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Abstract

According to the human factors paradigm for patient safety, health care work systems and
innovations such as electronic medical records do not have direct effects on patient safety. Instead,
their effects are contingent on how the clinical work system, whether computerized or not, shapes
health care providers' performance of cognitive work processes. An application of the human
factors paradigm to interview data from two hospitals in the Midwest United States yielded
numerous examples of the performance-altering effects of electronic medical records, electronic
clinical documentation, and computerized provider order entry. Findings describe both
improvements and decrements in the ease and quality of cognitive performance, both for
interviewed clinicians and for their colleagues and patients. Changes in cognitive performance
appear to have desirable and undesirable implications for patient safety as well as for quality of
care and other important outcomes. Cognitive performance can also be traced to interactions
between work system elements, including new technology, allowing for the discovery of problems
with “fit” to be addressed through design interventions.
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1. Introduction

Patient safety is a pressing global concern, with substantial economic and humanistic
implications (Henriksen et al. 2008; World Health Organization 2009). Patient safety is
often viewed as the freedom from medical error and accidental harm (e.g., Institute of
Medicine 2000; Leape 2009), thus, patient safety goals are often formulated with respect to
“the avoidance, prevention and amelioration of adverse outcomes or injuries stemming from
the process of care” (Vincent 2006, p.14). Often, there is recognition that “patient safety is a
property that emerges from systems design” (Emanuel et al. 2008, p.7), meaning that the
way to achieve patient safety is to change the system (Institute of Medicine 2000). The
above error-based view of patient safety is depicted in Figure 1a. A different, though
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complementary, view is depicted in Figure 1b and can be described as follows (cf. Karsh,
Holden et al. 2006):

Patient safety is the product of how and how well health care providers (HCPs)
perform cognitive work processes. There is no direct way to reduce errors or harm.
Instead, errors are reduced when the conditions of work (i.e., the work system)
positively shape the way that HCPs perform cognitive work; harm is reduced when
the conditions of work allow HCPs to perform well under challenging or disruptive
conditions.

The primary goal should not be to reduce error or harm. The goal should be to
design work systems that support and enhance work process performance. Error
reduction and harm prevention will follow in turn. So will a host of other outcomes,
including faster and higher quality care, improved quality of work life for HCPs,
and more efficient use of organizational resources.

The above statement builds on a human factors (HF) paradigm for patient safety (Karsh,
Holden et al. 2006) in accord with the definition of human factors, or ergonomics, as the
discipline concerned with “design and engineering of human-machine systems for the
purpose of enhancing human performance” (Dempsey et al. 2000, p.6, emphasis mine). To
expand somewhat on Karsh et al's original proposal, I stress the following: the design of
work systems must support not only routine cognitive performance (e.g., well illuminated
medication rooms that improve visual perception) but also performance under problematic
conditions (e.g., access to and discretion over supplies during emergency situations) when
human performance is the last arbiter between safety and harm (cf. Hollnagel et al. 2006;
Weick and Sutcliffe 2007).

The HF paradigm accepts error and harm reduction as distal but not directly achievable
goals. This is why it is necessary to pursue a more proximal goal: that of enhancing
cognitive performance.

1.1. Cognitive performance

A straightforward definition of health care provider performance is “the mental, physical,
social, and behavioral activities carried out by HCPs toward some (usually patient related)
goal” (Karsh, Holden et al. 2006, p.i60); note the similarity of this definition to the
definition of “work” as “any physical or mental effort or activity directed toward the
production or accomplishment of something” (Hollnagel 1997, p.1171). Performance is
goal-driven (Vicente 1999) and in this paper, the primary goals of interest are patients'
quality of care and safety. Here, performance is treated as the activities or processes of
work, but performance measurement sometimes concerns the outcomes of those activities,
instead, such as the product defect rate in manufacturing or the survival rate in a population
receiving treatment in health care (see Eddy 1998). One type of performance process
measurement in health care is whether and when some process believed to improve patient
outcomes was carried out (e.g., administration of aspirin within 24 hours of admission and
time to initial reperfusion therapy for heart attack patients) (Silver et al. 2004). For present
purposes, the scope of performance is broader, encompassing both the execution of
recommended activities within recommended time windows as well as the execution of a
much larger set of non-prescribed activities needed to achieve patient care goals;
additionally, the way in which performance is carried out is of interest (e.g., how does a
physician decide to and then actually order aspirin upon admission).

It can be argued that all performance in health care is cognitive (Hollnagel and Woods
2005), from decision making to consultation to manual laparoscopic suturing, and that the
distinction between mental, physical, social, and behavioral aspects of performance is useful
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but artificial because all four require cognitive processes (Karsh, Holden et al. 2006).
Cognitive performance processes can be understood in many ways. A microcognitive lens
depicts cognitive performance as consisting of a repeating series of information processing
steps such as sensation, perception, central processing, and execution, and narrower
constituent processes such as verbal working memory, switching attention between tasks,
and the planning and execution of eye movements (Wickens and Flach 1988). Although it is
not always evident how microcognitive processes are integrated during the performance of
complex and prolonged work such as diagnosis or medication administration, factors that
affect individual microcognitive processes are well studied (e.qg., studies show that proactive
interference is the chief cause of errors in verbal working memory [Postle 2006]). Further,
the link between specific microcognitive processes and safety outcomes are straightforward,
because psychologists have carefully devised speed and accuracy measures for each process.

In contrast, a macrocognitive lens describes cognition in terms of broad processes such as
situation assessment, problem detection, planning, and decision making (Klein et al. 2003).
Such a broad perspective makes it easier to see how cognition is not the product of isolated
processes in an individual's mind but rather a product of joint activity, between multiple
people (e.g., physicians must plan based on their own knowledge but also the knowledge of
other physicians and specialists, nurses, and patients) and multiple artifacts (e.g., situation
assessment relies on information such as patient vitals and medication history that is stored,
arranged, and manipulated in electronic and paper records) often over extended periods of
time. Because of the visible role of technology in macrocognition and because health care
work contains processes distributed across time and across many agents, the present study
adopts a macrocognitive level of analysis, although microcognitive processes are assumed to
exist at a lower level of analysis.

Both microcognitive and macrocognitive processes can be seen as operating in the service of
maintaining control of health care work, contributing to the setting of goals for system
performance outcomes (e.g., acceptable levels of patient health), the monitoring of system
performance with respect to those goals (e.g., sensing, perceiving, and generally assessing
the patient situation, both performed therapies and how the patient is reacting), the
comparison of performance to pre-established goals (e.g., processing collected information
on the patient situation and detecting problems), and the regulation of performance (or the
adjustment of goals) when goals mismatch (e.g., revising plans and decisions, adjusting
therapy) (see Hollnagel and Woods 2005; Karsh, Holden et al. 2006). The design of the
health care work system and changes to the system (e.g., new IT) affect how well
performance can be controlled. Information systems (manual or computerized), for instance,
critically determine clinicians' awareness of the patient situation and, therefore, determine
how and when adjustments are made to regulate performance. The inability to make proper
adjustments results in the performance of work that is inefficient, difficult, or deviates from
pre-established goals. In health care, inefficient or difficult work may jeopardize worker
health and unnecessarily deplete organizational resources; performance that deviates from
goals means reduced quality of care and the possibility of accidental patient harm.

To sum up, the HF paradigm proposes that the performance of cognitive work mediates
between work system design on the one hand, and patient, employee, and organizational
outcomes, on the other. The implication is to shift away from a paradigm centered on errors
(and by implication, away from counterproductive practices such as counting errors [Dekker
2007; Wears 2008]), and toward a paradigm that seeks to understand work performance and
aims to design systems that support performance. The benefits of the HF paradigm over the
traditional error-based paradigm can be demonstrated by considering the case of electronic
medical records (EMR), a putative lever for patient safety.
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1.2. EMR and the human factors paradigm

EMR is “an electronic record of health-related information on an individual that can be
created, gathered, managed, and consulted by authorized clinicians and staff within one
health care organization” (National Alliance for Health Information Technology 2008, p.6).
Often, EMR is defined in terms of its functional components (Chaudhry et al. 2006; Jha et
al. 2009; R. H. Miller and Sim 2004), which in addition to “viewing” existing data can
include documentation/data entry, electronic order entry/order management, messaging/
communication, decision support, and more (Institute of Medicine 2003; R. H. Miller and
Sim 2004; Walker et al. 2008). Herein, EMR is conceived of broadly as a package of related
functions, with data entry, order entry, and decision support treated as components of that
package (Ash and Bates 2005).

Mounting political, financial, and consumer pressures and incentives (Blumenthal and
Glaser 2007; Steinbrook 2009; The Leapfrog Group 2008) are moving organizations to
implement EMR at increasing rates (Furukawa et al. 2008; Jha et al. 2008; Pedersen and
Gumpper 2008). There is some evidence that EMR, especially when equipped with order
entry and decision support capabilities, can improve patient safety (see reviews in Parente
and McCullough 2009; Shekelle et al. 2006). At the same time, “it is clear as well that
computer systems can introduce errors ... and may even worsen [patient] outcomes in some
instances” (Institute of Medicine 2007).

Those two themes—(1) EMR removes errors/improves patient safety and (2) EMR creates
errors/worsens patient safety—are depicted in Figure 1c. It is obvious how they build on an
error-based paradigm of patient safety (Figure 1a), in ideology, practice, and in language.
Consider, for example, the preference for randomized control trials and pre-post error
measures in evaluating EMR and other health IT (Reckmann et al. 2009; Shekelle et al.
2006); a description of a randomized trial using the notation in Figure 1 is “manipulate A,
measure changes in C” with the implication that B is never measured (Kaplan 2001).
Another example of how an “A—C” error-based paradigm influences thinking about EMR
is the newly coined term “e-iatrogenesis,” which can be defined as “error/harm caused (in
part) by IT” (Weiner et al. 2007; but see Palmieri et al. 2009 for a more sophisticated
treatment of the concept). Although most researchers are well aware that normally EMR
does not lead directly to patient safety outcomes (i.e., they are aware that the black box
exists and might have some ideas of its content [see, e.g., Kaushal and Bates 2002; Walker
and Carayon 2009]), the error-based paradigm does not offer a coherent account of the
pathway, or mechanism, between EMR and patient safety. In contrast, applying the
performance mechanism from the HF paradigm suggests that the way that EMR improves or
worsens outcomes including patient safety depends on how an EMR-enabled work system
alters cognitive performance for the better or worse (Figure 1d; see a similar HF-based
view, although focusing mostly on altered information and workflow, in Saleem et al. 2009).

There are several ways in which EMR might alter cognitive performance. For example, “use
of the EMR improved the legibility and accessibility of progress notes and increased the
availability of electronic problem and allergy lists” (R. H. Miller and Sim 2004, p.118) and
“use of electronic messaging among providers improved the availability, timeliness, and
accuracy of messages and increased completeness of documentation, thus potentially
reducing ‘dropped balls’ and safety problems” (p.119). Order entry functionality can
improve communication between providers, improve legibility of notes and thus improve
providers' ability to make sense of information, and provide a double check on providers'
knowledge of drug-specific information (Bates et al. 1998; The Leapfrog Group 2008).
EMR and computerized order entry can also worsen cognitive performance, for instance,
degrading communication and collaboration, replacing old tasks with ones that are more
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difficult, and altering providers' interpretation of data (Campbell et al. 2006; Harrison et al.
2007; Horsky et al. 2005; Pirnejad et al. 2008).

Yet, no single study has explicitly identified and described the many different ways in which
EMR alters cognitive performance. Nor is there a framework for classifying the
performance-altering effects of EMR or any other health IT. Thus, the purpose of the present
study was to identify and describe the cognitive performance-altering effects of EMR by
analyzing data collected at two US hospitals that implemented EMR. In the process of
analyzing those data, a classification framework of the cognitive performance-altering
effects of EMR emerged that could be used for future research on EMR and other health IT.

2. Methods

Data were collected by interviewing physicians using EMR with the aim to take advantage
of EMR users' insight into their own performance, a powerful yet underappreciated source
of information. Interviews can capture information on user-IT interactions in actual clinical
environments, whose turbulence, dynamism, and complexity are difficult to simulate in a
laboratory during a usability test or laboratory-based task analysis. Interviews also provide
insight into things that cannot be easily observed. For example, decision-making or
information-gathering processes may be easier to describe than to observe (Ericsson and
Simon 1980). As another example, phenomena that are distributed in time and space and
that might take months of observations (and good luck) to capture and piece together by an
observer can be more readily described by the very expert user who has been using the IT in
context for months or years. Information gathered through interviews also has limitations:
respondents may not be aware of or able to express important phenomena; the interviewer
may bias responses; and interviews are poorly suited to some work metrics, such as patterns
of task accomplishment or time-on-task. By using interview methods, cognitive performance
was not measured directly, but rather inferred from physicians' accounts of the past and
present, possibly introducing measurement error due to inaccurate or incomplete physician
accounts or to errors in the interpretation of those accounts.

Twenty interviews, each lasting approximately 60 minutes, were conducted with physicians
from two Midwest US hospitals. Information on the two hospitals, on respondents, and on
the EMR systems is provided in Table 1. A purposive (non-random/non-probability)
theoretical sampling strategy (Strauss and Corbin 1990) was used to recruit participants who
could diversify the sample on these attributes: familiarity with health IT; comfort with
technology, in general; and age. Participants were not compensated. Interviews were audio
recorded, with permission of participants. Interviews at Hospital 1 took place June to
October, 2007. Interviews at Hospital 2 took place January to February, 2009. The study
was approved by IRBs at the University of Wisconsin-Madison and at both hospitals.

The interviewer (RJH) was trained as a human factors engineer and psychologist and had
broad experience and training in work measurement, including qualitative interviewing. The
interviewer used a semi-structured interview instrument to elicit a wide range of physician
perceptions about using EMR and particular EMR functions (e.g., order entry). Two broad
questions elicited a majority of perceptions about performance: “What do you believe are
the advantages of using EMR?” and “What do you believe are the disadvantages of using
EMR?” The breadth of those questions was appropriate given the intent of the study to
identify and describe all possible cognitive performance effects of EMR at the two study
sites. Scripted and unscripted follow-up questions and probes elicited further information, as
did scripted questions about normative pressures to use EMR, barriers and facilitators to
using EMR, and the process of implementation. A summary of results pertaining to this
wider set of questions can be found elsewhere (Holden 2010).
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Audio recorded interviews were transcribed verbatim before undergoing a descriptive
coding process (Miles and Huberman 1994; Strauss and Corbin 1990) intended to identify
the themes and nested sub-themes pertaining to EMR-related cognitive performance
changes. Themes were treated as behavioral beliefs (i.e., perceived links between using
EMR and cognitive performance), as defined by the Theory of Planned Behavior (Ajzen
1991). Codes were assigned to passages of transcribed text and organized using QSR NVivo
8 (Cambridge, MA). The percentage of respondents mentioning a given theme or sub-theme
was tabulated.

With respect to quality and validity indicators for qualitative research in health care (Mays
and Pope 2000), this study was strongest in reflexivity (the interviewer/analyst carefully
attended to his role in shaping the data) and attention to negative cases (deviant data and
contradictory data are attended to, not concealed). Although procedures to protect
confidentiality prevented the researcher from validating analyses with interview participants,
manuscripts were shared with clinician contacts at the two study hospitals with a solicitation
for feedback and corrections. In the results, verbatim quotes and the duplication of “in vivo”
terms used by respondents provide readers with the ability to assess the correspondence
between original data and the analyst's interpretation (Spencer et al. 2003). Space
restrictions prevent a full description of data collection and analysis, an important
requirement for assessing the quality of qualitative research (Spencer et al. 2003), but a full
methodological supplement is available from the author upon request. The study was
weakest on the following indicators. Only one theoretic perspective (the HF paradigm) was
applied to the data. Triangulation was limited because only one method, interviews, was
used and interviews were conducted within one group, attending physicians; even so, the
physicians were recruited from two hospitals and differed in sex, age, specialty, and
experience.

Interviews yielded 20.6 hours of analyzed data and 441 transcribed, single-space pages.
Participants identified numerous cognitive performance advantages and disadvantages of
using EMR as well as particular EMR features (e.g., order entry, secure messaging). The
average interview yielded data coded under about 20 different themes about performance,
evenly divided between advantages and disadvantages. The themes are reported in Tables 2
through 6 and themes that came up often are described in more detail below.

3.1. Personal performance advantages (Tables 2 and 3)

Physicians described how EMR eased personal cognitive performance (Table 2a),
particularly the process of accessing information:

“...in order to review the information, um, that's been compiled on a patient, it's a
great and wonderful tool. The amount of information I can review and the ease with
which | can retrieve it is incredible.”

Finding information became a simpler task due to better organization (*“... labs are always
at the labs. X-rays are with the X-rays™) as well as software features such as configurable
displays and sorting/alphabetizing options. The great breadth of information in the EMR was
available in one place and could be consolidated using a summary feature:

“I can quickly get a synopsis of the patient status: his blood pressure, his heart rate,
his weight, his—all the things | have to look at—his drugs, his most recent lab
studies, his older lab studies if I've forgotten and have to review them.”

The ability to access information ““from anywhere at any time” was a commonly cited
performance advantage. Remote access reduced physicians' travel both within and to-and-
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from the hospital and eliminated the need to place phone calls for information. Physicians
could also quickly access information in new settings: from home, in a hotel, or in a
procedure room (e.g., while waiting for or monitoring another patient).

Information could be accessed immediately, whereas previously “you used to have to wait
for a paper chart or you couldn't find the paper chart or it was somewhere sitting on
someone's desk that you couldn't locate.” Now, “with it in the computer, it's always there”
and “‘the information is available to more than one person at one time.”

Accessed information was legible, making it easy for physicians to read and make sense of it
without “trying to decipher cryptic abbreviations and, um, handwriting that, let's say, is less
than optimal,” something that physicians felt greatly affected patient safety.

Although many physicians described how EMR made information retrieval easier, only one
physician believed that electronic data entry improved the ease of documentation,
particularly due to the ability to automatically import previously documented information,
““past history and family history and aspects of social history: those things that don't
change.” None of the physicians using computerized order entry mentioned that the system
eased the ordering process.

EMR use was believed to improve the time efficiency of clinical work in several ways
(Table 2b). This was primarily the case for accessing information. In addition to saving time
not searching for paper charts, physicians did not have to wait as long as before to obtain (a)
laboratory test results (because of “real-time”” uploading of results) or (b) others'
documentation (because “you're no longer limited by, let's say, the turnaround time of
dictations to happen™).

Another advantage of EMR was that it supported higher quality personal cognitive
performance (Table 3). In particular, using EMR improved physicians' situation awareness
(Tenney and Pew 2006) and ability to stay informed: ““I have a moderately high level of
confidence that the data there is accurate and, um, dynamic, that it's, you know, it's going to
be changing over time as the clinical situation changes. And, in other words, it's a reliable
source of data.”

Because test results (e.g., cholesterol, X-rays) were available in the system soon after the
test, physicians were able to be aware of patients' conditions. Physicians could also review
inpatient records while seeing patients in the outpatient clinic or at home prior to arriving at
the hospital, allowing a physician to “mentally prepare myself for what I'm going to do the
next day.” EMR also improved awareness of the more general situation, such as a
physician's workload for the day and which patients were assigned to whom. EMR
supported better communication. Physicians appreciated that EMR allowed them to send
colleagues e-mails or messages within the system containing an entire clinical note or
discharge summary, “a pretty handy tool ... especially when the doctor's out in the hinter
region.” Bi-directional physician-patient communication was made possible by a
convenient, secure messaging system. Additionally, face-to-face information transfer from
physicians to patients improved:

“It's much easier to do that than it was paper ... instead of flipping through the
sheets and saying, well, look at this number on several different sheets, you can put
it all on one line, you can graph it, you can do whatever format that patients would
... find useful.”

At Hospital 2, where EMR was equipped with order entry functionality, the process of
making orders was improved, with specific improvements in order accuracy and improved
ordering due to order sets (a pre-specified collection of orders that EMR recommends for
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certain patient conditions; Bobb et al. 2007). Unexpectedly, only three physicians explicitly
mentioned how EMR improved decision making, although logically, better access to
information potentiates better decision making, as one physician explained:

“...as patients get more complex, the ability to have [an electronic “problem list’] in
a concise way and quickly be able to access it and then find pertinent pieces of
information that help you make integrated decisions is ... high.”

3.2. Personal performance disadvantages (Tables 4 and 5)

All but one physician (from Hospital 1) also readily described cognitive performance
problems. There were numerous examples of how cognitive performance was made more
difficult or complex (Table 4a). For example, some information was difficult to find or
access. Physicians at Hospital 2, for example, thought that both data retrieval and order entry
presented ““a serious overload of information in there, which makes it hard to find what you
really need.” One physician commented on the overwhelming array of options for ordering
medications, leading to “search time issues™: “if | type in the name of the med, | now get a
whole list of various ways that med can be done and | have to search through that to find the
one | want.” This could be contrasted with the paper-based ordering process, wherein a
physician would write out the order as desired, rather than making multiple selections from
structured lists.

More generally, information was only accessible to the extent that you ““know where to get
that data,” explained one physician. She linked this problem to the ability to provide good
patient care:

“So an example would be for alcohol-withdrawal protocol, um, as part of that, they,
the nurses have to document what's called the CIWA... And so it basically gives
you a scale of how much alcohol withdrawal are they really going through. Is it
mild, moderate, severe? Um, because when we're, | mean, we're not at the patient's
bedside all the time, it's hard to know, well, what happened at 2:00 in the morning.

“... But, um, finding the CIWA score is near impossible, unless you know exactly
how to get it. But the nurses are documenting it, and 1'd say that a lot of my
colleagues, they don't even bother to look, because they don't know how ... so they
kind of just look at the patient and say, oh, well, you look pretty good today, so |
guess it isn't all that bad, sort of thing. Um, even though, maybe last night might
have been very bad, uh, and you just don't know it.”

Access difficulties also stemmed from having to switch back and forth between systems

carrying information distributed across different care sites, as different hospitals and clinics
had separate systems despite using the same vendor. Other information could simply not be
accessed, for example, because ““you can't see [a prior progress note] at the same time that
you're writing the new one,” or because information was entirely missing from the system.

Another difficulty in performance was created by the imposition of *““additional work’” and
“an awful lot of extra steps.”” Even though the new demands could be seen as new goal-
relevant performance processes—e.g., medication reconciliation: the comparison of
medications used by the patient versus medications entered in the system—they were often
perceived as barriers to performance or superfluous demands that slowed down physicians'
work. A deeper probing of physicians' comments suggested that there were two reasons for
perceiving that using EMR created so-called extra work. The first was that the EMR
interface was inefficient. A common problem of this sort was the need to click through
numerous screens, options, or warnings when switching between systems, retrieving
information, or entering orders (““it's only two clicks here and a five clicks here, but when
you spend all your life clicking away”’). This was especially the case at Hospital 2, where
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physicians found themselves making numerous selections from the new medication ordering
screens, rather than writing out an order directly (see also Koppel et al. 2005): “So you end
up having to click through all of these things that I think previously took place behind the
scenes. [Before,] the doctor would write, “propranolol, 25 milligrams, p.o. b.i.d.,” and that
would, and that's all, and that would take you two seconds to do. Now [you have] to choose
propranolol, to find the dose, to find all those times ... takes a little bit longer.”” Or as
another physician summarized, ““it's, you know, 10 boxes to click instead of [a] quick
written-out thing™ (for review of time utilization with EMR versus paper, see, e.g., Pizziferri
et al. 2005, and for computerized order entry, see, e.g., Kuperman and Gibson 2003).

The second reason that new EMR related steps in the care delivery process seemed to
impose extra work is related to the above comment about how some work “previously took
place behind the scenes.” Several respondents were clearly frustrated by having to take on
duties that they thought should be done by unit clerks, data entry specialists, pharmacists,
and others. There were several emotional comments to that effect, for example “I'm highly
resentful of the fact that somebody's using me as a very overqualified typist” and “[1] go
through this painful sequence that a monkey can do, over and over again, just to look up like
one number on the computer. | mean, it's really, it's very irritating.”” In Hospital 2, issues of
responsibility for new EMR-related steps came to a head when nurses originally refused to
enter physicians' verbal orders into the system. After some time, it was decided that ““if you
phoned in orders ... the nurses would still take them and put them into the computer,” which
physicians explained was important when, for example, a physician was in the car.
However, the struggle over who would do the extra work remained:

“So there's a surgeon who walks three steps down the hall and takes out his cell
phone and calls the nurse. He can't give her the orders verbally, but if he calls them
in, she has to put in all the orders for him. And he essentially does all of his orders
that way.”

Similar workarounds included writing out orders on paper for nurses to enter or simply
having nurses or technicians do the ordering. Clearly, some physicians resented “inheriting”
the inefficiencies and extra steps of the EMR software and workflow.

Related, there were numerous comments about how using the system was a burden, difficult
to direct (“very difficult to kind of make it do what I think a clinician does”™), difficult to
navigate, and especially difficult to enter data.

A final type of difficulty was the creation of blocks in performance, such as allergy
warnings that physicians now had to address when ordering medications (“you’ll have to
click through a screen and it'll just keep, it'll give you all these reactions, so you'll see a lot
of potential reactions that are not clinically relevant’) or a required sequence of events that
had to be followed (““[if] the doc that's requesting [a consult] hasn't actually put in the
request ... you can't basically do this consult™).

In part due to the above difficulties, using EMR rendered cognitive performance less time
efficient (Table 4b). Two common themes emerged on that topic: loss of time and having to
wait. Time was lost in several ways:

«  “I feel like I spend more time during the day actually logging in and out of [EMR
System] than actually filling out an order set, or ... seeing the information that |
want.”

*  “You get a phone message. The nurse takes a message, has to type it all out, sends
it to me. | have to respond, type it out, give it back, and sometimes we go back and
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forth. And so that [takes a lot of time] ... whereas before, we used to like verbally
communicate, talk back and forth, write a quick note or something...”

*  “] can document much faster writing.”

o *...[you are] wasting your time reading something that says the same thing that it
said yesterday [because a note was copy-and-pasted].”

Extra waiting occurred when starting the hardware or software, when dealing with hardware
or software that is “‘slow as molasses,”” waiting for nurses to do something in the system
(““and basically, I had to hang around until they figured it out™), or when certain laboratory
results—namely, radiology and EKG reports—were not being entered in a timely way
(“there’s definitely a lag, and some of these EKG reports, | don't see after the patient
goes™).

The quality of cognitive performance was also seen to suffer as a result of using EMR
(Table 5). Just as EMR improved situation awareness in some ways, it also reduced situation
awareness in several others. First, some physicians felt that “data transmission about the
patient is less personal and less complete” and physicians referred to electronic clinical
notes as ““generic,” “pre-formed,” and ““short,” pointing out that ““the information may be
there, but it is not very well presented ... there's no room for commentary by the physicians
filling out this computerized form.” Clinical notes could become unwieldy because of the
ability to automatically repeat (or “blow in”) information: “because it's easy to blow all this
information in, notes become really long and, and a lot of what's in there is not useful to the
person reading the note.” Moreover, information could be missing; some of the
fragmentation of data made it difficult to take in the gestalt or to see trends; and feedback
could be inadequate, preventing physicians from having an accurate, updated sense of the
situation.

Another performance problem related to gaining accurate information was that ““it's very
hard to tell what the physician was thinking now with the way most physicians document.”
Some described this as a problem of “garbage in-garbage out,” or, in other words, “the
note is only as good as the content in the note. And there's some people who put enough into
the note so that I could follow their train of thought, and some do not.”” Physicians voiced
frustration with notes that were too short or that contained redundant copy-and-pasted
information, with the result that ““you have no idea what the other person's thinking.”

Physicians also talked about how EMR ““diverts your focus away from your primary task,”
usually direct patient care. Reasons for diverted attention included information overload
(““you can get distracted because there's so much information there [referring to alerts]”),
the attention demands of typing (““‘when I'm typing, I'm not thinking so much about the
content than about the process of getting, you know, the characters into the keyboard
correctly’), and concurrent demands (“‘you're focused on, let's say, you're trying to ... put in
an order, and you have to take care of your patient at the same time””).

Other problems included worsened communication and an overreliance on information that
was possibly incorrect, sometimes due to errors created and perpetuated by copying and
pasting information (see also Thielke et al. 2007):

“given that, it is much easier to import information into your documentation, um,
there's less rigor ... to verifying that information. So I've found that errors that end
up in the computerized medical record tend to be perpetuated.”

Cogn Technol Work. Author manuscript; available in PMC 2011 April 8.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Page 11

3.3. Effect on others' performance (Table 6)

Not only did physicians relate ways in which EMR improved (or worsened) their own
cognitive performance, they also saw effects on colleagues' (Table 6a) and patients' (Table
6b) performance. At Hospital 2, where physicians were entering (mostly) electronic clinical
notes and orders, most respondents saw how the increased legibility helped fellow
physicians, nurses, and pharmacists to make better sense of notes/orders and to avoid
wasting time (e.g., trying to decipher orders or calling to clarify illegible handwriting).

Patients' cognitive performance improved in that outpatients could better care for themselves
and comply with orders due to now being able to ““access test results or communicate ... by
e-mail”” and with electronic records ““patients aren't going to lose the prescription.” One
physician talked about the patient performance benefits of the EMR's discharge reports and
after-visit summaries:

“...my practice is internal medicine, somewhat elderly practice, and, you know,
their ability to take on a lot of information is challenged, you know. And so it's
good for them to have something to refer to. And at the end of every visit, there's
part of the technology that's called an after-visit summary, and that's really an
important routing tool for next steps.”

On the other hand, some physicians saw how EMR functionality worsened (or at least failed
to improve) patients' self-care performance. Namely, they felt that discharge notes (1) do not
guarantee better-informed patients (“if they don't see it [a particular datum in the note], they
don't get it””) and (2) are written for medical professionals, not for lay people:

“The reader needs to be the patient, so that the patient is clear about what they're
supposed to be doing at home. But some of that wording is understood that, um,
there's other medical personnel reading it ... the verbiage needs to be different”

3.4. Comparisons of paper and electronic records

Often, physicians made explicit comparisons between the new EMR and “the paper world,”
many of which were already mentioned above, for example, that writing with pen on paper
was faster than typing. The bulk of comparisons can be summarized into four major themes,
and from each theme, designers of paper and electronic records may extract important
design challenges.

First, without exception, EMR was believed to outperform paper records in accessibility
because of the omnipresence of electronic records, compared to paper charts that needed to
be found and waited on (if someone else was using them). Additionally, as a single, physical
document, the chart could not be taken too far away from its typical location for perusal or
data entry. The trade-off was the extra time required to load up the EMR software.

Second, electronic and paper systems differed considerably in how they could be
manipulated and the flexibility that they allowed. On the one hand, electronic features were
thought to allow for better compiling, graphing, and searching of information than was
possible with large charts that were sometimes arranged haphazardly and often contained
extraneous documents. On the other hand, physicians reported that they lost the ability to
manipulate the records like they used to: flipping quickly through the chart, putting two
pages side by side, circling important values on paper, and removing extraneous
information. The lack of manipulability implied an inflexible electronic system that was
difficult to direct, as in this example: A physician reported having to go through the “stupid
redundancy” of deleting and immediately re-entering orders for female patients who had just
given birth, because the EMR did not know that it was dealing with the same patient who
was simply being transferred from one unit (labor and delivery) to another (postpartum).
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Third, computerization of data was perceived to reduce the fragmentation caused by paper
records. In the paper system, information could be spread across multiple charts or similar
information could be in different parts of the same chart because it was entered
chronologically and by different people. A physician referring to the paper world of the past
said that it was sometimes easier to order a new test rather than searching around to see if
one had already been done. At the same time, EMR introduced different problems of
fragmentation, because multiple clicks were sometimes necessary to access related
information, some previously accessible information (e.g., therapy notes) ended up buried
deep in the EMR's information structure, and the EMR imposed a new, less familiar, way of
organizing information.

Fourth, paper and electronic records systems were intricately tied to contrasting work
practices. Those different practices required physicians to use different skills, assigned to
them different responsibilities, and may even have facilitated different local cultures. In the
paper world, some information was manually or verbally transmitted: physicians copied
information from clipboards to the full chart; nurses passed physicians' instructions to
patients; unit clerks conveyed test orders to laboratories; nurses provided physicians with
status updates; physicians waited on the dictation service to add information to the chart.
With electronic records, information went into the EMR system and could be retrieved
directly (or printed for patients). Some physicians perceived that in the paper world,
information was not always managed reliably or in a timely manner (e.g., “historically what
we tended to do was take an action and record it later at some point™). New forcing
functions in the electronic record, for example, the requirement to verify and update the
problem list before the EMR software could be closed, were thought to facilitate new
information management practices: “It was easier in the past to just kind of let things go, let
them fall through the cracks ... the piece of paper that the problem list was on would be
buried in the chart ... Now it's there. It's in your face all the time.” Yet, the new practices of
physicians entering information directly brought about by a central, electronic database,
required new skills, such as navigating software and typing, with which physicians were less
comfortable. As another example, physicians had to learn to specify orders differently; one
physician contrasted writing down “KUB” on paper to order an abdominal X-ray and the
electronic procedure of selecting from a list of over ten options. Of course, with the
electronic system physicians were not doing new work, but rather doing the work that
someone else had previously done. In the abdominal X-ray episode, the physician, unsure of
which specific X-ray to order, called to the radiology department to ask “I want to order this,
how do | do this?” It is probable that the radiology department, upon receiving an order for
only “KUB” in the paper world, made the decisions that the physician now had to make in
the electronic world. Physicians described how pharmacists would previously fill in details,
such as the timing or route of medications, for which physicians were now responsible. In
other words, the nature of the medical record determined the responsibilities for certain
work, and as described above, physicians sometimes resented shifts in responsibilities. Some
physicians perceived that changing procedures and shifts in responsibilities even altered the
work culture, for example, at least initially eliminating the implicit assumption that nurses
would enter verbal orders on behalf of physicians at Hospital 2.

The above differences between paper and electronic systems suggest at least four
considerations for those designing and implementing medical records, paper-based or
electronic: omnipresence/access, manipulability/flexibility, integration rather than
fragmentation, and awareness of the procedures that are linked to different systems.
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4. Discussion

If the impact of EMR on patient safety is mediated by changes in providers' performance
(Karsh, Holden et al. 2006), then the many EMR-driven changes in cognitive performance
described above provide numerous specific mechanisms by which EMR both improves and
worsens patient safety. In addition to confirming several commonly hypothesized
performance benefits of EMR (e.g., faster access to information), this study revealed many
others. Each performance benefit of EMR described above is a hypothetical mechanism by
which EMR improves safety. Likewise, each of the many ways in which performance was
found to suffer is a candidate mechanism explaining why some errors persist, new errors
surface, and patient safety is worsened when EMR and other health ITs are introduced (e.g.,
Aarts and Koppel 2009; Campbell et al. 2006; Han et al. 2005; Koppel et al. 2005;
McDonald 2006; Weiner et al. 2007).

Present findings parallel those of qualitative research on EMR and CPOE that has identified
possibly undesirable consequences of EMR. For example, work by Ash and colleagues has
also revealed unintended consequences such as slow-downs in work and ease of use
problems, extra burdens and difficulties particularly when entering data, a loss of situation
awareness and the big picture, problems due to copying and pasting, system inflexibility
creating blocks in performance, and communication problems (Ash et al. 2004; Ash et al.
2009; Campbell et al. 2006). Despite originally focusing on unanticipated, undesirable
consequences, Ash et al later presented a broader framework inclusive of consequences that
are anticipated and desirable (Ash et al. 2007). In the present study, broad sets of both
desirable and undesirable performance consequences of EMR were identified. It cannot be
argued from the present findings that EMR is deterministically good or deterministically bad
for cognitive performance. Indeed, sometimes the very same EMR properties (e.g., the
“copy-paste” function) that improved performance (e.g., saved time) also worsened it (e.g.,
made it difficult to know what colleagues were thinking because notes became less
meaningful). Work by Harrison and colleagues similarly shows how EMR transforms the
work system and work patterns, often in unintended ways (Harrison and Koppel 2010;
Harrison et al. 2007). In addition, those authors make explicit that change is not
unidirectional; instead, clinicians also adapt EMRs and other work system components and
use EMR in different ways from what designers intended. One commonly reported
adaptation is the use of workaround strategies to deal with blocks in performance (Ash et al.
2004; Koppel et al. 2008; Patterson et al. 2006; VVogelsmeier et al. 2008), a phenomenon
found in this study as well (see Section 3.2). Adaptations are ubiquitous because they allow
clinicians to cope with existing health care complexity and with new complexity introduced
by the integration of IT, but adaptations may also increase risk (Harrison and Koppel 2010;
Holden, Alper et al. 2008). Therefore, further research is needed to explore how both IT and
clinicians' adaptations result in altered cognitive performance and the implications for
patient safety.

This study did not intend to produce an exhaustive account of the cognitive performance
effects of all EMR systems, much less of all health ITs. Different implementations of IT in
different systems will likely yield different specific performance effects, although the
general categories may be similar to the ones here. While physician respondents probably
described performance effects that would not be easily discoverable using observations or
other methods, respondents may not have mentioned other EMR effects because they
occurred outside of their experience or awareness (or because respondents could not or
chose not to articulate certain things), a limitation of interview methods. Thus, it is possible
that some performance effects of EMR were not captured by this study. (Another issue with
using interviews to capture performance changes is that while perceptions/beliefs are
important causes of EMR acceptance, resistance, and use behavior [Holden and Karsh 2009,
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2010], whether there is also a relationship between perceptions and actual patient safety
outcomes is a question requiring further research.)

Even though generalizing from the sample to the population (in the traditional sense) was
not an aim of the study, study findings can be used in several other ways. First, they
demonstrate how an EMR system has many desirable and undesirable consequences for
clinical work performance, rather than merely “improved safety” or “worsened safety.”
Cognitive performance effects of EMR are tractable; they can be measured using interviews,
among other methods. The present study was limited to interviews, only, but a combination
of methods will be needed to triangulate on the phenomenon of cognitive performance
changes resulting from EMR implementation (for an excellent example of triangulation in
an EMR study, see Carayon et al. 2009). For future research, in addition to using interviews,
performance measures might be obtained through surveys, laboratory simulation of IT use
(Lin et al. 2001), and by using comprehensive observation methods such as work system
analysis (Karsh and Alper 2005) and work domain analysis (Roth 2008). Miller et al (2009)
provide an excellent example of the use of work domain analysis to study the effect of
electronic and paper-based presentation of clinical information on physicians' and nurses'
decision making performance.

A second use of study findings is as building blocks for a theoretic framework that can be
applied to other cases of health IT; in that way, the findings may not be “generalizable” but
are perhaps “transferrable” (Sjoberg et al. 1991). Indeed, the structure of cognitive
performance effects that emerged (i.e., Tables 2 to 6) is an important contribution in that it
represents a place to start for building a much-needed theory of how health IT affects
cognitive performance. The categories in Tables 2 to 6 can be used as a framework for
subsequent interviews, observations, surveys, laboratory/simulation studies, and case study
analyses. Third, each cognitive performance effect reported here can be linked to a “system”
cause and therefore addressed through work system design, something that is discussed next.

Why study cognitive performance effects when the ultimate goal is safety? First, Figure 1
shows that performance is the path by which safety goals are achieved (or failed) in a work
organization. This is how EMR or any other health IT can impact safety—indirectly, by way
of performance, not directly. Technology only causes errors or accidental harm directly in
rare cases such as the Therac-25 accidents, in which a “bug” in the software and lacking
hardware interlocks led a radiation therapy machine to deliver lethal doses of radiation
(Casey 1993). But even software bugs can have their effect through cognitive performance:
for example, the EMR software upgrade at the Veterans Administration (VA) included bugs
that led providers to have inaccurate (or difficult to find) information for decision making
and for carrying out procedures (Kuehn 2009). As long as providers use technology to assist
them in carrying out cognitive work, rather than the technology doing the work itself, the
safety effects of IT in health care will be predominantly routed through cognitive
performance.

A second reason to study cognitive performance is that, as depicted in Figure 1 and
described in the results, EMR-related performance changes affect not only safety, but also
the speed and quality of care (Steele and DeBrow 2008), provider frustration (Sittig et al.
2005), and the efficient utilization of organizational resources (e.g., judicious ordering of
tests). Studying performance means studying the causes of those important outcomes, not
just of error and harm.

Third, by studying cognitive performance in a newly-computerized work place, one learns
about the ways in which workers adapt and make strategic alterations to their environment,
including to IT, in order to prevent new IT from disrupting performance and to keep
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performance effects from compromising patient safety (Harrison et al. 2007; Holden, Alper
et al. 2008; Kaplan 1997). Such frequent, adaptive or resilient behavior cannot be captured
by studying IT-related changes in error rates or harm and requires more attention to how
actual performance of computer-assisted technical work occurs (Patterson et al. in press).

Fourth, the causes of cognitive performance cannot be traced to a single element of the work
system, implied in the differences in how “A” is labeled in Figure 1c vs. Figure 1d.
Performance is shaped by a very much multifaceted, dynamically interacting work system
(Carayon et al. 2006; Karsh, Holden et al. 2006). This means that if one is motivated to
understand cognitive performance in an EMR-enabled clinical setting, one will avoid
focusing on the EMR in isolation, as it is inconceivable that a technology in isolation will
shape complex work performance (see Harrison et al. 2007; Holden, Scanlon et al. 2008).
To really understand the causes of performance, one will need to change the unit of analysis
from technology/EMR in isolation to the human-technology joint cognitive system/team
(Hollnagel and Woods 2005; Klein et al. 2004), the person-machine-context triple (Hoffman
et al. 2002), the human-technology-organization triad (Oedewald and Reiman 2007), or to
an even a broader interactive sociotechnical system, e.g., of human-task-technology-
organization-environment (Carayon 2006; Karsh, Holden et al. 2006; Vincent 2006). Thus,
focusing on performance means focusing on the multifaceted, interactive systems that shape
performance, rather than on a single non-human element in the system (e.g., a technology
like EMR, a tool like a checklist, an organizational element like teamwork training, etc.);
this is the real strength of a “systems approach” to safety, not a shift from one isolated
system component (human) to another (technology) (Holden 2009; Reason 2000).

One way to make the systems approach a functional and productive part of health IT
research and practice is to specify the degree of fit between IT and the other work system
elements (e.g., physical environment, task requirements, users' abilities), with the
assumption that fit or misfit is the primary cause of performance advantages or
disadvantages. IT-work system fit has received much attention in information science
research (Goodhue and Thompson 1995; Ivari 1992; Markus and Robey 1983) and is a
promising approach for health IT research and practice (Aarts et al. 2004; Ammenwerth et
al. 2006; Holden and Karsh 2009, 2010; Holden and Karsh; Kaplan 2001; Karsh, Escoto et
al. 2006; Karsh et al. 2009). Working backwards, one could take the performance
consequences in Tables 2 to 6, and for each, infer or extract from respondents' comments the
interacting system elements that played a part in the performance effect. One could then
estimate the degree of fit between the elements and propose design interventions aimed at
improving or maintaining fit. For that, HF methods, theory, and expertise (Saleem et al.
2009) will be very valuable, as managing work system interactions in order to achieve
improvement goals is arguably the very purpose of human factors (Wilson 2000).

5. Conclusion

Health IT, when “intimately woven into the [work] system” (Perry et al. 2005), has a
multitude of effects on how clinicians perform cognitive work, as was shown here with the
case of physicians using EMR for patient care. By highlighting cognitive performance, and
the performance effects of interventions such as EMR, the human factors paradigm provides
a mechanistic account of how work systems and “systems change” improve or worsen
patient safety and other key outcomes. An important goal for the patient safety discipline, in
general, should be to describe the mechanism by which system design alters patient safety,
be that mechanism cognitive performance, as in the present case, or something else, such as
resilience/high reliability (Emanuel et al. 2008; Patterson et al. in press), “team play,”
(Dekker and Woods 2002) or making systems “lean” (Ballé and Régnier 2007; Spear 2005).

Cogn Technol Work. Author manuscript; available in PMC 2011 April 8.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Page 16

Acknowledgments

The author thanks study participants and Geoffrey Priest, Christine Baker, and Bradley Schmidt. Three anonymous
reviewers provided many helpful suggestions. This research was completed as part of a doctoral dissertation under
the supervision of Ben-Tzion Karsh. RJH was supported by a pre-doctoral training grant from the National
Institutes of Health (1 TL1 RR025013-01) and a post-doctoral training grant from the Agency for Healthcare
Research and Quality (5 T32 HS000083-11).

References

Aarts J, Doorewaard H, Berg M. Understanding implementation: The case of a computerized physician
order entry system in a large Dutch university medical center. J Am Med Inform Assoc. 2004;
11:207-216. [PubMed: 14764612]

Aarts J, Koppel R. Implementation of computerized physician order entry in seven countries. Health
Aff. 2009; 28:404-414.

Ajzen 1. The Theory of Planned Behavior. Organizational Behavior and Human Decision Processes.
1991; 50:179-211.

Ammenwerth, E.; lller, C.; Mahler, C. IT-adoption and the interaction of task, technology and
individuals: A fit framework and a case study. BMC Med Inform Decis Mak. 2006.
http://www.biomedcentral.com/1472-6947/1476/1473

Ash JS, Bates DW. Factors and forces affecting EHR system adoption: Report of a 2004 ACMI
discussion. J Am Med Inform Assoc. 2005; 12:8-12. [PubMed: 15492027]

Ash JS, Berg M, Coiera E. Some unintended consequences of information technology in health care:
The nature of patient care information system-related errors. J Am Med Inform Assoc. 2004;
11:104-112. [PubMed: 14633936]

Ash JS, Sittig DF, Dykstra R, Campbell E, Guappone K. The unintended consequences of
computerized provider order entry: Findings from a mixed methods exploration. Int J Med Inform.
2009; 78S:569-S76. [PubMed: 18786852]

Ash JS, Sittig DF, Dykstra RH, Guappone K, Carpenter JD, et al. Categorizing the unintended
sociotechnical consequences of computerized provider order entry. Int J Med Inform. 2007;
76S:521-S27. [PubMed: 16793330]

Ballé M, Régnier A. Lean as a learning system in a hospital ward. Leadersh Health Serv. 2007; 20:33—
41.

Bates DW, Leape LL, Cullen DJ, Laird N, Peterson LA, et al. Effect of computerized physician order
entry and a team intervention on prevention of serious medication errors. JAMA. 1998; 280:1311—
1316. [PubMed: 9794308]

Blumenthal D, Glaser JP. Information technology comes to medicine. N Engl J Med. 2007; 356:2527—
2534. [PubMed: 17568035]

Bobb AM, Payne TH, Gross PA. Viewpoint: Controversies surrounding use of order sets for clinical
decision support in computerized provider order entry. J Am Med Inform Assoc. 2007; 14:41-47.
[PubMed: 17068352]

Campbell EM, Sittig DF, Ash JS, Guappone KP, Dykstra RH. Types of unintended consequences
related to computerized provider order entry. J Am Med Inform Assoc. 2006; 13:547-556.
[PubMed: 16799128]

Carayon P. Human factors of complex sociotechnical systems. Appl Ergon. 2006; 37:525-535.
[PubMed: 16756937]

Carayon P, Schoofs Hundt A, Karsh B, Gurses AP, Alvarado CJ, et al. Work system design for patient
safety: the SEIPS model. Qual Saf Health Care. 2006; 15:i50—-i58. [PubMed: 17142610]

Carayon P, Smith P, Hundt AS, Kuruchittham V, Li Q. Implementation of an electronic health records
system in a small clinic: The viewpoint of clinic staff. Behav Inf Technol. 2009; 28:5-20.

Casey, SM. Set Phasers on Stun: And Other True Tales of Design, Technology, and Human Error.
Aegean; Santa Barbara, CA: 1993.

Chaudhry B, Wu S, Maglione M, Mojica W, Roth E, et al. Systematic review: Impact of health
information technology on quality, efficiency, and costs of medical care. Ann Intern Med. 2006;
144:E12-E22.

Cogn Technol Work. Author manuscript; available in PMC 2011 April 8.


http://www.biomedcentral.com/1472-6947/1476/1473

1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Holden

Page 17

Dekker SWA. Doctors are more dangerous than gun owners: A rejoinder to error counting. Hum
Factors. 2007; 49:177-184. [PubMed: 17447661]

Dekker SWA, Woods DD. MABA-MABA or Abracadabra? Progress on human-automation co-
ordination. Cogn Technol Work. 2002; 4:240-244.

Dempsey PG, Wogalter MS, Hancock PA. What's in a name? Using terms from definitions to examine
the fundamental foundation of human factors and ergonomics science. Theor Issues Ergon Sci.
2000; 1:3-10.

Eddy DM. Performance measurement: Problems and solutions. Health Aff. 1998; 4:7-25.

Emanuel, L.; Berwick, D.; Conway, J.; Combes, J.; Hatlie, M., et al. What exactly is patient safety?.
In: Henriksen, K.; Battles, JB.; Keyes, MA.; Grady, ML., editors. Advances in Patient Safety: New
Directions and Alternative Approaches AHRQ Publication No 08-0034-1. Vol. 1. Assessment
Agency for Healthcare Research and Quality; Rockville, MD: 2008.

Ericsson KA, Simon HA. Verbal reports as data. Psychol Rev. 1980; 87:215-251.

Furukawa MF, Raghu TS, Spaulding TJ, Vinze A. Adoption of health information technology for
medication safety in U.S. hospitals, 2006. Health Aff. 2008; 27:865-875.

Goodhue DL, Thompson RL. Task-technology fit and individual performance. MIS Quart. 1995;
19:213-236.

Han YY, Carcillo JA, Venkataraman ST, Clark RSB, Watson RS, et al. Unexpected increased
mortality after implementation of a commercially sold computerized physician order entry system.
Pediatrics. 2005; 116:1506—1512. [PubMed: 16322178]

Harrison, Ml.; Koppel, R. Interactive sociotechnical analysis: Identifying and coping with unintended
consequences of IT implementation. In: Khoumbati, K.; Dwivedi, YK.; Srivastava, A.; Lal, B.,
editors. Handbook of Research on Advances in Health Informatics and Electronic Healthcare
Applications: Global Adoption and Impact of Information Communication Technologies. I1GI
Global; Hershey, PA: 2010. p. 31-49.

Harrison MlI, Koppel R, Bar-Lev S. Unintended consequences of information technologies in health
care--An interactive sociotechnical analysis. J Am Med Inform Assoc. 2007; 14:542-549.
[PubMed: 17600093]

Henriksen, K.; Battles, JB.; Keyes, MA.; Grady, ML., editors. AHRQ Publication No 08-0034.
Agency for Healthcare Research and Quality; Rockville, MD: 2008. Advances in Patient Safety:
New Directions and Alternative Approaches.

Hoffman RR, Hancock PA, Ford KM, Hayes P. The triples rule. IEEE Intell Syst. 2002; 17:62-65.

Holden RJ. People or systems? To blame is human. The fix is to engineer. Professional Safety. 2009
December.:34-41.

Holden RJ. Physicians' beliefs about using EMR and CPOE: In pursuit of a contextualized
understanding of health IT use behavior. Int J Med Inform. 2010; 79:71-80. [PubMed: 20071219]

Holden, RJ.; Alper, SJ.; Scanlon, MC.; Murkowski, K.; Rivera, AJ., et al. Challenges and problem-
solving strategies during medication management: A study of a pediatric hospital before and after
bar-coding. Paper presented at the Proceedings of the 2nd International Conference on Healthcare
Systems Ergonomics and Patient Safety; Strasbourg, France. 2008.

Holden RJ, Karsh B. A theoretical model of health information technology usage behaviour with
implications for patient safety. Behav Inf Technol. 2009; 28:21-38.

Holden RJ, Karsh B. The Technology Acceptance Model: Its past and its future in health care. J
Biomed Inform. 2010; 43:159-172. [PubMed: 19615467]

Holden, RJ.; Scanlon, MC.; Brown, RL.; Karsh, B. What is IT? New conceptualizations and measures
of pediatric nurses' acceptance of bar-coded medication administration information technology.
Annual Meeting of the Human Factors and Ergonomics Society; 2008. p. 768-772.

Hollnagel E. Cognitive ergonomics: It's all in the mind. Ergonomics. 1997; 40:1170-1182.

Hollnagel, E.; Woods, DD. Joint Cognitive Systems: Foundations of Cognitive Systems Engineering.
CRC Press; New York: 2005.

Hollnagel, E.; Woods, DD.; Leveson, N., editors. Resilience Engineering: Concepts and Precepts.
Ashgate; Aldershot, UK: 2006.

Cogn Technol Work. Author manuscript; available in PMC 2011 April 8.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Holden

Page 18

Horsky J, Kuperman GJ, Patel VL. Comprehensive analysis of a medication dosing error related to
CPOE. J Am Med Inform Assoc. 2005; 12:377-382. [PubMed: 15802485]

Institute of Medicine. To Err is Human: Building a Safer Health System Institute of Medicine Report
on Medical Errors. National Academies Press; Washington, DC: 2000.

Institute of Medicine. Key Capabilities of an Electronic Health Record System. National Academies
Press; Washington, DC: 2003.

Institute of Medicine. Preventing Medication Errors. National Academies Press; Washington, DC:
2007.

Ivari J. The organizational fit of information systems. J Inform Syst. 1992; 2:3-29.

Jha AK, DesRoches CM, Campbell EG, Donelan K, Rao SR, et al. Use of electronic health records in
U.S. hospitals. N Engl J Med. 2009; 360:1628-1638. [PubMed: 19321858]

Jha AK, Doolan D, Grandt D, Scott T, Bates DW. The use of health information technology in seven
nations. Int J Med Inform. 2008; 77:848-854. [PubMed: 18657471]

Kaplan B. Addressing organizational issues into the evaluation of medical systems. J Am Med Inform
Assoc. 1997; 4:94-101. [PubMed: 9067875]

Kaplan B. Evaluating informatics applications—some alternative approaches: Theory, social
interactionism, and call for methodological pluralism. Int J Med Inform. 2001; 64:39-56.
[PubMed: 11673101]

Karsh, B.; Alper, SJ. Advances in patient safety: From research to implementation. Agency for
Healthcare Research and Quality; Rockville, MD: 2005. Work system analysis: the key to
understanding health care systems; p. 337-348.

Karsh B, Escoto KH, Beasley JW, Holden RJ. Toward a theoretical approach to medical error
reporting system research and design. Appl Ergon. 2006; 37:283-295. [PubMed: 16182233]

Karsh B, Holden RJ, Alper SJ, Or CKL. A human factors engineering paradigm for patient safety —
designing to support the performance of the health care professional. Qual Saf Health Care. 2006;
15:i59-i65. [PubMed: 17142611]

Karsh B, Holden RJ, Escoto KH, Alper SJ, Scanlon MC, et al. Do beliefs about hospital technologies
predict nurses' perceptions of quality of care? A study of task-technology fit in two pediatric
hospitals. Int J Hum Comput Interact. 2009; 25:374-389.

Kaushal R, Bates DW. Information technology and medication safety: What is the benefit? Qual Saf
Health Care. 2002; 11:261-265. [PubMed: 12486992]

Klein G, Ross KG, Moon BM, Klein DE, Hoffman RR, et al. Macrocognition. IEEE Intell Syst. 2003;
18:81-85.

Klein G, Woods DD, Bradshaw JM, Hoffman RR, Feltovich PJ. Ten challenges for making
automation a “team player” in joint human-agent activity. IEEE Intell Syst. 2004; 19:91-95.
Koppel R, Metlay JP, Cohen A, Abaluck B, Localio AR, et al. Role of computerized physician order
entry systems in facilitating medication errors. JAMA. 2005; 293:1197-1203. [PubMed:

15755942]

Koppel R, Wetterneck TB, Telles JL, Karsh B. Workarounds to barcode medication administration
systems: Their occurrences, causes, and threats to patient safety. J Am Med Inform Assoc. 2008;
15:408-423. [PubMed: 18436903]

Kuehn BM. IT vulnerabilities highlighted by errors, malfunctions at VVeterans' Medical Centers.
JAMA. 2009; 301:919-920. [PubMed: 19258573]

Kuperman GJ, Gibson RF. Computer physician order entry: Benefits, costs, and issues. Ann Intern
Med. 2003; 139:31-39. [PubMed: 12834316]

Leape LL. Errors in medicine. Clin Chim Acta. 2009; 404:2-5. [PubMed: 19302989]

Lin L, Vicente KJ, Doyle DJ. Patient safety, potential adverse drug events, and medical device design:
A human factors engineering approach. J Biomed Inform. 2001; 34:274-284. [PubMed:
11977809]

Markus ML, Robey D. The organizational validity of management information systems. Hum Relat.
1983; 36:203-226.

Mays N, Pope C. Qualitative research in health care: Assessing quality in qualitative research. Br Med
J. 2000; 320:50-52. [PubMed: 10617534]

Cogn Technol Work. Author manuscript; available in PMC 2011 April 8.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Holden

Page 19

McDonald CJ. Computerization can create safety hazards: A barcoding near miss. Ann Intern Med.
2006; 144:510-516. [PubMed: 16585665]

Miles, MB.; Huberman, AM. Qualitative Data Analysis. Sage; Thousand Oaks, CA: 1994.

Miller A, Scheinkestel C, Steele C. The effects of clinical information presentation on physicians' and
nurses' decision-making in ICUs. Appl Ergon. 2009; 40:753-761. [PubMed: 18834970]

Miller RH, Sim I. Physicians' use of electronic medical records: Barriers and solutions. Health Aff.
2004; 23:116-126.

National Alliance for Health Information Technology. Defining Key Health Information Technology
Terms [Electronic Version]. 2008. Retrieved June 13 2008 from
http://definitions.nahit.org/doc/HITTermsFinalReport_051508.pdf

Oedewald, P.; Reiman, T. Special characteristics of safety critical organizations: Work psychological
perspective. VTT Technical Research Centre; Espoo, Finland: 2007.

Palmieri PA, Peterson LT, Ford EW. Technological iatrogenesis: New risks force heightened
management awareness. J Healthc Risk Manag. 2009; 27:19-24. [PubMed: 20200891]

Parente ST, McCullough JS. Health information technology and patient safety: Evidence from panel
data. Health Aff. 2009; 2:357-360.

Patterson, ES.; Cook, RI.; Woods, DD.; Render, ML. Gaps and resilience. In: Bogner, MS., editor.
Human Error in Medicine. 2nd. Erlbaum; Hillsdale, NJ: in press

Patterson ES, Rogers ML, Chapman RJ, Render ML. Compliance with intended use of bar code
medication administration in acute and long-term care: An observational study. Hum Factors.
2006; 48:15-22. [PubMed: 16696253]

Pedersen CA, Gumpper KF. ASHP national survey on informatics: Assessment of the adoption and
use of pharmacy informatics in U.S. hospitals—2007. Am J Health Syst Pharm. 2008; 65:2244—
2264. [PubMed: 19020193]

Perry SJ, Wears RL, Cook RI. The role of automation in complex system failures. J Patient Saf. 2005;
1:56-61.

Pirnejad H, Niazkhani Z, van der Sijs H, Berg M, Bal R. Impact of a computerized physician order
entry system on nurse-physician collaboration in the medication process. Int J Med Inform. 2008;
77:735-744. [PubMed: 18514020]

Pizziferri L, Kittler AF, Volk LA, Honour MM, Gupta S, et al. Primary care physician time utilization
before and after implementation of an electronic health record: A time-motion study. J Biomed
Inform. 2005; 38:176-188. [PubMed: 15896691]

Postle BR. Working memory as an emergent property of the mind and brain. Neuroscience. 2006;
139:23-38. [PubMed: 16324795]

Reason J. Human error: Models and management. Br Med J. 2000; 320:768-770. [PubMed:
10720363]

Reckmann MH, Westbrook JI, Koh Y, Lo C, Day RO. Does computerized provider order entry reduce
prescribing errors for hospital inpatients? A systematic review. J Am Med Inform Assoc. 2009;
16:613-623. [PubMed: 19567798]

Roth EM. Uncovering the requirements of cognitive work. Hum Factors. 2008; 50:475-480. [PubMed:
18689056]

Saleem JJ, Russ AL, Johnson TR, Zhang J, Sittig DF. Current challenges and opportunities for better
integration of human factors research with development of clinical information systems. Yearb
Med Inform. 2009:48-58. [PubMed: 19855872]

Shekelle, PG.; Morton, SC.; Keeler, EB. Evidence Report/Technology Assessment No 132. Agency
for Healthcare Research and Quality; Rockville, MD: 2006. Costs and Benefits of Health
Information Technology.

Silver MP, Geis MS, Bateman KA. Improving health care systems performance: A human factors
approach. Am J Med Qual. 2004; 19:93-102. [PubMed: 15212314]

Sittig DF, Krall M, Kaalaas-Sittig J, Ash JS. Emotional aspects of computer-based provider order
entry: A qualitative study. J Am Med Inform Assoc. 2005; 12:561-567. [PubMed: 15905478]

Cogn Technol Work. Author manuscript; available in PMC 2011 April 8.


http://definitions.nahit.org/doc/HITTermsFinalReport_051508.pdf

1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Holden

Page 20

Sjoberg, G.; Williams, N.; Vaughan, TR.; Sjoberg, AF. The case study approach in social research:
Basic methodological issues. In: Feagin, JR.; Orum, AM.; Sjoberg, G., editors. A Case for the
Case Study. University of North Carolina Press; Chapel Hill, NC: 1991. p. 27-79.

Spear SJ. Fixing health care from the inside, today. Harv Bus Rev. 2005; 83:78-91. [PubMed:
16171213]

Spencer, L.; Ritchie, J.; Lewis, J.; Dillon, L. Quality in Qualitative Evaluation: A Framework for
Assessing Research Evidence. Government Chief Social Researcher's Office, London: Cabinet
Office; 2003.

Steele, AM.; DeBrow, M. Efficiency gains with computerized provider order entry. In: Henriksen, K.;
Battles, JB.; Keyes, MA.; Grady, ML., editors. Advances in Patient Safety: New Directions and
Alternative Approaches AHRQ Publication No 08-0034-4. Vol. 4. Technology and Medication
Safety Agency for Healthcare Research and Quality; Rockville, MD: 2008.

Steinbrook R. Health care and the American Recovery and Reinvestment Act. N Engl J Med. 2009;
360:1057-1060. [PubMed: 19224738]

Strauss, A.; Corbin, J. Basics of Qualitative Research: Grounded Theory, Procedures, and Techniques.
Sage; Newbury Park, CA: 1990.

Tenney YJ, Pew RW. Situation awareness catches on: What? So what? Now what? Rev Hum Factors
Ergon. 2006; 2:1-34.

The Leapfrog Group. Computerized physician order entry. 2008. Retrieved October 30, 2009, from
http://www.leapfroggroup.org/media/file/Leapfrog-
Computer_Physician_Order_Entry_Fact_Sheet.pdf

Thielke S, Hammond K, Helbig S. Copying and pasting of examinations within the electronic medical
record. Int J Med Inform. 2007; 76S:5S122—-S128. [PubMed: 16899403]

Vicente, KJ. Cognitive Work Analysis: Toward Safe, Productive, and Healthy Computer-Based Work.
Erlbaum; Mahwah, NJ: 1999.

Vincent, C. Patient Safety. Elsevier; London: 2006.

Vogelsmeier AA, Halbesleben JRB, Scott-Cawiezzel JR. Technology implementation and
workarounds in the nursing home. J Am Med Inform Assoc. 2008; 15:114-119. [PubMed:
17947626]

Walker JM, Carayon P. From tasks to processes: The case for changing health information technology
to improve health care. Health Aff. 2009; 28:467-477.

Walker JM, Carayon P, Leveson N, Paulus RA, Tooker J, et al. EHR safety: The way forward to safe
and effective systems. J Am Med Inform Assoc. 2008; 15:272-277. [PubMed: 18308981]

Wears RL. The error of counting “errors”. Ann Emerg Med. 2008; 52:502-503. [PubMed: 18407373]

Weick, KE.; Sutcliffe, KM. Managing the Unexpected: Resilient Performance in an Age of
Uncertainty. 2nd. Jossey-Bass; San Francisco: 2007.

Weiner JP, Kfuri T, Chan K, Fowles JB. “e-latrogenesis”: The most critical unintended consequence
of CPOE and other HIT. J Am Med Inform Assoc. 2007; 14:387-388. [PubMed: 17329719]

Wickens, CD.; Flach, JM. Information processing. In: Wiener, EL.; Nagel, DC., editors. Human
Factors in Aviation. Academic Press; San Diego, CA: 1988. p. 111-155.

Wilson JR. Fundamentals of ergonomics in theory and practice. Appl Ergon. 2000; 31:557-567.
[PubMed: 11132041]

World Health Organization. WHO Patient Safety. 2009. Retrieved October 30, 2009, from
http://www.who.int/patientsafety/en/

Cogn Technol Work. Author manuscript; available in PMC 2011 April 8.


http://www.leapfroggroup.org/media/file/Leapfrog-Computer_Physician_Order_Entry_Fact_Sheet.pdf
http://www.leapfroggroup.org/media/file/Leapfrog-Computer_Physician_Order_Entry_Fact_Sheet.pdf
http://www.who.int/patientsafety/en/

1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Holden

a)

b)

c)

d)

Figure 1.

“Black box”
+
A > C
“System” Error/harm
: ¥
A > B > C
Work Cognitive Outcomes,
system performance including
processes error/harm
“Black box”

+
» -

Electronic medical Error/harm
records (EMR)
g g
A > B > C
Work system, Cognitive Outcomes,
including performance including
EMR processes error/harm

Page 21

Error-based patient
safety paradigm

Human factors (HF)
patient safety paradigm

Error-based paradigm
for health information
technology

Human factors (HF)
paradigm for health
information technology

Panel (a) depicts how the error-based patient safety paradigm describes patient safety (“A”)
as a product of the “system” (“B”) but does not specify the mechanism between the two,
thus leaving a “black box” between A and C. In contrast, panel (b) depicts how the human
factors (HF) paradigm (b) proposes a performance mechanism to mediate the relationship
between work system and outcomes. Accordingly, while the error-based paradigm fails to
offer a specific account of how electronic medical records (EMR) systems affect safety
outcomes (panel c), the HF paradigm suggests that the effect of EMR is, first, dependent on
its interactions with the wider work system, and second, occurs by way of altering the

performance processes of health care providers (panel d).
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Table 1

Study sample and electronic medical records system characteristics.

Sample information

Hospital characteristics

400+ bed tertiary care community hospitals in the Midwest US.

Both hospitals are nearly identical in the populations they serve, staff training, and type of
care provided. Major differences are: Hospital 1's physician staff represents multiple groups
whereas Hospital 2's staff is primarily from one physician group; Hospital 2 is faith-based;
Hospital 1 is a single, locally governed hospital whereas Hospital 2 is a multi-hospital system
governed from outside the region.

Physician participants' specialties (number of
participants)

General medicine (10), Anesthesiology (2), Obstetrics/Gynecology (2), Psychiatry (2),
Cardiology (1), Orthopedics (1), Ophthalmology (1), Rheumatology (1)

Males / Females 15/5
Age

30-39 6

40-49 7

50 - 59 6

60+ 1
Average years in job (range) 15(4-32)
Average years computer experience (range) 20 (10 - 30)
Comfort with general technology (range)® 7.6(3-10)
Comfort with hospital technology (range) & 7.7(5-10)

Electronic medical records (EMR) systems at the time of the interviews

Hospital's stated aim of the system

Hospital 1: Initially to manage business (e.g., billing) with new electronic system and, at the
time of the interviews, starting to focus more on improving patient care.
Hospital 2: Improved quality of care, improved satisfaction, and improved efficiency.

Type of system

A commercial EMR system. The same, top-ranked national vendor of EMRs provided the

system for both hospitalsb

The vendor provided the software structure but the hospitals had to fill in much of the
content, e.g., developing hospital-specific workflows and templates. Software modifications
were made by the vendor, in response to hospital requests.

Type of clinical information managed by the
system

Hospital 1: All nursing documentation except nursing notes and care plan; all transcribed
medication and non-medication orders except nursing orders; laboratory results; medical
imaging results and links to images; dictation transcriptions; reports from ancillary services/
third parties; unofficial hand-off reports for some physicians.

Hospital 2: All documentation by all providers (except in anesthesiology department); all
orders; laboratory results; links to medical images and EKGs; dictation transcriptions;
medical records tracking (e.g., deficiencies).

Clinical tasks supported by the system

Hospital 1: Nursing documentation, order transcription, and physician review of clinical data.
Hospital 2: All documentation and order entry.

Extent and users of the system

Hospital 1: 4,450 total users, including 552 physician users (excluding residents); 550
residents, interns, and medical students; and 1,052 nurses from all nursing units.
Hospital 2: 3,376 total users; 283 physicians, 1,100 nurses

Functionality (for physicians)

Hospital 1: Data repository/retrieval only.C

Hospital 2: Data repository/retrieval, computerized clinical documentation, computerized
order entry.

Both hospitals also had computerized patient admission, transfers, and discharges; patient
scheduling; billing; and pharmacy order and dispensing.

Approximate duration of system use at the
time of interview

Hospital 1: 3 years.
Hospital 2: 9 months (data repository and documentation); 7 months (order entry).

aOn a 10-point scale (1 = extremely uncomfortable, 10 = extremely comfortable)
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In addition, the same vendor provided outpatient EMR systems for physicians' clinics and ten physicians provided information on their outpatient
EMR experiences as well

Two physicians at Hospital 1 were in the pilot unit for an order entry module and provided data on the first few weeks of using EMR with order
entry functionality
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Table 2

Themes and subthemes describing how use of EMR improved the (a) ease and (b) time efficiency of personal
cognitive performance

% Mentioning theme

Both hospitals Hospital 1 Hospital 2
(a) IMPROVED EASE OF PERSONAL COGNITIVE PERFORMANCE

Improved ease of accessing information 65% 55% 78%
Easy access to much patient medical history
Easy access to medical references
Easy to find information

Can arrange information in the desired format; collation of information puts important
information together; sorting features reduce clutter; using alphabetize patient list function makes
it easier to find patients; easy to find information with electronic problem list

Can access information not previously available

Navigation easy because information is all in one place

Can access information from multiple settings, remotely 70% 64% 78%
Can access information from anywhere within the hospital
Can access outpatient information from anywhere (e.g., hospital)

Can check patient information when not at the hospital

Can access information immediately 60% 55% 67%

Can access information without searching for paper chart

Can access much information all at once 45% 36% 56%

Patients for the day can be put together

Accessed information is more legible 45% 27% 67%

Colleagues' electronic outpatient clinical notes are more legible

Can access information concurrently with others 15% 18% 11%

Improved ease of documentation 5% 0% 11%

(b) IMPROVED TIME EFFICIENCY OF COGNITIVE PERSONAL PERFORMANCE

Saves time accessing information 50% 36% 67%
Saves time obtaining test results
Saves time accessing others' notes because not waiting for dictation transcription
Saves time not searching for paper chart
Saves time not waiting for a nurse to look up information for physician

Saves time that would have been spent reading poor handwriting

Saves time entering orders and documentation 30% 18% 44%
Electronic order entry allows fast ordering of medications, especially remotely
Copy and paste feature allows notes to be written quickly

Medication orders are processed faster
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% Mentioning theme

Both hospitals

Orders are clearer, reducing processing time

Hospital 1

Hospital 2

Other ways that time is saved 10%
EMR returns to prior state upon log-on, preventing having to start over

Knowing partners' schedules saves time rounding on patients

18%

0%
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Themes and subthemes describing how use of EMR improved the quality of personal cognitive performance

% Mentioning theme

Both hospitals Hospital 1 Hospital 2

IMPROVED QUALITY OF PERSONAL COGNITIVE PERFORMANCE
Improved situation awareness and ability to stay informed 50% 27% 78%

More aware of patient condition/needs due to real time viewing of images of X-rays, CT
scans, and other results

Better informed/aware when arriving at hospital

Better informed/aware of inpatient visit when in clinic

Improved general awareness of day's workload

Better informed which rooms patients are in

Better informed of who are partners' patients

Less confusion over the meaning of notes due to increased legibility
Improved communication 25% 9% 44%

Improved communication with colleagues

Improved communication with patients
Improved ability to follow trends and status changes 20% 18% 22%
Improved ordering process 15% 0% 33%

More accurate orders

Order sets improve ordering
Improved decision making 15% 18% 11%
Improved ability to see colleagues' thought process 10% 9% 11%
Improved learning by tracking outcomes and errors 5% 0% 11%
Improved flexibility in timing of documentation 5% 0% 11%
System forces behaviors that improve performance 5% 0% 11%
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Themes and subthemes describing how use of EMR worsened the (a) ease and (b) time efficiency of personal

cognitive performance

% Mentioning theme

Both hospitals  Hospital 1

(a) PERSONAL COGNITIVE PERFORMANCE MADE MORE DIFFICULT, MORE
COMPLEX

Hospital 2

Access to information difficult or impossible
Difficult to find information

Information difficult to find due to information overload or variety of options; Information
in printed-out version of records is difficult to find; Difficulty finding nurses' notes; Difficulty
finding information in physical therapy notes; Difficulty finding scanned-in ophthalmology
drawings; Medications put together for discharge are difficult to distinguish

Difficult to access information from other hospital systems
Cannot access old notes when writing new ones
Some information not available electronically (e.g., EKGs, pre-1999 data, progress notes)

No information if physician did not take initiative to make changes in record

70%

73%

67%

New demands and extra steps
Order entry requires many steps, extra steps, numerous clicks
Medication reconciliation is an extra step and creates redundancies
Creating problem list adds work
Entering documentation imposes memory burden
New steps to copy and paste arriving radiology reports
Remote log-in requires extra steps

Patient with multiple problems requires multiple, pre-formatted notes for each problem

55%

45%

67%

System use is burdensome
Remote log-on process is inconvenient
Difficult to make system do what you want it to
Reviewing past notes is cumbersome
Navigating system is difficult

When system times out on its own, current work is not always preserved

30%

36%

22%

Blocks in performance
Allergy warnings require response before order can be completed
If consult was not ordered in system, cannot do consult
Nurses must put in (verbal) order before physician signs off
System stops user when diagnosis does not match
Medicare-allowable orders

System blocks removal of items from record

25%

9%

44%

Data entry difficult
Difficult to obtain desired order

Difficult to enter data and attend to patient concurrently

20%

0%

44%
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% Mentioning theme

Both hospitals

Increased complexity of work 5%

Hospital 1 Hospital 2

0% 11%

(b) WORSENED TIME EFFICIENCY OF PERSONAL COGNITIVE PERFORMANCE

Loss of time 80%
Time consuming to do data entry

Time consuming to order medications; to document patient history following new
compliance policy; to respond to warnings during medication order entry; to fill out post-
operative order sheet

Time consuming to log in and out of system

Log-in from outside hospital takes time because of slowness, multiple steps and connection
speed; Within-hospital log-in takes time because system is slow

Time consuming to access data from other hospitals
Time consuming to learn to use system

Time consuming to read notes that provide no additional information because they were
copied from before

Takes away patient care time

Takes longer to accomplish tasks than with paper

64% 100%

Having to wait 15%
Waiting to load up computer or software
Waiting for slow software to process
Waiting for nurse to find a way to enter (verbal) order

Waiting for test results to arrive in system

9% 22%
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Themes and subthemes describing how use of EMR worsened the quality of personal cognitive performance

% Mentioning theme

Both hospitals Hospital 1  Hospital 2

WORSENED QUALITY OF PERSONAL COGNITIVE PERFORMANCE
Worsened situation awareness and ability to stay informed 45% 36% 56%

Unaware/uninformed because clinical notes less personal and less complete

Copy-and-pasted notes do not provide new information

Difficult to take in gestalt

Difficult to tell trends

Unaware/uninformed when problem list is missing from records

Unaware/uninformed when no indication that tests have been done

At discharge, cannot tell what medications were added or removed during hospitalization
Unclear what was colleagues' thought process (garbage in-garbage out) 35% 9% 67%
EMR use diverts attention from primary task 25% 36% 11%
Worsened communication 10% 0% 22%

Worsened communication between physicians

Reduced (face-to-face) communication with nurses and other hospital staff

Worse communication between physicians and patients' families
Overreliance on possibly incorrect information 10% 0% 22%

Reliance on notes with inaccuracies created and perpetuated by copying and pasting
Unable to flip through EMR looking for information as was possible with paper chart 10% 0% 22%
Reduced attention to detail 5% 0% 11%
Templates do not convey or integrate thought as well as prose 5% 0% 11%
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Table 6

Themes and subthemes describing how personal use of electronic medical records (EMR) improved or

worsened (a) colleagues' and (b) patients' cognitive performance

% Mentioning theme

Both hospitals  Hospital 1 ~ Hospital 2

(@) IMPACT ON COLLEAGUES' COGNITIVE PERFORMANCE

Own notes accessed by colleagues (e.g., physicians, nurses) are more legible 30% 0% 67%
Medication orders are more legible for pharmacy 5% 0% 11%
Thought taken out of nurses’ work 5% 0% 11%
(b) IMPACT ON PATIENTS' COGNITIVE PERFORMANCE

Outpatients can now access own medical records 10% 0% 22%
Patients have discharge reports that allow them to better care for themselves 5% 0% 11%

Electronic records prevent patients from losing prescription

5%

9%

0%
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