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Implementation of large Health Information Technology (HIT) systems is critical to healthcare organiza-
tions and has seen heavy investment. However, research has not fully explored the adaptation of HIT
systems, particularly the tensions between individual flexibility and organizational needs in the adaptation
process. This study analyzes how Emergency Department (ED) clinicians adapted to a new hospital-wide
Electronic Medical Records (EMR) system. We present four adaptation cases revealing two interrelated
types of adaptations—technical and organizational—as responses to the new system in use. First, individual
clinicians respond to the immediate alteration in workflows caused by the EMR, while the organizational
adaptations later mitigate the changes in healthcare quality control resulting from the clinicians’ initial
adaptation. Our analysis reflects the critical nature and value of both adaptation types, with an emphasis on
the triggers and process of organizational adaptation, for the successful implementation of a socio-technical-
political system in a healthcare organization.
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1. INTRODUCTION

Technological adaptation is widely studied in the process of information system imple-
mentation [Leonard-Barton 1988; Orlikowski and Hofman 1997; Tyre and Orlikowski
1994]. During the adaptation process, problems and contingencies that were not appar-
ent before the implementation can be identified as users to adapt their behaviors to ac-
commodate the needs of the newly implemented technologies [Rosenberg 1982; Dutton
and Thomas 1985]. Technological adaptation is defined as the process intended to
modify new technology or aspects of the operating context, including the users’ skills or
procedures [Tyre and Orlikowski 1994], to make the newly implemented system work.
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Despite a government initiative on implementing Health Information Technology
(HIT) systems [Hillestad et al. 2005], hospitals are lagging behind in adopting these
large HIT systems [DesRoches et al. 2008; Jha et al. 2009]. After the HIT implemen-
tation, clinicians and staff are expected to maintain and optimize their work perfor-
mances with the use of the new system. However, the introduction of HIT systems,
including Electronic Medical Record (EMR) and Computerized Physician Order Entry
(CPOE), often slows down individual providers productivity and often leads to unin-
tended consequences, such as extended documentation time [Cyert and March 1963;
Poissant et al. 2005], increased workload [Richardson and Ash 2008], incompatible
workflow [Cyert and March 1963; Saleem et al. 2011], and even system-induced medi-
cal errors [Han et al. 2005; Koppel et al. 2005]. To alleviate these problems, clinicians
often engage in various problem-solving strategies. One typical strategy is to create
and use “workarounds” to accommodate the unintended impacts to their work prac-
tices [Azad and King 2008; Koppel et al. 2008; Niazkhani et al. 2011; Saleem et al.
2011; Vogelsmeier et al. 2008]. Workarounds are used to improve work processes, to
bypass the deficiencies or issues of new technology, or to cope with unexpected issues
after system deployment. For example, one study found that nurses use safety alert
overrides and documentation shortcuts to minimize workflow disruption in the use of
the electronic administration medication (eMAR) system [Vogelsmeier et al. 2008].

While system adaptations and workarounds have been widely studied in past HIT
literature, the majority of them focus on adaptation behaviors made by individual
users, by studying how individuals modify their behaviors to meet increased demands
imposed upon them by the newly deployed technologies, for instance. Less is known
about how organizations respond to the impacts of these new technologies, and how
organizations strive to manage the quality of work practices that may be jeopardized
by individual-level adaptations (e.g., overriding medication alerts). One recent piece of
work [Novak et al. 2013] on HIT implementations in two organizations reveals that,
in addition to individual-level adaptations, organizational-level adaptation efforts also
occur; these may include reconfiguring the functions of the technologies, designing
new bridging artifacts, and modifying work policies to be more technology friendly.
Nevertheless, as the authors noted in the paper, this research reveals only minor
organizational adaptations, without looking at the relationship between the two types
of adaptations. This research calls for a more systematic approach to studying different
types of adaptation behaviors and how they evolve.

Indeed, the need for studying organization level adaptation particularly arises when
an organization has unique goals to maintain throughout the implementation process.
In the domain of the study of this research, the primary goal of healthcare organiza-
tions is to improve the quality, safety, efficiency, and effectiveness of health care for
all patients [Armijo 2009]. Many healthcare organizations have expected information
systems to improve both the efficiency and quality of their patient care, as well as
facilitating quality measurement [Armijo 2009]. Upon system implementation, these
health organizations set up and deploy various policies and regulations to manage and
control the quality of their clinicians’ performances [Black et al. 2011]. While adapta-
tions initiated by individual users, such as workarounds, help improve work efficiency
and productivity, they may also reduce the reliability and consistency of work processes
by potentially violating the policies and regulations set in place by the health organi-
zations. In some cases, it can jeopardize patient safety, diminish care quality, and lead
to adverse healthcare outcomes [Ash et al. 2004; Niazkhani et al. 2011]. Therefore,
it is important to investigate how organizations standardize and control adaptation
behaviors to meet the critical needs of quality control in such a highly reliable field.
The latter control process, at the organizational level, has seldom been studied in prior
HIT implementation and adaptation literature.
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To explore the ways in which organizations address the unintended consequences
of information system implementation, we conducted a qualitative study on the adap-
tation of an EMR system in an Emergency Department (ED), affiliated with a large
teaching hospital. Specifically, we focused on the behaviors clinicians engaged in while
adapting to the new system and how the department created consequent controls to
make sure these adaptation behaviors fit into the organizational context. We describe
four adaptation cases that each illustrates a clinicians’ initial problem-solving effort,
and the following responses taken by the organization in managing these adaptation
behaviors. Our findings reveal that there are two phases of the adaptation process, each
with its own distinct goal. First, clinicians engage in individual efforts to make the in-
formation systems work and easy to use; and second, at the organizational level, the ED
leadership adapts their policies and practices to make sure the individual efforts meet
the quality requirements set forth by the health organization. In this article, we refer
to these two adaptation stages as technological adaptation and organizational adapta-
tion. In our study, we define technological adaptation as the approaches employed by
individual users to address the immediate impact introduced by the system in order
to make system use possible and easier. Second, organizational adaptation consists of
approaches used to mitigate the consequences resulting from initial technological-level
adaptation (e.g., clinicians’ workarounds) by setting up new policies and guidelines at
the department/organization level. This two-phased adaptation process is necessary
in healthcare organizations because work productivity and quality measurements are
equally essential in such a highly reliable environment.

In particular, the significance of this study lies in the identification of the interrelated
nature of these processes of technological and organizational adaptation in a domain
that is known for its high safety and quality standards. Prior studies have noted both
types of individual adaptations—direct technological impacts and organizational-level
adaptations that aim to minimize these impacts in a more standardized manner. How-
ever, to our best knowledge, no study has examined the goals, triggers, process, and
relationships between the two levels of adaptation processes systematically in the HIT
field, especially the association between the organizational-level adaptations performed
by administrators and policy makers, and the technological-level adaptations by indi-
vidual users. In this study, we report how users’ initial responses to new technologies
(i.e., technological adaptation) lead to consequent policy, personnel, and rule changes
in organizations (i.e., organizational adaptation). More importantly, we find that these
organizational adaptations are guided by the unique goals and needs of health or-
ganizations that are highly regulated and controlled, which differs from technology
adaptation in many other workplaces. Although organizations sometimes modify their
policies and physical infrastructure to meet the needs of upcoming technology rollout,
we want to note that our study focuses on technology adaptation after system imple-
mentation. We believe the identification of this dual-phase process of technological and
organizational adaptation is crucial for highly reliable domains where work practices
have to follow strict standards and quality control criteria, as they do in the healthcare
field. Our analysis further points to the critical value and needs of organizational-level
adaptations for successful and mindful socio-technical-political system adaptation. By
revealing the dynamics between these two interrelated, but coevolving adaptation pro-
cesses, this study provides a deeper understanding of how technology implementation
is handled in organizational settings, and how organizations should respond to increas-
ingly common technological adaptations.

2. RELATED WORK

Technology adaptation has been widely studied in organizational and social behav-
ioral literature. Adaptation is commonly viewed as the process intended to modify
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new technology or relevant aspects of the operating context, including users’ skills or
procedures [Tyre and Orlikowski 1994]. Current literature provides multiple ways to
conceptualize technology adaptation in organizations. The initial studies in technol-
ogy adaptation treated technology as an independent factor that did not interact with
the social context in which it was situated (e.g., Huber [1990]); later studies began to
view technology as part of a complex process where technology and social processes
mutually influence each other over time [Grudin and Palen 1997; Barley 1986; Locke
and Lowe 2007]. In this latter view, some authors focused on the role of human agency
in influencing technology in practices [Orlikowski 2009; Broudreau and Robey 2005].
Recent studies suggest another perspective, where technology is part of a relational
ontology where the social and the material are inherently inseparable and must be
considered as whole in practices [Latour 2004; Orlikowski and Scott 2008] or a process
of imbrication [Leonardi 2011].

In addition to the various perspectives toward adaptations, past literature has also
introduced various models that viewed adaptations: a discontinuous pattern after ini-
tially intensive adaptation activities [Tyre and Orlikowski 1994]; a sporadic and ongo-
ing process of altering existing conditions and structures of the group/organizational
environments [Majchrzak et al. 2000]; a constant fabrication of the system [Locke and
Lowe 2007]; a group knowledge sharing activity [Convertino et al. 2007]; a mutual
transformation between technology and its environment [Leonard-Barton 1988]; and
a routinization process [Goh et al. 2001]. However, even though these prior studies
provide different understandings and perspectives on the adaptation process, few re-
searchers have looked at what motivates users to actively adapt to new systems, how
individuals’ adaptation behaviors might impact practices at the organizational level,
and how such impacts are regulated and controlled in organizations. In particular, prior
studies have seldom examined high-reliability domains like healthcare organizations,
where strict organizational regulations and procedures are mandatory in comparison
to user performances that can be initiated at the individual level.

Technological adaptation has been recently studied in the healthcare domain since
numerous HIT systems have been introduced and implemented, with hopes of improv-
ing efficiency, patient safety, accountability, and billing [Hillestad et al. 2005; Wang
2003]. Many studies have examined technological systems that are deployed in clinical
practices, such as EMR systems [Ash et al. 2004; Boulus and Bjorn 2010; Cyert and
March 1963; Hersh 1999]; bar code medication administration systems [Koppel et al.
2008; Patterson et al. 2006]; a computerized medication dispensing system [Azad and
King 2008]; and a computerized prescription order entry system [Zhou et al. 2011,
Niazkhani et al. 2011]. These HIT systems offer many benefits to healthcare practices,
including easy access to patient information and better administration of patient med-
ication [Kaptelinin and Nardi 2006]. However, failures or unintended consequences of
using these systems have been frequently reported in prior literature. These include
prolonged documentation time [Cyert and March 1963; Poissant et al. 2005], increased
interruptions [Richardson and Ash 2008], system-induced medical error [Ash et al.
2004; Kobayashi et al. 2005], incompatibility with clinical workflow [Cyert and March
1963; Saleem et al. 2011], and even increased mortality rate [Han et al. 2005].

In medical literature, clinicians’ adaptation to a new system is often discussed as
workarounds. A “workaround” is a specific type of adaptation that is widely reported
in HIT implementation literature (e.g., Koppel et al. [2008] and Novak et al. [2013]).
Workarounds are ways of overcoming an impediment or problem brought on by the
newly deployed IT system and the efforts initiated by clinicians in making the system
easier to use [Azad and King 2008; Zhou et al. 2011]. Many studies have reported
the emergence of workarounds after system deployment and their potential negative
impacts on the quality of healthcare practices. For instance, when nurses used extra
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copies of bar codes, instead of scanning patient armband or medications, to work around
the inefficiency introduced by the newly deployed bar coded medication administration
(BCMA) systems, this might put patient safety at risk because the important safety
checks required by the BCMA system could be missing [Halbesleben et al. 2010; Koppel
et al. 2008]. Thus, the benefits of these HIT systems may be undermined by the risks as-
sociated with these workaround behaviors, resulting in the need to alter the technology,
the work process, or management policies related to medication management.

As we have shown before, clinicians’ use of workarounds can be problematic from
the organizational perspective because adaptation behaviors may vary from person to
person, and thus affect the standardized, consistent, and quality-assured work prac-
tices health organizations strive to maintain. Different from many other organizations,
the goal of health organizations is not only to get work done effectively and efficiently;
there are also numerous policies and regulations that dictate how such practices should
be performed in order to ensure the quality and safety of patient care [Armijo et al.
2009]. Instrumental to this are organizational and management structures to support
the design and implementation of quality improvement initiatives and the creation of
mechanisms for the accountability of care [Glickman et al. 2007]. The role of leadership
and organizational-level decisions has been emphasized in several studies with regard
to the implementation of quality improvement mechanisms in organizations. In a sur-
vey of 2,193 community hospitals, Weiner et al. [1997] found that an active involvement
of senior administrative leadership, including hospital management and physician rep-
resentation, promoted quality improvements in the participating hospitals. Lukas et al.
[2007] also claimed that an important factor in successful organizational change and
adaptation is the concept of “alignment,” which maintains, regardless of the deploy-
ment of IT systems, consistency in plans, processes, information, resource decisions,
actions, results, and analysis to support key organization-wide goals.

The adaptation behaviors described earlier may have helped clinicians get work done
with the system in use, but did not always follow the policies and regulations of the
health organizations in maintaining the quality of their work practices. From the per-
spective of the organization, certain adaptation behaviors may even lead to various
safety hazards for the patient, inconsistencies in care plans, and poor healthcare out-
comes [Koppel et al. 2008; Novak et al. 2013; Niazkhani et al. 2011]. Yet, prior studies
on clinical workarounds do not cover the questions of how leadership/institutions cope
with the unintended consequences of individually initiated workarounds, and how or-
ganizations manage behaviors to standardize and guarantee quality care following the
technological adaptation period.

To answer these questions, this study investigates the IT adaptation process of a
newly deployed EMR system at both the individual and organizational levels in an
emergency care setting. Specifically, this study intends to answer two questions. First,
how do individual users and a health institution respond to HIT implementation; and
second, how do institutions respond to the unintended consequences of the adapta-
tion behaviors of individual users’ adaptation behaviors to meet healthcare practice
objectives and requirements.

3. METHOD

This study was carried out in an ED at a large teaching hospital located in Southern
California. A large-scale comprehensive EMR system, which was designed by a ven-
dor company and was locally customized at our field site, was deployed in the ED. To
examine the user adaptation process, we started our fieldwork in May 2010, about 3
months prior to the EMR deployment. Our study continued for 9 months after the EMR
implementation to obtain a comprehensive understanding of the impacts and longitu-
dinal adaptation behaviors in response to the system. This period of time provided us

ACM Transactions on Computer-Human Interaction, Vol. 22, No. 1, Article 1, Publication date: February 2015.



1:6 S. Y. Park et al.

ED3
. rse
P

Triage * Patient rooms
Waiting 4 Trauma rooms
Room

Front ¥ Printers

Desk

Fig. 1. A map of main ED area.

with a unique opportunity to observe the user adaptation behaviors performed by the
individual ED clinicians, as well as the consequent responses at the organizational
level. Then, we briefly followed up about 6 months after to just see how things were
going at the field site.

Since the EMR deployment, ED clinicians have been using the system to perform
their daily work: Doctors use the EMR to generate patient records, such as admission,
progress, and discharge notes, and to perform ordering tasks such as labs, medications,
or x-rays; triage nurses document their assessment notes in the system; and bedside
nurses record their nursing care plans and conduct order-related tasks in the EMR.
Other documents, such as patient flow sheets, are still in paper format at present.

3.1. Setting

The primary goal of ED medical practice is to rapidly stabilize patients’ medical condi-
tions and decide either to admit or to discharge them. The ED being studied consists
of six areas: waiting room, triage, ED1, ED2, ED3, and the doctors’ charting room
(Figure 1). The waiting room is where arriving patients (except trauma patients) check
in at the front desk, then wait to be triaged. In the triage room, nurses perform an
initial assessment of a patient’s condition and quickly determine its urgency before
handing the patient off to a nurse in one of the ED units. The ED units are divided
into sections by the severity of patient illness, ranging from ED1 for the most severe
illnesses to ED3 for the least severe. In addition, each ED unit has a nursing station
where nurses of the unit stay and work during their shift. ED doctors often stop by to
talk to nurses, and use the computers and printers at the nursing stations. Lastly, the
doctors’ charting room is a separate room for doctors to document patient information,
enter orders, and discuss patient cases. The charting room is located at the center of the
ED, allowing doctors to conveniently walk into different ED units to check on patient
conditions.

3.2. Data and Data Collection

We completed a qualitative field study using ethnographic methods. Two researchers,
including the first author, conducted field observations and other data collection, such
as informal and semistructured interviews with ED clinicians. The goal of these re-
search activities was to gain an in-depth contextual understanding of how ED clinicians
carried out their work prior, during, and after the EMR deployment, and how different
behaviors and strategies were developed in supporting clinicians’ work practices. In

ACM Transactions on Computer-Human Interaction, Vol. 22, No. 1, Article 1, Publication date: February 2015.



Technological and Organizational Adaptation of an EMR System Implementation in ED 1.7

Table I. Data Collection Including Method, Participants, and Time Spent

Data collection methods.
Number of Data Collection

Role Data Collection Method Participants Time (in hours)
Attending Observation 9 40.5
Physicians Interviews 3 2
Residents Observation 12 60

Interviews 5 3.3
Nurses Observation (Informal 23 122.5

interviews included)

Total data 228.3
collection time
Total number of 46
ED staff observed

the study, we shadowed clinicians’ day-to-day work and followed artifacts and patient
flows (e.g., paper charts, and admission and discharge processes) to understand their
work practices and workflows from a variety of perspectives. We also observed staff
meetings, such as nurses’ shift meetings. The study was approved by the hospital’s In-
stitutional Review Board (IRB). All the study participants verbally consented following
our IRB requirements.

We have conducted a total of 230 hours of field observations over an approximately
1-year period (Table I). Each session ranged from 2 to 7 hours. Observations took place
during both day and night shifts, weekdays, and weekends. In particular, we studied
12 residents, 9 attending physicians, 3 charge nurses, 15 registered nurses (including
both triage and room nurses), 2 float nurses, 2 front desk clerks, and 1 hospital unit
service coordinator. In addition, we have interviewed 8 doctors and 15 nurses to gather
clinicians’ perceptions and opinions regarding the EMR implementation and other
related issues, such as the workarounds, that emerged post EMR deployment. The
semistructured interview explored the following three sets of questions:

—How clinicians perform their work practice (e.g., consultation, documentation, com-
munication, hand-offs) before and after EMR deployment;

—How EMR affects the clinicians’ workflows and how they deal with changes;

—~Clinicians’ perceived challenges and expectations for system deployment.

Interviews were recorded and transcribed for analysis. Audio recordings were discarded
after transcription and the data were available only to the research team and were kept
secure, as instructed by our IRB protocol.

To analyze the observations and interviews, we reviewed all the data collected in the
study to understand the ED clinicians’ adaptation, with special attention to how these
behaviors first emerged, and then evolved over time. Initially, we used various dia-
gramming methods [Beyer and Holtzblatt 1997], including communication diagrams,
information flow, and artifacts diagrams, to understand the process of ED work prac-
tices from multiple perspectives. We also coded the field notes, including informal
interviews and conversations held with participants during the course of fieldwork
to obtain insights regarding clinicians’ perceptions and motivations pertaining to the
adaptation of the EMR-based work practice. These initial analyses helped us map out
when and how the EMR system was used at work. Then, we used the open coding
approach via the grounded theory approach [Glaser and Strauss 1967] to look for re-
curring themes regarding the differences in work processes before and after the EMR
rollout. In the opening coding method, each of three authors independently and con-
tinuously compared each incident, event, quote, and instance gathered during the data
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collection to look for similarities and differences. Weekly discussions were held to in-
terpret the meanings and themes from the beginning of the study. We made sure the
three researchers reached agreement about the findings of the study. Coding categories
reflected a variety of behaviors of the study participants and covered both positive and
negative views toward the implementations.

After adaptation emerged as the key theme from the initial analysis, we followed a
process of comparing the data on clinicians’ work practices before and after the EMR
rollout. We extracted different types of adaptation behaviors from the data, then re-
analyzed them into different categories according to the goal, stakeholders involved,
and the timing when these behaviors appeared in the ED. After different adaptation
behaviors were identified in the data, we then followed up with each one to trace how it
was used by ED clinicians, and how it has been continually used or modified after the
initial creation. This analysis revealed another stage of the adaptation process in our
field site that was intended for organizational control and quality maintenance (e.g.,
“violation to patient privacy”). The latter form of the adaptation process was much
more nuanced and was identified only after the initial analysis was completed. The
longitudinal data collected in this study afforded us a unique opportunity to reveal this
intertwined two-stage adaptation process. During the data analysis, we discussed our
initial findings with participants through a series of informal conversations to clarify
any misconceptions and verify the validity of the themes identified in this study [Klein
and Myers 1999].

4. FINDINGS

Although carefully designed and customized, the deployed EMR system was found to
lead to many difficulties in clinicians’ work practices. These difficulties consequently
made clinicians find ways to adapt to the newly deployed system in order to overcome
or optimize these challenges. The initial adaptation was to help individual clinicians
accomplish their tasks more efficiently by reducing the immediate difficulties encoun-
tered with the system in use. However, many of these initial adaptations brought
in unintended effects, which posed potential threats to the organizational goal of
managing the quality of care. The effects of the initial adaptation thereby led to the
development of additional problem-solving efforts at the organizational level. In this
section, we describe the adaptation process that individual clinicians and the ED
department engaged in through four cases extracted from our field study: (1) managing
privacy after ED doctors’ personal note use, (2) revised workflow and workload after
centralized printer use, (3) information quality control after use of tailored triage ques-
tions, and (4) policy and role creation for expediting patient flow. These cases elucidate
the typical adaptation behaviors both from the perspective of individual users and from
the collective goal of health quality in the ED. We chose these four cases as examples
in this article because they cover the two-phased adaptation processes from multiple
perspectives, including informational artifacts, workloads, work processes, and work
roles. We believe these diverse cases serve as the best scenarios to illustrate the critical
needs for having both technological and organizational adaptations in the healthcare
domain.

In each case, we will describe the two-phased adaptation process: first, the individ-
ual’s initial adaptation to the system deployment, and then, the subsequent organi-
zational adaptation intended to address the negative consequences resulted from the
individual’s response.

4.1. Case 1: Managing Privacy after Personal Note Use

Soon after the EMR implementation, ED doctors started using personal notes to work
around the system because the EMR could not support collecting, retaining, and
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— }\

Fig. 2. Personal note use (carried by doctors). Fig. 3. Personal notes left on the desk from another
resident after charting at computer.

transferring information from the patients’ bedside to the computer. The initial
workaround of paper notes served as a memory aid to overcome the inconvenience
brought by the EMR system. With the EMR system in use, ED doctors found the
computer system could not support bedside documentation efficiently, as the doctors
felt that typing out all the required information in front of patients was too time-
consuming, and they preferred to have natural, face-to-face interactions with patients.
As a result, doctors had to memorize all relevant information they had gathered at
the bedside in order to document it later in the charting room. Memorizing patients’
information is particularly challenging when a doctor has to take care of multiple pa-
tients at the same time. To make the deployed system fit in their actual workflow,
doctors therefore created a workaround to use paper notes as a memory aid (Figure 2).
On the personal notes, doctors first jotted down basic information for each patient (e.g.,
bed number, age, chief complaints, medical history), and then updated these notes
to record new procedures and medications. As we observed in the study, ED doctors
actively developed different customized strategies in using the personal notes: Some
compiled a set of questions to mirror the structure of the formerly used paper charts;
others even drew separate tables to organize multiple patients’ information to manage
multiple patients’ situations concurrently. The use of personal notes was an adaptation
behavior ED doctors actively engaged in to make their work easier to perform, and to
make the deployed system workable.

Despite the benefits of having these personal notes at the ED, this convenient, hy-
brid paper-electronic documentation introduced new concerns among the ED leaders
regarding patients’ privacy. Most of the notes contained private patient information,
and should have only been accessible to those involved in the patient case. As observed
in the study, paper notes were, at first, discarded everywhere after use—piled up on
desks in the charting room, left next to computers at nursing stations, and left in scrubs
or lab coats previously worn by ED doctors (Figure 3). Sometimes the notes were even
brought out of the ED environment accidently. Since there were no rules regarding
how to manage the paper notes when the workaround was first developed, paper notes
were easily misplaced or left unattended after use.

In order to address the concern of potential privacy breaches, the associate chief
medical information officer, who was also an ED attending physician, suggested all ED
doctors utilize electronic “triage printouts” as their personal notes. Using triage print-
outs instead of random paper scraps, allowed doctors to easily recognize and distinguish
personal patient notes from other papers, and prevented doctors from taking notes on
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patients on random paper scraps. Similarly, a “shredder box” located in the charting
room was deployed to manage paper notes in a centralized manner.

Doctors were required to discard their notes in the shredder box after use. The col-
lected notes in the secure shredder box were then disposed of centrally by the ED
department. After this new internal rule was implemented, the use of triage print-
outs as personal notes and discarding of them in the shredder box soon became com-
mon practices in the ED. Now, all the private information documented in the initial
workaround is controlled centrally. This collectively adaptive behavior enacted at the
department level enabled the ED to control the distribution of personal notes and
protect the patient privacy that may have been at risk by the initial behaviors of the
doctors.

This case of personal notes clearly demonstrates the importance of the two-phased
adaptation process in the ED. First, to continue working with the newly deployed
system, doctors used paper notes as a memory aid for remembering patient care infor-
mation. This initial adaptation worked around the original system design, and made
intensive ED documentation work possible. Nevertheless, this initial workaround soon
led to another issue in the workspace—the possible mismanagement of the private
patient information in the doctor’s notes. Second, to address the consequence of this
workaround, the ED administrator decided to manage, store, and discard the used per-
sonal notes through a single, reliable disposal method (the shared shredder box) and
through a single physical medium (triage printouts). The latter phase of the adaptation
was for the ED to prevent any potential negative impacts resulting from the doctors’
initial adaptation to the new technology.

4.2. Case 2: Revising Workflow and Workload After Using a Centralized Printer

The use of the EMR did not only change the clinicians’ documentation process, it also
impacted the ways in which clinicians processed orders. Prior to EMR use, ED doctors
could print out transmittals using any computer and any printer. A transmittal is a
printed copy of an electronic lab order that must be sent along with each lab sample in
order to verify the status of the order. After the transmittals were printed out, doctors
would bring printouts to the nurses so that the nurses could administer the orders.
Nevertheless, after the EMR deployment, for security reasons, doctors were no longer
able to print the transmittals in the old means; the system only allowed doctors to print
the transmittals from the computer in which they had initially logged on. Because of
this, doctors were not able to print orders out at just any printer. Instead, they had
to remember which computer they first logged in on to know where the transmittals
would be sent. As a result, many ED doctors constantly complained about not being
able to retrieve printed transmittals from the right machines. To fix this problem,
the associate chief medical information officer reported the printing problem to the
hospital IT department, and the IT team redesigned the printing system to make all
transmittals print from a single printer located in ED1 (see Figure 1). This change
simplified the previously mentioned issue by allowing doctors to use any computer to
print, with the printouts coming only from the ED1 printer.

However, despite the convenience of locating printed orders in the initial adaptation,
using the centralized ED1 printer complicated the ED doctors’ workflow significantly
because they now had to walk to ED1 to pick up transmittals, a location that was often
far away from patient rooms, particularly for ED3 (see Figure 1). Consequently, this
change caused many interruptions in the ED doctors’ workflow because doctors had to
go over to the printer at ED1 to pick up the transmittals frequently. To overcome this
inconvenience, doctors often asked other residents or nurses to pick up printed copies
on their way to or from ED1, or waited until three or four orders were printed so that
they could pick them up all at once. When doctors were busy, they occasionally even
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forgot to pick the orders up. During the observation, we saw the printed transmittals
pile up on the ED1 printers, leading to the possibility of misplacement or delay in
patient care.

To address the possible problems of lost transmittals and delays in patient treatment
brought about by this initial adaptation process, ED clinicians later unanimously made
a decision to shift the task of printing transmittals from doctors to nurses. It is now
the nurses’ responsibility to check orders, and print and pick up transmittals after
the doctors enter them in the system. Although this new work process seems to give
more tasks to nurses, surprisingly, most nurses enjoyed having more control over the
ordering process because they were able to execute orders more quickly, instead of
waiting for doctors to pass them along. This change in responsibility also allowed
doctors to concentrate more on their own work without being interrupted to pick up
and send transmittals to the nurses. Doing so also eliminated potential delays in the
patient care process. Shifting responsibilities pertaining to the transmittals improved
work efficiency for both doctors and nurses and ensured continuity within the patient
treatment process.

In the printing of transmittals case, our study revealed that the inflexibility and
inconvenience of the initial printing setup forced ED administrators to create a cen-
tralized printing system as the initial adaptation in allowing easy printing within the
EMR system. Nevertheless, upon discovering that the centralized printing system also
distracted doctors from their workflow and caused a delay in the ordering process, ED
clinicians then redistributed the transmittal management responsibilities from doctors
to nurses. The latter adaptation, notably, does not change the design or configuration
of the system, but rather changes the workflow and workload shared between ED
nurses and doctors. This adaptation was made at the organizational level, where a
norm was developed based on the shared understanding and expectation among clin-
icians in order to achieve the collective goals of work effectiveness and patient care
quality.

4.3. Case 3: Controlling Information Quality and Use of Tailored Triage Questions

Similar to the case with the doctors’ electronic documentation practices, the shift to
a digital system in the triage room also led to a two-phase adaptation in optimizing
the triaging process. The goal of triage is to conduct an initial medical assessment and
quickly decide to which ED unit the patient should be admitted. Triage nurses are
responsible for gathering necessary information from the patient in order to make a
rapid decision about a bed assignment, and filling out the Medical Screening Exam
(MSE) form. The MSE form is then shared with ED doctors and bedside nurses. Com-
pared to paper forms, the electronic MSE dramatically increased triage time in the
ED. This is because the paper MSE covered only key questions (e.g., medical history,
allergies, or medications) that could be completed in 5—7 minutes, whereas the elec-
tronic MSE requires at least 10-15 minutes to complete. This detail-driven but more
time-consuming documentation resulted in prolonged triage documentation and made
the triage a bottleneck of ED patient flow.

To speed up the triage process, nurses developed a workaround through “tailoring”
the questions in the electronic MSE form by asking only selected questions they be-
lieved to be relevant for a given patient. The use of tailored questions reduced the
triage charting time to almost the same as paper charting and helped nurses move
onto the next patient quickly. However, despite the shortened triaging time, this initial
workaround led to a new problem of information inconsistency and that could jeopar-
dize the quality of patient care, since there was no standard on how questions should
be tailored. Sara, charge nurse told us:
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“There’s no consistency. So, not everybody is always checking all the same boxes. Some people—there are
certain things that are supposed to be checked, but not everybody is checking it. Like, they ask you, have
you had a recent weight gain or weight loss? And Marla (educator) tells us that’s important. But not
everybody’s clicking those two boxes. And it’s a yes or no question. So, there are some inconsistencies, as
when people are triaging.”

As Sara indicates here, the question-tailoring process was largely done by individual
nurses and lacked consistency on how questions should be selected. Nurses could ask
different questions based on their own preferences. As our observation showed, when
reviewing the MSE during patient consultations at the bedside, ED doctors sometimes
found that, for patients with similar illnesses, different information had been collected
and sometimes crucial information about a patient’s medical history was missing in
the notes.

To resolve this issue, the ED clinical educator, who examines clinical requirements
for the entire department, redesigned and deployed a new version of the electronic
MSE, called Rapid Screen Exam (RSE), to be used in the EMR system. Different
from electronic MSE, RSE includes a short list of required questions, such as chief
complaints, height and weight, vital signs, medication list, and any medical history
related to the current complaint. It also has a flag function that uses exclamation points
and asterisks to indicate important questions that cannot be bypassed. If nurses fail
to enter an answer for questions marked with exclamation points, the system marks
the document as incomplete; and if an important asterisked question is left uncharted,
the system will not even let nurses save the form. After the RSE was rolled out, triage
nurses could document important baseline questions while maintaining the consistency
of all triage questions simultaneously.

Similar to the use of standard personal notes and the use of the shredder box to con-
trol the distribution of private patient information, in order to adapt to the EMR-based
triage practice, ED clinicians revised their initial workaround and deployed a new
protocol, RSE, to maintain the consistency of information collected in the triage pro-
cess. The latter adaptation was designed to alleviate the potentially negative impacts
brought in by the initial workaround adopted by triage nurses. Notably, the ED staff
responded to this problem in a more formal manner, by implementing a new electronic
triage form in the EMR system. This is because the risks entailed by the question-
tailoring behaviors could have serious impacts on the quality of patient care in the ED
and could directly affect the collective goal of quality control and improvement in the
entire ED.

4.4. Case 4: Creating a New Coordinating Role in the Department

As we described in the previous case, the increased waiting time with electronic triage
became a bottleneck in ED patient flow, affecting the overall operation of the entire
ED. Since quick patient turnaround is considered critical in ED care, in addition to
the shortened triage documentation process, the department made another effort to
expedite the patient workflow by deploying a new procedure to send patients directly
to beds without triaging.

To solve the problem of the prolonged patient waiting time, a committee including
ED faculty, the ED nursing director, and the chief information officer decided to apply
a procedure called pull-to-full to bypass the triage process. Pull-to-full allowed staff to
send patients directly to ED rooms based on a patient’s chief complaint as assessed
at the front desk of the waiting room—without being triaged. The initial detailed as-
sessment, which was previously conducted by triage nurses, was now performed at the
bedside by a regular nurse. The procedure was carried out in the 7 a.m. to 11 a.m.
time slot on a trial basis. During this time slot, the triage was closed and two triage
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nurses working at the front desk quickly interviewed patients and acted as a trans-
porter to bring patients to ED units directly. Most patients were brought to ED3 (which
is for the less severely ill patients) unless their case was very urgent or they needed
heart-monitoring equipment, for example, for chest pain. Then, the triage nurse briefly
reported the patient’s situation to a bedside nurse when handing the patient over. For
example, when a patient arrived at ED3, guided by a triage nurse, the triage nurse
verbally provided a minimum amount of information, such as the chief complaint, and
wrote one to two lines on the nursing note. An ED3 nurse then conducted an initial
assessment at the bedside—the assessment that would previously have been conducted
in triage.

Although the pull-to-full procedure accelerated patient flow by reducing patient wait-
ing time and solved the issue of the overcrowded ED waiting room, it resulted in several
consequent issues in patient care. First of all, because the detailed triaging process
was skipped, the lack of appropriate patient information often resulted in incorrect
decision-making, and patients were often found to have been assigned to the wrong ED
unit/bed. For instance, we saw a patient assigned to ED3 because of abdominal pain,
but after a more detailed assessment, it turned out to be a psychiatric patient who
should have been sent to ED2, which is equipped for patients with psychiatric illness.
These erroneous allocations occurred frequently, and patients had to be moved a second
time. In addition, the pull-to-full procedure also increased the workload of ED3 nurses
because they had to perform triage work on top of their regular duties. This problem
was exacerbated when more than two patients came to the ED at the same time. If
more than two patients arrived at the same time, and all ED3 nurses were already
engaged in triage work, the newly arrived patients could have to wait in their beds for
a while before they could be triaged and treated. Consequently, the increased workload
for ED3 nurses affected the other care team members’ work in the ED. For instance,
sometimes when doctors arrived at the bedside, the patient had not yet been seen by
a nurse, meaning vitals had not been measured and were not available for the doctor.
During our observation, Adam, a resident, expressed his frustration about this new
procedure: “The process can be messed up. Sometimes I go first [before a nurse triaged a
patient], and nurses even don’t know whether I've been there or not [since the nurses are
still busy triaging the previous patients].” This quote illustrates the consequences of
nurses being held up by the triaging work at bedsides; during busier times, the nurses
were not able to provide the necessary information (e.g., vital signs) for the subsequent
care team members—such as doctors—in a timely manner.

Because the original workaround was found to lead to the previously mentioned
issues, consequent adaptation efforts were made by the committee to create a new
role called “Triage Care Coordinator (TCC).” The role of the TCC aimed to address
the shortcomings of the pull-to-full procedure, and to reestablish the function of triage
work in the waiting room. The TCC’s job is to increase the efficiency of triage by making
quick decisions for incoming patients at the front desk based on their chief complaints.
The TCC conducts an expedited triage for patients with only urgent matters (e.g., chest
pain patients) by sending them directly to ED1; the other patients continue waiting for
their turn and have to go through a conventional triaging process. With the creation
of the TCC role, time is saved for all the patients by sending urgent patients directly
to the units. It also resolves the issues of potential bed-assigning errors and the work
overload of ED3 nurses due to the lack of a triage work process. The creation of this new
role reflects the department’s appreciation of the importance of triage work’s function
after the pull-to-full trial period.

To summarize, to respond to the slow patient flow in the ED, the pull-to-full procedure
was initially deployed at the ED by sending patients directly to ED units. However, this
new procedure has found to lead to many undesirable breakdowns, such as imposing
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more workload on ED3 nurses, and consequently making the doctors and other nurses’
workflows inefficient. Since the initial adaptation highlighted the critical importance
of having rapid assessment, particularly obtaining vital signs early on to make the
right care decisions for patients before sending them to the bedsides. To resolve the
breakdowns from the first adaptation, the ED administrator created a new role, keeping
the positive aspect of the pull-to-full procedure while eliminating the detrimental ones.
With the consequent adaptation, the ED was able to resolve the issue of the prolonged
waiting time, as well as to address the problems encountered by the initial adaptation.

5. DISCUSSION

The EMR system at our field site was designed to serve as an information infrastruc-
ture supporting clinical documentation and other work activities. However, we found
that the system implementation impacted ED clinicians’ work practices, creating chal-
lenges in documenting patient charts, printing lab orders (transmittals), and perform-
ing triaging work. In handling these challenges, clinicians at our field site engaged
in a two-phased adaptation process. First, there were initial, immediate adaptations
to make the system fit within the clinicians’ working environment. Later, in order to
ensure the quality of patient care and work practices, a series of consequent adapta-
tions were deployed to address the potential negative impacts resulting from the initial
adaptations. These two adaptation phases are both necessary since getting work done
and controlling the quality of work are equally important in healthcare practices where
high reliability is crucial.

In this section, we first discuss the distinct nature of the two phases identified
through this study. Then we discuss the design needs for organizational adaptation in
high-reliability fields such as healthcare. Finally, we conclude with some suggestions
for socio-technical-political system adaptations for practices in these domains.

5.1. Making HIT System Work and Making Healthcare Practices Accountable

The four cases described in the article—though with different goals, tasks, and
stakeholders—all demonstrated that there is a two-phased adaptation process that
first aims to respond to the direct impacts of a newly deployed information system—
technological (immediate) adaptations, and second, uses organizational control to man-
age the quality and variability of work practices, leading to organizational (consequent)
adaptations. Technological adaptation is the prompt response that attempts to alleviate
the immediate problems introduced by the IT system, such as problems that directly
and obviously impact clinicians’ workflow and cause breakdowns in their work. Tech-
nological adaptations tend to emerge in the early stages of the system adaptation
process because it is driven by the use of technology. Organizational adaptation is the
consequent response designed by healthcare organizations to alleviate the issues that
emerge when solving the immediate problems. In particular, organizational adaptation
aims to control the quality of healthcare practices in order to have consistent, efficient,
and effective care that complies with the unique requirements of healthcare practices
(e.g., privacy protection or medical errors).

The main characteristic of technological adaptation is that it tends to be a “quick
fix” that makes the system workable and fits into the clinicians’ work practices. As we
described earlier, initial adaptations are mainly for solving or working around the ob-
stacles, breakdowns, or other problematic situations resulting from the system deploy-
ment. As such, technological adaptation arises to address the instantaneous, direct im-
pacts of technological use soon after the EMR enters employees’ work practice. Because
system use interferes with their original workflow and work routines, clinicians become
actively involved in immediate problem-solving activities; they strive to locate the flex-
ibilities of the system design and develop new ways of working with the system. Similar
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technological adaptations have been reported in prior organizational studies. This in-
cludes a focus on the role of human agency in enactments of different technologies in
organizations, such as appropriation and improvisation technology in practice enacted
by individual workers [Orlikowski 2009], as well as improvised learning and reinven-
tion processes to work around system constraints in unintended ways [Boudreau and
Robey 2005]. However, these prior studies were not conducted in the healthcare do-
main and the adaptation behaviors reported were acceptable in organizations as long
as they addressed the initial challenges of system use.

In our study, doctors and nurses developed various adaptive behaviors, also known
as workarounds, in the process of solving immediate problems. Soon after system de-
ployment, clinicians tried to negotiate with the system in use and make work possible,
meaning if they can adapt or alter the system itself, they do; or if they cannot, they
create new tools (e.g., paper notes) or reconfigure the physical work environment (e.g.,
relocating printers). For example, in the case of the electronic triage charting, triage
nurses realized that the lengthy questions being asked in the EMR did not support
the goal of fast triage work at the ED (problem as a direct impact of new system de-
ployment). As an immediate response, nurses started tailoring the questions on the
electronic MSE form in order to shorten the triage process (making the system work-
able). With similar goals, in other cases, clinicians had to utilize paper notes as a
workaround to memorize patient care information, or to reconfigure the setup of the
printing system to overcome the issues directly introduced by the use of EMR.

Nevertheless, these immediate technological adaptation behaviors, although effec-
tive, were soon found to be problematic by the ED leadership, mainly because they were
inconsistent with the goals health organizations strive to maintain. Take the personal
notes case as an example; the potential privacy infringement introduced by the first
phase of adaptation led to the consequent policy on how and where the notes should
be discarded. The latter adaptation would not have been developed if there were no
pervasive use of personal notes in the ED, and the deployment of the new procedure
is regulated by the strict privacy requirements in healthcare organizations. In other
words, the organizational adaptation process may not have existed in other domains if
privacy was not the foremost requirement in the work. Similarly, when triage nurses
tailored and shortened triage questions, the doctors who carry out the next step of
patient care started noticing missing or discrete information on the triage note. This
issue was reported to the ED clinical educator and she started investigating this infor-
mation issue because inconsistent information can dreadfully affect patient safety and
the care quality of ED work. Likewise, across all four cases, the unintended outcomes
induced by immediate adaptation in reaction to new technology interfered with insti-
tutional/organizational goals that the healthcare organization strived to maintain, and
thus led to the consequent organization-level adaptation process. In our study, these
were often identified by personnel who oversee the overall clinical work process but also
work closely with individual clinicians, such as the associate chief medical information
officer and ED clinical educator.

Thus, the organizational-level adaptations were created and deployed at our field site
mainly for the purpose of mitigating the potential hazards introduced by technological
adaptations to maintain the quality of practices in a health organization. Our analysis
found that organizational adaptations tend to respond to organizational-level impacts
of system deployment to make the healthcare practices more accountable and comply
with the quality measurements required in the field. Once a technological adaptation is
used to quickly fix the direct impacts of the system, it can lead to tensions between the
efficiency of work and the strict organizational goals in the healthcare domain because
quality assurance may not always align perfectly with the work efficiency. Contrary
to fixing immediate breakdowns, the need to control the quality of practices is less
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visible. Consequently, organizational adaptations often become necessary after the ini-
tial technological adaptation with the intent to address the consequences of the initial
adaptation only. In our research we found that in response to this need, organizational
adaptation is designed as a commonly agreed practice, imposing a new work norm, and
affecting work culture and work policy. This consequent adaptation is specifically de-
signed to cater to the unique needs in healthcare practices and management—i.e., care
quality, data quality and standardization, and patient safety and privacy in the ED,
whereas the immediate adaptation is only to provide an immediate fix to the negative
impacts caused by the system.

For instance, in the earlier example of EMR-based triage work, doctors and ED
clinical educators recognized that the nurses’ work practice of tailoring questions led
to a problem concerning inconsistency in patient information, and possibly jeopardized
the quality of patient care (tension created by technological adaptation). As a result, to
maintain information consistency in triage nurses’ use of the electronic MSE as well as
shorten the triage charting time, the ED clinical educator had to compare the previous
work practice with paper triage notes and the questions the electronic system required
nurses to ask. This resulted in a shorter triage question list being developed, while
maintaining consistency between the questions asked by each nurse. The RSE, a new
version of the electronic MSE, was developed to ensure both care quality and efficient
patient flow to fulfill organizational goals. The consequent adaptation could potentially
improve the quality of healthcare practices because both work efficiency and patient
safety have been improved after the second adaptation. In particular, by making
the questions consistent but shorter, the organization ensured that all ED patients
were examined in a standardized, but quick manner. Across all cases, organization
adaptations serve similar goals, namely, improving and controlling the quality of care
after the system is adapted and workable in the ED—for example, the deployment
of a shredder box and triage copies for patient privacy, the redistribution of labor in
printing transmittals for work effectiveness and patient care quality, and the creation
of a new TCC role for rapid patient flow and reducing medical errors. Therefore,
these consequent, organizational adaptations are devised in a more top-down manner
and reflect a concern for homogenizing work processes and performance within the
department/institution through the deployment of organizational-level decisions and
policies.

In prior literature on organizational learning, technological and organizational
adaptations are similarly manifested as “first-order and second-order problem solving”
[Tucker and Edmondson 2002; Argyris and Schon 1978; Vogelsmeier et al. 2008]. In
particular, Tucker and Edmondson [2002] studied nursing problem-solving behaviors
and found that, other than direct problem-solving activities made by frontline health
providers, organizational-level interventions, such as training, rewards, and workload
balancing, were implemented to leverage individual behaviors. This research suggests
a dual individual- and organizational-level model in responding to routine exceptions
in healthcare context, where the first-order problem solving is an approach that seeks
to remedy only immediate problems by working around them, and the second-order
problem solving is an attempt to remove the underlying causes of the problem so
that the problem does not reappear. The identification of the second-order solving in
meeting quality requirements in healthcare delivery environment is similar to the
organizational-level adaptation found in our study. However, this empirical study was
based on the responses in exceptions occurring during routine healthcare practices,
instead of investigating the impacts and user responses after major work process
shifts; in contrast, our case focuses on the implementation of a large-scale HIT system,
and provides useful insights for future technology implementations in the healthcare
domain.
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In addition to the first- and second-order problem-solving behaviors, our work tackles
the process of adaptation and how the first-order changes relate to and trigger the
second-order changes in a domain requiring high quality standards. We argue that
the immediate adaptations arise from the process of adapting to technology itself;
and the consequent adaptations arise from the subsequent process of adapting to the
healthcare practice that requires conformity with certain goals and regulations, and
the fulfillment of certain needs and objectives. This implies that the development of the
adaptation process while using, altering, and adjusting to new technology and work
practices is likely to be a lengthier process rather than a quick fix. Nevertheless, the
nature of these two distinctive types of adaptations, which exceed the bounds of the
computer system itself and encompass protocols, roles, and policies insofar as they
interface with organizational impacts, is not always recognized and incorporated into
system implementation.

5.2. The Need for Organizational Adaptation in High-Reliability Domains

Although adaptation in general has been frequently studied in prior literature [Ash
et al. 2004; Boulus and Bjorn 2010; Cyert and March 1963; Hersh 1999], many studies
focused on how users adapt to technologies to make their work possible (e.g., overriding
medication alerts [Koppel et al. 2005]). In particular, in the healthcare context where
this study was carried out, many prior researchers have revealed and studied the
“workaround”—a type of adaptation behavior that creates new ways of using and
navigating the system to make it workable. Our study shows that clinicians create
various workarounds as ways of adapting to the difficulties and breakdowns imposed by
technologies immediately after deployment. In addition to the initial adaptation efforts,
the organization has to modify and develop consequent means to collectively manage
the initial technological adaptations. We found that the goal of controlling the quality,
and consistency of work practices led to the organizational-level adaptations at our
field site. Compared with other studies on organizational adaptations, organizational-
level adaptations in our study are deeply rooted in the goals of healthcare practices,
and can be applied to many highly reliable fields.

Quality control, as a collective goal, is critical to healthcare practices where the
goal is not only to get work done, but also to conduct it according to quality control
guidelines [Juran et al. 1999; Kepner and Tregoe 1976]. Our empirical study conducted
in the ED reveals a conflict between two parallel sets of goals in responding to the new
technology implementation—the individual caregiver’s pursuit of efficiency at work,
and the institution’s pursuit of quality control. When clinicians improve individual task
efficiency using immediate workarounds, this may negatively affect the institution’s
ability to pursue collective goals and eventually create a need for institutional-level
decisions. In contrast, when the department or institution regulates clinical work for
the purpose of care quality control, this directly affects the ways individuals perform
their work. Hence, the problems in healthcare practice cannot be easily “fixed” in a
single step (workaround) or using a single, one-time set of measures to achieve the
clinicians goals; the institution’s collective goals must also be taken into account for
the problems to be truly solved.

As our study shows, technology implementation and adaptation is an ongoing, mutual
transformation of the HIT system and the organization. Technological adaptations are
initially developed to cope with the direct impact of system deployment. Subsequent
organizational adaptations are then implemented to alleviate the problems caused by
the immediate response (i.e., initial workaround use). Through this process of reflecting
and balancing the needs of both individual caregivers and the caregiving institution’s
organizational concerns, adaptation by ED clinicians and the department emerges
during the time period following the system deployment, and can be seen as a coevolving
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Fig. 4. Technological and organizational adaptation process model.

adaptation process. A coevolving process is a stabilization of efforts between two types
of adaptations during the adaptation period; it is a crucial practice that enables both
individual clinicians and the collectivity of the caregiving facility to negotiate and
harmonize the pursuit of their respective goals when adapting to the new work practice
(Figure 4).

In addition, during the coevolving process, it is especially important to examine why
these two types of adaptations occur in this particular order. Our study offers insight
into this phenomenon insofar as it indicates that clinicians do not necessarily welcome
off-the-shelf systems; instead, they need to actively devise ways of incorporating the
EMR system effectively into their local workflows by developing different workarounds
while they are using the system. However, it is obviously not desirable for clinicians
to make unrestricted use of workarounds without regard for institutional goals and
regulatory requirements. This is why the two types of adaptations take place in this
order—users first need to integrate the system into their work to achieve their work
goals, and then require another round of adaptation to ensure that these modified work
processes still fulfill organizational goals. This specific order for two adaptation types
is relatively distinct in relation to prior adaptation models in organizational studies,
such as adaptation as a gradual process of reducing misalignments [Leonard-Barton
1988], a discontinuous process [Tyre and Orlikowski 1994], and as a sporadic and on-
going process of modifying existing structures [Majchrzak et al. 2000]. This is because
the second adaptation arises specifically as a result of certain structures, rules, and
requirements that are unique to the healthcare work environment. We do not advocate
that this particular order—the sequence of technical first and organizational later—be
considered a “gold standard” for clinical IT system implementation, nor should it be
universally followed and adapted. Instead, we believe that the ongoing coevolving pro-
cess between technological adaptation at the work-efficiency level and organizational
adaptation at the institutional and policy level should be recognized and should inform
adaptation processes by clinical I'T. Therefore, it is our view that the coevolving process
is necessary, as both types of adaptations are required to coexist side by side to meet
individual work efficiency and collective organizational standards, which represent
essential needs in healthcare practice.
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Furthermore, our study points out that the organizational adaptation needs to be
addressed from a more collective, policy-driven approach. As described earlier, the or-
ganizational adaptation takes place as a consequent response to solve the problems
that arise after the immediate response, and is also driven by collective departmental/
organizational goals. A number of system implementation studies have examined clin-
ical workarounds and have focused on ways to make HIT systems successful and
compatible with healthcare practice. However, healthcare is a unique work setting
regulated by many organizational, institutional standards and management norms.
These norms and regulations require us to consider concerns beyond the goal of simply
making the system work: It is also necessary to make the entire healthcare practice
functional and sustainable. Thus, this imposes new requirements and additional in-
stances of adaptation, just as we have seen in the organizational adaptation in the
adaptation process of our study. This new insight also ventures beyond the scope of
previous literature on workarounds and problem- solving practices. Existing literature
in HIT implementation mostly focuses on the first immediate adaptation, such as clini-
cians’ use of problematic workarounds. Therefore, it is very crucial that the consequent
organizational-level adaptation is recognized and highlighted in system implementa-
tion. Careful internal analysis might be necessary to identify which adaptations (here,
organizational adaptation) should be supported, rather than merely eliminating prob-
lematic immediate adaptations. This requires policy-driven solutions by diagnosing
and addressing workflow problems that may lead to patient risks, ultimately impact-
ing patient safety, rather than merely technical system design changes, to address
healthcare practice needs.

In its analysis of the generation of immediate and consequent adaptations, our work
highlights the importance of policy-making and the institutional/organizational con-
text, which are not generally considered in the literature on information infrastructure
system implementations. In their review of 25 years of Computer-Supported Cooper-
ative Work and Social Computing (CSCW) research in healthcare, Fitzpatrick and
Ellingsen [2012] note that only a few studies focus on the “policy” level. As they point
out, most studies describe the current situation in the healthcare setting from the
perspective of clinical work or organizational work practices, but there has not been
much work on analyzing the larger (adaptation) processes related to policy formation
and subsequent acquisition after system implementation. Our findings show that in
large-scale projects like EMR system implementation, a large project team, managers,
administrators, policy makers, and health authorities have a crucial role in shaping
technology apprehension and adaptation among users and within the institution itself.
The fact that healthcare is a practice that requires a highly regulated and controlled
work environment calls for a particularly strong need for appropriate, updated policies
pertaining to system implementation and adaptation. In deploying socio-technical-
political systems, the system needs to be harmonized with evolving work practices and
adapted by its users, but its usage also needs to be aligned (or realigned) with broader
institutional and regulatory needs; ultimately, implementation must prioritize these
broader organizational needs over small-scale work practice concerns through design-
ing policies with system implementation accordingly.

6. CONCLUSION

In our analysis of the adaptation process of clinicians in an ED after an EMR
deployment, we found that adaptation comprises two stages: immediate technological
adaptation and consequent organizational adaptation. The technological adaptation is
an effort ED clinicians made to adapt to the new system in use. In contrast, the orga-
nizational adaptation is a departmental or organizational-level effort to adapt health-
care practice by controlling the quality of information and care after the immediate
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technological adaptation. Although these adaptations differ in many ways, both types
are necessary and must coexist, and coevolve throughout the system adaptation period.
In particular, our study notes that organizational adaptation is an undervalued, yet
critical component in healthcare practice, where highly regulated and standardized
work is demanded for both individual workers and the organization as a whole.

Based on the results of this study, we identify implications for healthcare and
design practice. Our findings help illuminate the current challenges of EMR use
and the dual responsibilities of healthcare professionals in this regard due to the
quality control requirements of healthcare practice. In our study, when the EMR
was introduced, triage nurses had to find quick and efficient ways to conduct triage
work to avoid any patient care delay; meanwhile, their practices were subject to
the overall quality requirements imposed by healthcare practices, and in this case,
the need for consistent and standard information. These twofold needs required an
adaptation period to be carefully designed to offer both benefits. Thus, future system
implementations in healthcare or similar high-reliability fields should consider the
immediate work practices, as well as the unique requirements demanded by health
fields in general. Furthermore, the results from the study are also applicable to other
organizations dealing with the introduction of a large-scale information infrastructure
into a context of strict work regulations in which system users struggle with competing
responsibilities and challenges in using the system.

Notably, our study shows not only technological adaptation occurring via the involve-
ment of individual “frontline” workers; more importantly, we also reveal more subtle
organizational adaptations that are often initiated by policy makers, administrators,
and decision makers (e.g., clinical educator). This latter organizational adaptation
highlights the significance of having policy-level changes in the IT adaptation process.

The findings of the current study suggest that the implementation of HIT systems
should contain appropriate administrative management plans to accommodate the is-
sues associated with technological adaptations. Nonetheless, despite the importance of
organizational adaptation, most HIT implementation literature has focused on users’
responses to technology in the adaptation process, without considering the consequent
effects of these adaptive behaviors from the organizational perspective. Only very few
HIT studies have mentioned the later stage of adaptation [Novak et al. 2012, 2013;
Goorman and Berg 2000] For instance, Novak and her colleagues reported individual
as well as organizational-level adaptation. After BCMA implementation, nurses had
to integrate a new set of procedures or artifacts, as well as an orientation to medica-
tion safety, into everyday work [Novak et al. 2013]. However, as noted by the authors,
this research only uncovers minimal organizational adaptations. The authors suggest
future research to examine the evolving process of HIT adaptations more systemati-
cally. In particular, it calls for investigating “how do adaptations evolve?” and “what
classes of adaptations are found following technology implementation?” The findings
in our work provide empirical insights into these questions because the contribution of
this research lies in the identification of the two types of interrelated adaptations, and
discusses how one type of adaptation evolves into the other in a highly reliable work
domain. Specifically, we reveal the triggers for, and relationship between the immediate
technological adaptations and consequent organizational adaptations in the EMR im-
plementation process. The findings of our study suggest the latter organizational-level
adaptation was deeply rooted in the high quality assurance requirements set forth
by the health organization. It calls for a careful consideration of an organizational-
level adaptation process in similar organization settings. Designing for organizational-
/management-level adaptation requires careful reviewing, assessing, and reevaluating
the consequences of technological adaptations, and discovering misalignments with the
goals of the health organizations. Further, future research may benefit from targeting
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such adaptation by interviewing the department or institution’s decision makers and
leaders and discovering in what ways organizational bodies recognize, facilitate, and
develop adaptations.

Finally, our study suggests that a mindful adaptation process is required and
can improve the adaptation process after the introduction of a new socio-technical
infrastructure. Better departmental awareness of the underlying processes of the tech-
nological and organizational adaptations will help decision makers take a more objec-
tive or positive approach to shifting practices throughout the infrastructure deploy-
ment and ensure that they are focused on moving forward, instead of looking back
on the failures that occurred after the implementation. Creating a new role—such as
an “observer” who detects discrepancies between the system-intended workflow, actual
workflow, and the workflow desired for the purpose of preserving care quality, or an
“intermediary” who helps resolve the discrepancies between the hypothetical and the
actually achievable workflows—may expedite the adaptation process by supplementing
and improving individual or departmental responses to breakdowns. Without mindful
adaptation considering both adaptation phases, the adaptation will most likely take
more time and more effort, and may cause delays and problems; hence, it is crucial for
departments and institutions to be aware of both types of adaptations and anticipate
their interrelated impacts.

Furthermore, our work offers a stance on workarounds by considering them instances
of conscious, positive action. As compared to most previous works, which have seen
them as an unintended consequence of system deployment, we see them as an effort
driving the inevitable and robust process of adaptation to the new practice—a view
that aligns with our previous work and Flanagan’s recent work [Park and Chen 2012;
Flanagan et al. 2013].

In summary, our work calls for system designers and Human-Computer Interaction
(HCI) researchers to consider carefully the value to be derived from both adapta-
tion types—technological and organizational—for the successful deployment of socio-
technical-political systems in a healthcare organization. We also call for healthcare
organizations to be more critically reflective of their own engagement during the adap-
tation period through mindful adaptation efforts.

STATEMENT OF PREVIOUS RESEARCH

An earlier draft of this work was published in Proceedings of the SIGCHI Conference
on Human Factors in Computing Systems (CHI 2012), “Park, S. Y. and Chen, Y. (2012).
Adaptation as Design: Learning from an EMR Deployment Study. In Proceedings of CHI
2012, 2097-2106.” However, this article offers a completely different Discussion and
Conclusion and ultimately makes a new argument altogether. This new article’s Find-
ings section also covers a large amount of new material, comprising about 50% of the
section. Therefore, we believe this work provides a substantial amount of new material.

ACKNOWLEDGMENTS

We sincerely thank the Health Affairs Information Services and the ED medical staff for their participation.
We especially thank Jim Murry for his support for this project.

REFERENCES

C. Argyris and D. Schon. 1978. Organizational Learning: A Theory of Action Perspective. Addison-Wesley,
Reading, MA.

D. Armijo, C. McDonnell, and K. Werner. 2009. Electronic health record usability: Evaluation and use case
framework. Agency for Healthcare Research and Quality, Rockville, MD.

ACM Transactions on Computer-Human Interaction, Vol. 22, No. 1, Article 1, Publication date: February 2015.



1:22 S. Y. Park et al.

J. S. Ash, M. Berg, and E. Coiera. 2004. Some unintended consequences of information technology in health
care: The nature of patient care information system-related errors. J. Am. Med. Inform. Assoc. 11 (2004),
104-112.

B. Azad and N. King. 2008. Enacting computer workaround practices within a medication dispensing system.
Eur. J. Inform. Syst. 17, 3 (2008), 264-278.

S. R. Barley. 1996. Technology as an occasion for structuring: Evidence from observations of CT scanners
and the social order of radiology departments. Admin. Sci. Quart. (JSTOR) 31 (1986), 78-108.

H. Beyer and K. Holtzblatt. 1997. Contextual Design: Defining Customer-Centered Systems. Morgan
Kaufmann, San Francisco, CA, 1997.

A. D. Black, J. Car, C. Pagliari, C. Anandan, K. Cresswell, T. Bokun, B. McKinstry, R. Procter, A. Majeed, and
A. Sheikh. 2011. The impact of ehealth on the quality and safety of health care: A systematic overview.
PLoS Med. 8,1 (2011), e1000387.

M. C. Boudreau and D. Robey. 2005. Enacting integrated information technology: A human agency perspec-
tive. Org. Sci. 16, 1, 3-18.

N. Boulus and P. Bjorn. 2010. A cross-case analysis of technology-in-use practices: EPR-adaptation in Canada
and Norway. Int. J. Med. Inf. 79, 6 (2010), €97-e108.

G. Convertino, T. P. Moran, and B. A. Smith. 2007. Studying activity patterns in CSCW. In Proc. CHI2007,
ACM, New York, NY, 2339-2344.

R. M. Cyert and J. G. March. 1963. A Behavioral Theory of the Firm. Prentice-Hall, Englewood Cliffs, NJ,
1963.

C. M. DesRoches, E. G. Campbell, S. R. Rao, K. Donelan, T. G. Ferris, and A. Jha, et al. 2008. Electronic
health records in ambulatory care—A national survey of physicians. New Engl. J. Med. 359, 1, 50-60.

John M. Dutton and Annie Thomas. 1985. Relating technological change and learning by doing. In Research
on Technological Innovation, Management and Policy, Richard S. Rosenbloom (Ed.), 2, 187-224.

G. Fitzpatrick and G. A. Ellingsen. 2012. Review of 25 years of CSCW research in healthcare: Contributions,
challenges and future agendas. Computer Supported Cooperative Work (CSCW). 22, 4—6, 609-665.

M. E. Flanagan, J. J. Saleem, L. G. Millitello, A. L. Russ, and B. N. Doebbeling. 2013. Paper-and computer-
based workarounds to electronic health record use at three benchmark institutions. J. Am. Med. Inf.
Assoc. 20, el, e59—-e66.

B. G. Glaser and A. L. Strauss. 1967. The Discovery of Grounded Theory: Strategies for Qualitative Research.
Aldine Transaction, New York, NY, 1967.

S. W. Glickman, K. A. Baggett, C. G. Krubert, E. D. Peterson, and K. A. Schulman. 2007. Promoting quality:
The health-care organization from a management perspective. Int. J. Quality Health Care 19, 6 (2007),
341-348.

J. M. Goh, G. Gao, and R. Agarwal. 2011. Evolving work routines: Adaptive routinization of information
technology in healthcare. Inf. Syst. Res. 22, 3 (2011), 565—-585.

E. Goorman and M. Berg. 2000. Modeling nursing activities: Electronic patient recrods and their discontents.
Nurs. Inq. 7 (March 2000), 3-9.

J. Grudin and L. Palen. 1997. Emerging groupware successes in major corporations: Studies of adop-
tion and adaptation. Worldwide Computing and Its Applications, Lecture Notes in Computer Science
Volume 1274. Springer-Verlag, New York, 142-153.

Y. Y. Han, J. A. Carcillo, S. T. Venkataraman, R. S. B. Clark, S. Watson, T. C. Nguyen, H. Bayir, and
R. A. Orr. 2005. Unexpected increased mortality after implementation of a commercially sold computer-
ized physician order entry system. Pediatrics 116 (2005), 1506-1512.

J. R. B. Halbesleben, G. T. Savage, D. S. Wakefield, and B. J. Wakefield. 2010. Rework and workarounds
in nurse medication administration process: Implications for work processes and patient safety. Health
Care Manage. Rev. 35, 2 (2010), 124-133.

W. R. Hersh. 1999. The electronic medical record: Promises and problems. J. Am. Soc. Inf. Sci. 46, 10 (1999),
772-776.

R. Hillestad, J. Bigelow, A. Bower, F. Girosi, R. Meili, R. Scoville, and R. Taylor. 2005. Can electronic medical
record systems transform health care? Potential health benefits, savings, and costs. Health Affairs 24, 5
(2005), 1103-1117.

G. P. Huber. 1990. A theory of the effects of advanced information technologies on organizational design,
intelligence, and decision making. Acad. Manag. Rev. 15, 1 (1990), 47-71

A. K. Jha, C. M. DesRoches, E. G. K. Campbell Donelan, S. R. Rao, and T. G. Ferris, et al. 2009. Use of
electronic health records in U.S. hospitals. New Engl. J. Med. 360, 16 (2009), 1628-1638.

J. M. Juran, A. B. Godfrey, R. E. Hoogstoel, and E. G. Schilling. 1999. Juran’s Quality Handbook (5th ed.).
McGraw-Hill, New York, NY.

ACM Transactions on Computer-Human Interaction, Vol. 22, No. 1, Article 1, Publication date: February 2015.



Technological and Organizational Adaptation of an EMR System Implementation in ED 1:23

V. Kaptelinin and B. A. Nardi. 2006. Acting with Technology: Activity Theory and Interaction Design. MIT
Press, Cambridge, MA.

C. H. Kepner and B. B. Tregoe. 1976. The Rational Manager: A Systematic Approach to Problem Solving and
Decision Making (2nd ed.). Kepner-Tregoe, Inc., Princeton, NdJ.

H. Klein and M. Myers. 1999. A set of principles for conducting and evaluating interpretive field studies in
information systems. MIS Quarterly, 23, 1 (1999), 67-93.

M. Kobayashi, S. R. Fussell, Y. Xiao, and F. J. Seagull. 2005. Work coordination, workflow, and workarounds
in a medical context. In Proc. CHI 2005, 1561-1564.

R. Koppel, J. P. Metlay, A. Cohen, B. Abaluck, A. R. Localio, S. E. Kimmel, and B. L. Strom. 2005. Role of
computerized physician order entry systems in facilitating medication errors. J. Am. Med. Assoc. 293
(2005), 1197-1203.

R. Koppel, T. Wetterneck, J. L.Telles, and B. T. Karsh. 2008. Workarounds to barcode medication administra-
tion systems: Their occurrences, causes, and threats to patient safety. Journal of the American Medical
Informatics Association 15, 4 (2008), 408—423.

B. Latour. 2004. Nonhumans. In Patterned Ground: Entanglements of Nature and Culture. 224-2217.

D. Leonard-Barton. 1988. Implementation as mutual adaptation of technology and organization. Res. Policy
17, 5 (1988), 251-267.

P. M. Leonardi. 2011. When flexible routines meet flexible technologies: Affordance, constraint, and the
imbrication of human and material agencies. MIS Quart. 35, 1 (2011).

dJ. Locke and A. Lowe. 2007. A Biography: Fabrications in the life of an ERP package. Organization 14, 6
(2007), 793-814.

C. V. Lukas, S. K. Holmes, and A. B. Cohen, et al. 2007. Transformational change in health care systems: An
organizational model. Health Care Manag. Rev. 32, 4 (2007), 309-320.

A. Majchrzak, R. E. Rice, A. Malhotra, N. King, and S. Ba. 2000. Technology adaptation: The case of a
computer-supported inter-organizational virtual team. MIS Quart. 24, 4 (2000), 569—600.

Z. Niazkhani, H. Pirnejad, H. van der Sijs, and J. Aarts. 2011. Evaluating the medication process in the
context of CPOE use: The significance of working around the system. Int. J. Med. Inf. 80, 7 (2011),
490-506.

L. L. Novak, J. Brooks, S. Anders, N. Lorenzi, and C. S. Gadd. 2012. Mediating the intersections of organiza-
tional routines during the introduction of health IT systems. Eur. J. Inf. Syst. 21 (2012), 552-569.

L. L. Novak, R. J. Holden, S. H. Anders, J. Y. Hong, and B.-T Karsh. 2013. Using a sociotechnical
framework to understand adaptations in health IT implementation. Int. J. Med. Inf 82, 12 (2013)
e331-e344.

W. J. Orlikowski and J. D. Hofman. 1997. An improvisational model for change management: The case of
groupware technologies. Sloan Manag. Rev. 38, 2 (1997).

W. J. Orlikowski and S. V. Scott. 2008. 10 Sociomateriality: Challenging the separation of technology, work
and organization. Acad. Manag. Annals 2, 1 (2008), 433-474.

W. J. Orlikowski. 2009. The sociomateriality of organisational life: Considering technology in management
research. Cambridge Journal of Economics.

S. Y. Park and Y. Chen. 2012. Adaptation as design: Learning from an EMR deployment study. In Proc. CHI
2012. ACM, New York, NY, 2097-2106.

E. S. Patterson, M. L. Rogers, R. J. Chapman, and M. L. Render. 2006. Compliance with intended use of
bar code medication administration in acute and long-term care: An observational study. Hum. Factors
Ergon. Soc. 48, 1 (2006), 15-22.

L. Poissant, J. Pereira, R. Tamblyn, and Y. Kawasumi. 2005. The impact of electronic health records on time
efficiency of physicians and nurses: A systematic review. J. Am. Med. Inform. Assoc. 12 (2005), 505-516.

J. Richardson and J. Ash. 2008. The effects of hands free communication devices on clinical communica-
tion: Balancing communication access needs with user control. In Proc. AMIA Annual Symposium,
Washington, DC, 621-625.

N. Rosenberg. 1982. Inside the Black Box. Cambridge University Press, Cambridge, UK.

dJ.J.Saleem, A. L. Russ, A. Neddo, P. T. Blades, B. N. Doebbeling, and B. H. Foresman. 2011. Paper persistence,
workarounds, and communication breakdowns in computerized consultation management. Int. J. Med.
Inf 80,7 (2011), 466-479.

A. Tucker and A. Edmondson. 2002. Managing routine exceptions: A model of nurse problem solving behavior.
Adv. Health Care Manag. 3 (2002), 87-113.

M. J. Tyre and W. J. Orlikowski. 1994. Windows of opportunity: Temporal patterns of technological adaptation
in organizations. Organ. Sci. (1994), 5, 1 (1994), 98-118.

ACM Transactions on Computer-Human Interaction, Vol. 22, No. 1, Article 1, Publication date: February 2015.



1:24 S. Y. Park et al.

A. A. Vogelsmeier, J. R. B. Halbesleben, and J. R. Scott-Cawiezell. 2008. Technology implementation and
workarounds in the nursing home. J Am. Med. Inform. Assoc. 15, 1 (2008), 114-119.

S. Wang. 2003. A cost-benefit analysis of electronic medical records in primary care. Am. J. Med. 114, 5
(2003), 397-403.

B. J. Weiner, S. M. Shortell, and J. Alexander. 1997. Promoting clinical involvement in hospital quality
improvement efforts: The effects of top management, board, and physician leadership. Health Serv. Res.
32 (1997), 491-510.

X. Zhou, M. Ackerman, and K. Zheng. 2011. CPOE workarounds, boundary objects, and assemblages. In
Proc. CHI 2011. ACM, New York, NY, 3353-3362.

Received September 2013; revised September 2014; accepted September 2014

ACM Transactions on Computer-Human Interaction, Vol. 22, No. 1, Article 1, Publication date: February 2015.



