signifitce to their
own benefit and thus enhanced their performance.

VI. DiscussioN ANDCONCLUSIONS

This research used network theory concepts to rbette

understand how healthcare organizations should tiposi

themselves within the healthcare network. For thahulated
entities were formed. Although the general envirentrwas
mutual to all participants, the entities becamdedintiated:
each assumed considerably a different strategyferdiit
operating decisions, and a different approach ttalworation
with other entities. Leaving the decision on netwsirategy to
the groups resulted in a variety of behaviors taowather
entities in the industry. It appears that thesdtiestreflect
most real-life approaches.

Beyond the creation of simulated organizations and
industries, this study tested two hypotheses rejatietwork
characteristics and organizational performance.hBatre
confirmed. These results agree with those of previsimilar
field studies (e.qg., [14]).

Furthermore, our findings complement and extend
traditional strategy and social frameworks and pectves.
They shed light on our main question of where dtheare
organization should position itself with regard tdher
organizations in the industry. The answer is compled has
two main aspects: (a) work with other businessneast in a
large component; or (b) position the organization the
junction between two components. Combining thegects,
we come to the following answer: "position the avigation at
the pivotal point of the network."

Nevertheless, although simulations today presefficigunt
complexity to provide realistic network features dan
characteristics, no simulation can seize all aspettreal-life
networks. As more data from real organizations beco
available, it will be easier to determine the ektBn which
simulation situations resemble reality. Thereforéhe
applicability of the simulation findings to the teeorld must
be examined with caution. Also, there is a needdtermine
how simulations can be applied in studying variaspects of
networks. For example, we showed that generally,
performance is improved when organizations operatarge
clusters. This begs the question of why this phesram is not
so frequently found in real life. A deeper inveatign may
provide important insights to better comprehend s¢he
collaboration relationships and address the noti@t some
entities succeed in coalescing into highly-profitab
collaborative components while others suffer franftict and
losses.
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