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Abstract This study investigates the process of operating
room scheduling at a surgery department in a Midwestern
hospital. A comprehensive process map was developed to
depict the existing scheduling process and enhance under-
standing of the complexity of hospital operations. Close
examination of the process map suggests several obstacles
and bottlenecks that impede operation efficiency of the
investigated surgery department. The implications for IS
research are also discussed.
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1 Introduction

The hospital industry is struggling with diminishing invest-
ment returns. On one side, rising cost of health maintenance,
more regulations on government reimbursements for
Medicare and Medicaid services, and changing policies
from insurers have increased the burden on hospital man-
agement [23]; on the other side, the public have increasingly
criticized the hospital industry for the rising health care
expenditures, making it sensitive for hospitals to increase
service charges. As a result, the hospital industry in general
operates on low profit margins, and 30 % hospitals are in
fact losing money [2]. Thus, hospital CEOs have to pay
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“day-to-day attention to operations and logistics” for im-
proving their financial bottom lines [31; p. 77].

Researchers have also pinpointed operation inefficiency as
the main obstacle in the development of the hospital industry.
For example, the Frontiers of Health Services Management
journal devoted a special issue addressing the patient flow/
capacity management problem; the issue concluded that
“the repetitive theme that problems initially misconstrued
as an apparent limitation of capacity are instead caused by
inefficiencies in clinical hospital operations” [49; p. 34].
The international management consulting firm McKinsey
& Company suggests the hospital industry redesigning its
operation processes in order to enhance operation efficien-
cy and boost up the declining profit margin, arguing that
“today’s challenges demand nothing less than a fundamen-
tal rethinking of the health system in the United States”
[19]. Given that the evolution of information technology is
driven by operation efficiency and collaboration [40], there
is an urgent need for more IS research in the hospital
industry.

This study investigates the operating room scheduling
process of typical US hospitals. The need for this study
emanates from the purported impact of operating room
scheduling on inefficiencies in clinical operations in the
surgery department of a Midwestern mid-sized hospital;
selected as the research target. This hospital faces the fol-
lowing problems of significance at the operation level which
have the potential cascading effect of causing inefficiencies
throughout the hospital operations.

1. Conflict among physician’s requirement for operating
rooms which arises due to unique scheduling demands
made by Physicians for this scarce resource.

2. Conflict among other resources’ allocation which sup-
port Physicians at the operating room. For example,
trained operating room staff, such as nurses.
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3. Rescheduling problems for the operating rooms due to
exigencies, such as a procedure taking longer than
planned in the schedule, cancellations etc.

4. Operating room capacity utilization problems due to
uneven scheduling, such as a majority of procedures
performed during morning hours, leading to unutilized
capacities and thus lost revenue stream and accumulated
overhead costs due to non-utilization and thus idling of
available supporting resources.

A common thread in the characterization of the above
problems is lack of information sharing among stakehold-
ers, such as hospital administrators, physicians, and nurse
managers; leading to unmanageable schedules that cause
inefficiencies in clinical operations.

The objective of this study is to investigate whether the
established scheduling theories can be complemented with
IS theories relating to information sharing in a collaborative
environment that can improve operational efficiencies and
optimize utilization of scarce resources, such as operation
rooms in a hospital.

To this end, the study attempts to finalize a process map
to depict the existing scheduling process at the target hos-
pital. The premise is that the process map will identify
obstacles in the investigated operating room scheduling
process, enhance our understanding of hospital operations,
and provide insights on areas of fruitful research for im-
proving operation efficiency in the hospital industry. We aim
to clearly identify the underlying issues of information shar-
ing, relationships among actions of entities, and how deci-
sions can be influenced in a complex organization, such as a
hospital through adoption of proven IS based best practices
to contribute to betterment of clinical operations in the
hospital industry.

We have preliminarily identified established IS theories
in group decision-making leading to collaboration among
various stakeholders in the decision-making processes; busi-
ness process reengineering (BPR) to identify the flow of
decision and thus information, the bottlenecks creating im-
pediment in the execution of smooth hospital operations;
creation of information sharing environment and the contri-
bution of information technology in its realization. We feel
these factors have not been adequately investigated in the
promise that healthcare industry holds in its evolution over
the coming decades.

The paper is structured as follows. First, the IS liter-
ature is briefly reviewed on the current status of IS
research in healthcare. The complex nature of hospital
operations is discussed with regard to the relationship
between hospitals and physicians. Then, employing pro-
cess map is proposed as the main research method. The
resulting process map is presented with brief explanations
of key activities. The study ends with a discussion of the
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distinct features of the investigated operating room sched-
uling process, and make recommendations on some
promising areas of IS research.

2 Current IS research in healthcare

Healthcare practitioners are increasingly relying on infor-
mation technologies (IT) for managing healthcare costs and
improving the quality of care [29]. IS researchers are aware
of the trend. In 2004, the Association for Information
Systems (AIS), the premier professional association for the
study and the practice of information systems worldwide,
formed a special interest group on IT in healthcare, or SIG-
Health. SIG-Health has supported numerous tracks dedicated
to healthcare topics in major IS conferences (http://www.
aissighealth.com/wordpress/). Many IS research outlets have
increased publication opportunities for research in this impor-
tant field. For example, the journal of Communications of the
Association for Information Systems has introduced a special
healthcare department to support researchers to “conduct stud-
ies crossing IS and healthcare disciplines” [48; p. 456]; special
issues devoted to healthcare have been published with leading
IS journals, including the journal of the Association for
Information Systems [39], Information Systems Research
[15], and the Journal of Strategic Information Systems
[35]. IS researchers have studied a variety of healthcare
topics, ranging from the build of information infrastructure
[1, 30], system design [36] and system implementation [16,
46], to the use of technology among healthcare service
providers [24, 37].

With the growing interest and awareness of healthcare
information systems among IS researchers, however, publi-
cation of health-related IS research is sporadic. A review of
IS journals suggests that the study of healthcare represents a
very small fraction of published papers, and there are rare
attempts to study healthcare as a specialized context in
which IS theories need to be re-examined on the underlying
assumptions that work for other industries, but may not hold
for healthcare [8].

The application of IT in healthcare may not be straight-
forward due to the distinctiveness and complexities of
healthcare settings [35]. Fichman and colleagues high-
lighted the need for IS researchers to understand the
special features of healthcare. They pointed out “research
anchored in the healthcare context must begin by reflect-
ing on what is distinctive ... Distinctiveness of the context
drives us toward new theory or theoretical extensions that
hold greater promise to explain IS phenomenon” [15; p.
419]. To echo with the call, we start this research with the
examination of a distinct feature that is rarely observed in
other industries—the equivocal relations between hospitals
and physicians.
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3 The complex nature of hospital-physician relationships

Unlike other industries, physicians generally are not salaried
employees of hospitals; rather, they are independent health
services providers with loose contracts with hospitals.
Therefore, physicians enjoy “privileges” that entitles them
to provide medical services within the respective hospital
facility. In exchange for these privileges, physicians are
often expected to provide certain service on behalf of the
hospital (e.g. serving on hospital committees, pledging on-
call ER availability). In turn, hospitals are dependent on
these physicians as a referral base for patient volume. This
arrangement in the US health care system is a long-standing
tradition [4, 17] that has only recently shown signs of
changing with the rise of hospitalist physicians [6, 34].
Under such an arrangement, physicians benefit financially
from the facility and services of hospitals but do not bear
direct responsibility for the fiscal health of these institutions.

The complex nature of hospital-physician relationship has
profound consequences on the economics and management of
hospitals. Hospitals barely interfere with physicians’ clinical
decisions even on the use of hospital facilities [17]. In its
special investigation on healthcare costs, the New Jersey
Commission on Rationalizing Health Care Resources has con-
cluded that “physicians face little accountability for consump-
tion of hospital resources” and “hospital costs are generally
unknown to providers and patients” [34]. Because hospitals
and physicians operate on different sets of practices with
incompatible financial concemns, the link between the provi-
sion of medical service and the consumption of hospital resour-
ces is ambiguous, and the cost structure of medical treatment
lacks transparency to both service providers and patients. This
phenomenon is rarely observed in other industries and causes
public criticisms of the health care system [6, 17].

As for the management of operating rooms (ORs), the
unique hospital-physician relationship adds complexity to
the scheduling process. Since surgeons are not officially
affiliated with hospitals, they enjoy greater flexibility in
booking ORs without bearing economic consequences.
The practice inevitably leads to poor management of ORs,
one of the hospitals’ scarce and expensive resources. As
pointed out by Grote and colleagues [19], “the hospitals’
common practice of granting doctors block time in operat-
ing rooms, with individual surgeons reserving particular
rooms on a set day and time each week, imposes large
opportunity costs because not all surgeons fill up every
minutes of their block time.”

4 Research method

The first step in gaining control over an organization is to
know and understand the basic processes [12, 25, 43]. To

understand the scheduling process of OR, the study adopts
process map as the main research method to depict the
operations of a selected hospital surgery department.
Process map illustrates key activities involved in the inves-
tigated scheduling process. By defining what an entity does,
who is responsible, to what standard a scheduling process
should be completed and how the success of the process can
be determined; the ambiguity of surgery department oper-
ations can be largely reduced or eliminated. A more com-
plete understanding of the process will support further
research endeavors, such as activity analysis and process
reengineering for improving the operation efficiency of
hospitals.

4.1 Research site and process

The surgery department of a Midwestern hospital was se-
lected as the research site. The hospital is midsized with
about 2,000 employees. The surgery department has nine
ORs and employs 26 registered nurses (RNs). For each
surgery, there will be about six RNs assisting the operation.

Like many other hospitals, the investigated hospital con-
tracts with independent physicians (hereinafter referred to as
surgeons for the special research context) for the use of
hospital facility and services. Planning the use of ORs is
affected by the availability of hospital facility (i.e., ORs) and
services (e.g., anesthesia), as well as the schedules of sur-
geons. On the hospital side, an OR is operationally available
when an anesthesia team is assigned to the room. Of the nine
ORs, six to eight ORs are operationally available on a
normal business day, and the other one to three ORs remain
unassigned without anesthesia service. An OR without an-
esthesia can only be used for certain basic surgeries, and is
rarely utilized. On the surgeons’ side, ORs are reserved for
certain time blocks based on personal schedules and prefer-
ences. A surgeon can freely schedule a surgery within the
reserved time blocks. Not surprisingly, certain time blocks
such as weekday mornings are often overbooked, while
others such as late afternoons and weekend time blocks
always wait to be filled up. The hospital has tried to encour-
age surgeons to take these “unfavorable” time blocks for an
even distribution and a better management of the usage of
ORs. But with limited incentives to surgeons, little improve-
ment on OR usage has been achieved.

The surgery department has various process flow charts
to guide the execution of key activities, such as registration
and scheduling for anesthesia tests, of the scheduling pro-
cess. However, these flow charts are fragmented in that they
each address a focal activity without connection to others.
Several flow charts conflict with others in terms of the
timeframe of required paperwork, and some are ambiguous
for what documents/activities are prerequisite and what will
follow. In addition, the RNs are split into three shifts to
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assure OR availability on a 24 %7 basis. Some activities are
handled differently from shift to shift. The RNs have never
thought these fragmented flow charts as a problem in that they
have implicit knowledge of how to deal with different cases.

To develop the process map of OR scheduling, the authors
visited the surgery department several times, and interviewed
all RNs in the department regarding their job responsibilities
and relationships with each other in the scheduling process.
With generous support from both the top management of the
hospital and the department managers (managers of the sur-
gery department are also RNs), we were able to develop a
process map that is comprehensive enough to map all sched-
uling activities. The process map has been approved by the
department managers as accurately depicting the scheduling
process in the surgery department.

4.2 Results

The research resulted in the development of a comprehen-
sive process map to depict the OR scheduling process in
practice. The scheduling process is overwhelmingly com-
prehensive, involving many different parties (e.g., surgeons,
patients and patient families, RNs of the surgery department,
other hospital departments, and insurers), retrieving infor-
mation from various sources (e.g., within-hospital systems,
surgeon’s office, and interview with the patient), and de-
manding different tests (e.g., allergy tests, anesthesia tests,
and cardiac tests). In general, the process can be divided into
three stages as illustrated in Fig. 1.

The three stages include registration, pre-operation prep-
aration, and surgery operation. The scheduling process starts
with the registration stage. The initiation of scheduling is
prompted by surgeon’s request on behalf of a patient, and
is justified by the patient’s medical history and current
health condition (e.g., allergies and results of medical
tests). After medical examination and during the 2448 h
before the scheduled operation, major paperwork takes
place in the pre-operation stage, in which all necessary
documents, including the consent form, are prepared and
signed. Then, the patient arrives on the scheduled surgery
date for the operation. The last stage includes the pre-
surgery preparation (e.g., another review of medical infor-
mation and double-check on the status of the patient), the
surgery operation, and after-surgery recovery care. Upon
the discharge of the patient from a recovery room (after
the surgery operation), the scheduling process is consid-
ered completed.

Surgery,
Recovery, and
Discharge

Registration E> Pre-operation [>

Fig. 1 Process map of operating room scheduling—overview
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Although the above description suggests a logical pro-
ceeding, the scheduling process is overwhelmingly compre-
hensive, involving many discrete activities contingent upon
various decisions. Taking the first stage of registration as an
example, there are three different procedures based on the
patient’s medical conditions, including the need for anesthe-
sia and pre-operation testing. This is illustrated in Fig. 2.

Each procedure is distinct with unique set of activities.
Procedure 1 is designed for patients who need pre-operation
testing. Major activities include scheduling pre-operation test-
ing, scheduling surgery operation, interviewing, testing,
reviewing testing results, and releasing medical clearance
and cardiac clearance. These activities are illustrated in Fig. 3.

Procedure 2 is designed for patients whose surgery oper-
ations require anesthesia but personal medical records sug-
gest the waiver of pre-operation testing. Major activities
include contacting surgeon’s office, interviewing patient,
scheduling surgery operation, reviewing medical record,
and releasing medical clearance. The surgeon can recom-
mend additional pre-testing after reviewing a patient’s med-
ical conditions. In this case, the testing needs to be
scheduled and conducted in a timely fashion to avoid re-
scheduling the surgery operation.

Procedure 3 is designed for patients whose surgery oper-
ations do not require anesthesia. This may be the simplest
procedure for the registration stage. Still, much work is
required for the assurance of correct patient information.
Major activities include contacting surgeon’s office, check-
ing medical record, interviewing patient on phone, and
releasing medical clearance on medications and allergies.

The second stage is pre-operation that handles surgery
preparations on the scheduled operation day. Major activi-
ties include patient registration and documentation (e.g.,
signing the consent form), preparing for the operating suite,
facilitate patient and patient’s family to proper areas (e.g.,
lobby, pre-operation bay), anesthesia (i.e., local anesthesia
or general anesthesia), checking for treatment orders, con-
tacting surgeon, and checking on patient status. The opera-
tion could be canceled upon the review of patient’s status.

The third stage centers on the surgery operation. Before
the patient being transported to OR, another round of status
check is conducted using the SBAR (Situation-Background-
Assessment-Recommendation) technique to assure accurate
patient information and safety. After the operation, the pa-
tient will be transported to a recovery room for observation.
When certain criteria are met, the patient is discharged and
the whole scheduling process is considered completed.

The high level process map is further decomposed at
greater levels of fidelity. The diversity among patient back-
grounds adds complexity to the whole process. There are
three types of patients: in-house patients who are transferred
from other departments of the hospital, outside patients who
have no previous record with the hospital, and local patients
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Fig. 2 Process map of
operating room scheduling—
registration

who have surgery and leave the hospital same day. Each
type of patients receives different treatment during the
scheduling process due to the availability of medical records
and various surgery requirements. In addition, payment
issues such as the eligibility for Medicare need to be
addressed during the interview in the second stage of pre-
operation. Discharge also involves different procedures
based on patient types and surgery results. The patient
may walk away or be transferred to a different department
of the hospital.

The actual process map involves 102 discrete activities
and 12 decisions. The process map has been approved by
the researched hospital as valid, accurate, and complete.
Due to the large degree of details at several levels, the
complete process map cannot be presented here. Interested
readers can contact the authors for further explanation of the
scheduling process.

The process map allows us to depict a holistic picture of the
scheduling process. With enhanced understanding of hospital
operations, we are able to identify main issues that impede the
performance of the investigated surgery department.
Examination of these issues suggests several promising areas

Pre-op
Testing

Proceeding to

Pre-operation

Procedure 3 H

for IS research in the hospital industry. These issues are
discussed in the following section.

5 Discussion

During the development of the process map, we have
identified several areas that IS research can provide sol-
utions or recommendations for enhancing operation effi-
ciency. We have also found that hospital operations have
distinct features that are rarely observed in other indus-
tries. Without justifications based on careful examination
of its special operation environment, the hospital industry
may not be able to replicate the best practices of other
industries with success.

For the investigated OR scheduling process, we have
found:

5.1 Collaborative decision making in scheduling

Surgeons play an important role in surgery scheduling. The
investigated scheduling process is initiated at surgeon’s

Fig. 3 Process map of
operating room scheduling—
procedure 1 of registration

Call surgeon’s
office

Pre-testing
Start . >
scheduling

Paperwork,
surgery scheduling

Patient
arrives

Registration

Cancel
the
- B : surgery
Completion - Review testing -
e . Interview
verification requirements
Results not
normal

Review
results

Send results
to surgeon

Follow
recommendations

More
testing

Review
results

Results
normal

Results hot
normal

Follow-up

Proceeding to
pre-operation ....

Results normal
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request. During the scheduling process, RNs contact the
surgeon’s office several times for collecting patients’ data,
sending patients’ tests results and other medical information
for review, and receiving recommendations on following
procedures. Also, the actual schedule of a surgery cannot
be decided without the surgeon’s confirmation.

The hospital owns the surgery operation facility. The
actual use of the facility, however, is largely determined
by surgeons. The relationship between hospital and sur-
geons, as afore-discussed in section 2, adds complexity to
the scheduling process. Although major scheduling activ-
ities are conducted by RNs at the hospital, the scheduling
process must incorporate flexibility to allow overrides
from surgeons. Also, frequent communication with sur-
geons requires intensive data and information exchange
between the hospital and surgeon’s office. Such data ex-
change is far from seamless and demands heavy human
involvement on both sides. If the surgeon’s office and the
hospital are using different information systems for patient
data, a common situation in reality; additional work is
required on both sides for manually collecting, retrieving,
and sharing data.

With the joint involvement of surgeons and RNs, the
scheduling process can be viewed as a collaborative
decision making process in which the hospital and a
surgeon collectively schedule a surgery operation upon
the availability of OR, the surgeon’s schedule, and the
patient’s medical situations. Thus, IS research on group
decision support system (e.g., [3, 13, 14, 42]) may
provide a valuable reference for rethinking the schedul-
ing process. For example, Dennis [13] studied informa-
tion exchange and use in group decision making and
found that the use of group support systems enhanced
the efficiency of information exchange by about 50 %.
Barkhi [3] approved that group decision support systems
with features supporting problem modeling outper-
formed systems without such features. Sasaki [42] ex-
amined the critical point of strategy selection during
group decision making process and proposed a comput-
ing theory for collaborative and transparent decision
making under time constraint. Turban and colleagues
[44] studied the use of social software in virtual group
decision making. These studies provide valuable insights
on how to improve decision making process, especially
with the help of advanced group decision support sys-
tems. However, the hospital industry does have unique
features, such as different interests/preferences within
the group (i.e., between surgeons and RNs), and unbal-
anced distribution of authority in decision making, that
have not been well studied in the existing literature. The
area of collaborative decision making in hospital oper-
ations will be an interesting and challenging arena for
IS researchers.

@ Springer

5.2 Process reengineering for operation efficiency

The efficiency of OR scheduling process is critical to the
full usage of OR resources. The nature of the hospital-
physicians relationship implies that the hospital does not
have direct control on the planning and the actual schedul-
ing of OR usage. Either surgeons or patients can easily
switch to a different hospital. Therefore, a smooth and easy
scheduling process that facilitates the completion of surgery
operations will unquestionably enhance OR usage and in-
crease revenues for the hospital. It is not rare that patients
decide to switch to a different hospital due to the delay or
harassment in the scheduling process.

Recognizing its importance to the overall organizational
performance, the hospital of study has spent significant
resources on the scheduling process. On average, one pa-
tient will receive assistance from 3 RNs and spend more
than 90 min to go through the scheduling process in addition
to any medical treatments. The cumbersomely complicated
process, as illustrated in Figs. 1, 2 and 3, may be considered
as an industry standard. But from a business process reen-
gineering perspective, the scheduling process can be simpli-
fied and streamlined for increased efficiency.

The IS community has long concluded the importance of
having streamlined processes for operation efficiency.
Worldwide competition and changing business environ-
ments, such as globalization, political realignments, and
the rapid advance of information technology, encourage
companies to consider business process reengineering as a
powerful means for improving performance [7, 28]. Various
methods and tools of restructuring existing processes have
been developed and tested [27]. However, existing literature
has not placed much attention to the unique context of the
hospital industry. Introducing business process reengineer-
ing in healthcare in general, and in the operating room
scheduling in particular, is another promising area for IS
research.

5.3 System integration for information sharing

There are different information systems being used in the
scheduling process. With a significant overlap in information
coverage (for example, all systems provide basic information
of patients), these information systems are used for different
purposes and are not integrated. Therefore, RNs often access
different information systems for patient data, operation
schedule, staff availability, and OR status. Obviously, the
coexistence of various systems has increased the workload
of RNs and lowered operation efficiency of the surgery de-
partment. An integrated system will solve the problem.

IS researchers have long recognized the importance of sys-
tem integration and its derivative of data integration to the
success of modern organizations. For example, Goodhue and
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colleagues [18] have discussed the benefits of data integration
in improving communication and operational coordination
across subunits within an organization. Having different sys-
tems coexist leads to “informational fragmentation” [33] or
“functional silos” [5], and results in the loss of operation
efficiency as “dysfunction, redundancy, and waste” [41; p.
502]. The need for system integration has been widely accepted
among IS researchers and business practitioners, as concluded
by Hasselbring [20] that “to support the intraorganizational
business processes within organizations effectively, the existing
information systems must be integrated” (p. 33—34).

In the hospital industry, however, system integration may
have a different meaning. Miller [32] described four types of
system integration in healthcare: the creation of integrated
firms and contractual networks, clinical integration, physi-
cian/system integration, and functional integration. Of the
four types, only functional integration suggests an integra-
tion of key support functions and activities for coordination
across operating units; other types of system integration deal
with the collaboration among healthcare networks, hospi-
tals, clinic offices, and other health-service providers. The
healthcare system integration literature has emphasized the
broad-scope integration beyond the boundary of one hospi-
tal or one healthcare facility (e.g., [22, 29, 38, 47]). In
contrast, within-organization system integration has re-
ceived less attention among healthcare researchers. It will
be desirable for IS researchers to study system integration
especially in hospital operations.

5.4 Technology adoption

In the surgery department of study, we have observed that
RNs prefer reading paper-based reports to reading on
screen. Although the information can be retrieved from
computers that are conveniently located at every corner of
the department area; RNs repeatedly print out hardcopies for
reviewing patient information or surgery schedules. RNs in
the surgery department have even developed and standard-
ized a special practice for handling the print copies: every
morning a designated RN prints all patient forms and
archives them into different folders; these folders are placed
in the order of surgery schedules in a designated cart located
next to the center desk of the department. A folder will be
discarded only when the surgery is completed and the pa-
tient is discharged from the recovery room.

The information technology trend suggests that more in-
formation will be digitized in future. Not only does efficient
operation require fast and accurate acquisition, process, trans-
mission, and presentation of information through digital me-
dia; the increasing concerns of social responsibilities and
environmental impacts have driven many organizations to
adopt “paperless office” and other “green IT” practices. It
can be foreseen that more information technologies will be

implemented in the hospital operation floors. Healthcare
workers need to adapt their behaviors accordingly. Taking
the consumption of paper as an example, print-out copies, if
not totally disappear, will see reduced use in workplace.

IS researchers have established a solid tradition of study-
ing the adoption of new technologies. Theories, such as
technology acceptance model [11, 45], innovation diffusion
theory [26], and computer self-efficacy [9, 10, 21] have
already served as references for researchers of other disci-
plines to study the impacts of technology on individual
behavior and organizational practices. The issue of how to
facilitate the adoption of new technologies among health-
care workers should be of interest to many IS researchers.

In summary, hospital operations are complex and have
many distinct features that are not common in other industries.
There are several promising areas for fruitful IS research. But
before committing significant research endeavors, we need to
develop a good understanding of the special operations and
practices in the hospital industry.
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