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Abstract

Health care costs represent a si
count ry 0lsplenbriing

the side benefit of providing better care.

gnificant percentage of a

electronic medical records
(EMR) systems are a popular solution to reducing costs, with

Unfortunately,

of EMR system implementations fail, often because

physicians cannot use the EMRs efficiently.

problems, based on our experience at several clinics, are

wide -spread among EMRs.

and steep learning curves.

To help usability professionals contribute to the crea

more usable EMRs, we share our insights and experiences.

Essential to
which we explain in detail.

understandi
It is also helpful to understand the

ng

different work styles of physicians, variations in the pace of
work, the use of nurses, the mode and timing of data entry,

and variations in needed functionality.

task flow, work styles

These variances

, and needed functionality lead us to

propose solutions to improve the usability of EMRs focusing

ation, personalization and customization,

accessing multiple patients, delegation of responsibility
, and enabling data variations and

field study, contextual inquiry, ethnographic study
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Introduction
Medica | care worldwide is a costly enterprise. It is most expensive in the U.S ., where 16% of
gross domestic product (GDP) goes to health care costs. Even the typical Western Europ ean

country spends 9% of their GDP on health care 8 a huge amount (OECD, 2006). Paradoxically,
the country that spends the most on health care, the U.S., does not have the healthiest

population. Most industrialized nations have avoided this dilemma, in part, by implementing

electronic medical record (EMR) systems . These systems have other benefits: reducing medical
errors, facilitating the electronic transfer of patient records across facilities, and improving the

efficiency of clinicians.

However, the story from individual physicians is quite different. They complain of forced
changes to establish ed and successful work flows, long training times, and excessive time spent
serving the computer rather than providing care to patients. The rush to automate the clinical
environment has met significant resistance from clinicians, resulting in so me major
implementation failures.

Our own experiences with physicians reveal some critical usability aspects of their working
environment and the systems they use. We discuss those insights here within the broader
context of EMR implementations. Finally, w e suggest directions for EMR designs that better
accommodate the needs of physicians.

Health Care Problems and EMRs

Medical care can be a costly enterprise for any country. In the U.S., total health care costs

stand at $2 .2 trillion per year, or about 16% of GDP. This equates to a per capita cost of $ 7,421
(HHS, 2009) . In contrast, most industrialized countries spend less than half that amount,

typically less than $3 ,000 per person per year. The nationalized medical system in the U.K.

spends a mere $2,317 p  er person per year (OECD, 2006) .

Countries with wide -spread use of electronic medical r ecords appear to have lower health care
costs and better care. Many industrialized countries have improved patient care and controlled
costs through the use of EMRs whe re they are more wide  -sprea d than in the U.S. (Schoen, C.,
etal. , 2006) .

A recent survey of 6,000 physicians in seven industrialized countries ! shows that very high
percentages of physicians use EMRs , for example, 98% of physicians in the Netherlands and
89% in the U.K.  There are also strong correlations between high rates of EMR use and key
indicators of clinical care, including access to after -hours care, the use of clinical teams to
manage chronically ill patients, and the ability to track medical error s. There is certainly a
complex relationship among EMR usage, quality of clinical care, and the implementation of
nationalized medicine.

However, there is also a common sense connection between EMR use and better care. Ifa
patient falls ill  after -hours, a physician is better able to help if an EMR is available to remotely
view the pat i eCGomputerizeddealthredosds can be easily shared with other

providers to facilitate improved care. And computers are infinitely tolerant at cross checking

med ical interactions to prevent physicians from prescribing medicines with drug -drug reactions
or allergic reactions.

Many costly medical errors, including prescription errors, could be eliminated with electronic

systems (Eisenberg, 2001). The American Medic al Association (AMA , 2006 ) enumerates eleven
benefits of using an EMR system, including potential reduction in medical errors, reduced costs

related to chart filing and transcription, and improved communication with other systems (AMA,

2006). There is even a Presidential initiative in the U.S. to speed the implementation of EMRs to

Afavoid danger ous mereduce ests, and impgrovekcars , 06 ( Bush,. 2006)
= Australia, Canada, Germany,t  he Netherlands, New Zealand, the United Kingdom , and the United  States
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Physicians are often enthusiastic about the coming change. In summary, they believe that

better information will lead to better treatment. To quote Michael Dotti, M.D ., of North Country

Family Practice, fAAn EMR woul d eofdatalWecauldtreatpatidntsep better tr ac
better because information woul d(Rogaski, 200% I, p. 12b)et ween t he cr ack:
Once implemented, EMRs provide enormous benefits. Time is not |l ost searching for t
paper chart because all patient informati  on is electronic. ~ Time is also saved when looking

through the patientds chart electronically, a Akmster proces:
physician notes and prescriptions are no longer difficult to read because they are typed. Point

and click int erfaces are a vast improvement over the older text -based 3270 screens.  With ready

access to the patientds chart, phG@ostsadasnievertcodhe provi de bett er

extent that transcriptionists and chart couriers are eliminated.

EMRs are alrea dy arriving at larger clinics and hospitals, and implementation at smaller facilities
is inevitable.  Unfortunately, all the news is not good.

Problems with Electronic Medical Records

Finding documented problems with EMRs is a challenge; no one wants to bra g about their
failures. However, a few prominent failures of medical systems are readily available, namely the
physician rejection of the order entry system at Cedars Sinai and the struggles at Kaiser as they
tried to implement an EMR system .

Cedars Sinai Medical Center in Los Angeles spent $34 million developing and deploying a

physician order entry system for medications, labs, and procedures. Physicians found that it

took much, much longer to use the new computer system than did the same ordering with pe n

andpaperr Wi th physicians already working 80 hours per week, the
available. Physicians also found that there were severe limitations on their ability to make

medical judgments.  To make matters worse, the system failed to rec ognize words with slight

misspellings. And physicians daily faced a flood of excessive electronic reminders, questions,

and alerts with the new system. Finally, several hundred physicians refused to use the system,

and the administration was forced to canc el the implementation. All this occurred at one of the

most wired hospitals in the nation (Connolly, 2005)

Not far away at Oakland  -based Kaiser Health Plan, there were many problems with its

implementation of the Clinical Information System (CIS), co -deve loped with IBM. A published
study of Ka i s expérisnce attheir Hawaii clinics revealed numerous problems. However,
reduced clinician productivity was one of the key causes. More specifically, clinicians were taking

anextra30 to 75 minutes perdaytod o theirwork, because there were too many steps to
complete simple tasks, and the system was too cumbersome to adapt to the needs of the

clinicians. All these symptoms occurred after an initial learning period (Scott, Rundall, Vogt, &

Hsu, 2005).

ClISwas ul ti mately abandoned, and Kaiser i #&nfortenatelyy mpl ementi ng Ep
there is yet more bad news from Kaiser; the Epic implementation is having difficulties

(Rosencrance , 2006). 't i s possible that Kaiserod6s secondwildttempt at a

also join the unfavorable statistics on EMR implementations, where failure rates are around
30% (Connolly, 2005).

What are the underlying causes of these problems? Some authors warn of excessive training

costs with EMRs. Also, physicians are reluctan  t to use a system that takes more time to

completeatask. AThis is a result of EMBmineerbdahd ate aot ietuitibtee en over
forcing physicians to spend more time clicking through screens and menus to get their work

d o n €Byown, 2005 ,p.4 7). Some clinics report that users often need between six and twelve

months before they are comfortable using the new technology. Even after training, physicians

are often less productive because the EMR slows them down (Tipirneni, 2006).

The physicians at C edars Sinai faced excessive time on task s and an overload of information.
Kaiser physicians faced long training times and a loss of productivity. Other users on other
EMRs had similar experiences. These problems are hallmarks of systems with usability

prob lems, systems designed without the users at the center of the design process. Our own
experience with physicians interacting with EMRs provides insights into the causes of these user
challenges.
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Probl ems with EMRs: The Physiciansé Perspective

We have been working with medical systems for several years at Human Factors International
(HFI1). Two of our prominent clients are the Indian Health Service (IHS), a division of Health and

Human Services within the U.S. Government, and the Mayo Clinic. IHS and the Indian Tribes
provide medical care to 1.9 million American Indians and Alaska Natives through a network of

45 hospitals and 288 health centers. The Mayo Clinic is aworld  -renowned medical practice
based in Rochester, MN.

Our observations on EMRs are based on visits to several IHS facilities with dozens of health care
providers using a single EMR system that has been locally customized. We also base our
insights on an extensive cross -facility usability review for Mayo Clinic. For this review, we visited

four different clinics in Ro  chester, Boston, Jacksonville, and Madison and observed
approximately 20 physicians at work with four different EMRs.

Overall, our observations support insights from the literature. Physicians, indeed, find that EMRs
take a long time to learn and often mak e them less productive. Physicians experience specific
usability problems when working with EMRs that cause long training times and loss of

productivity.

Long Training Times

EMRs provide an enormous range of functionality. This complexity can be bewilderin g for
beginning users, and it simply takes time for them to understand what can be done and how to

doit. This is typically a problem with the navigational structure of the EMR system . A typical
EMR system contains hundreds and hundreds of screens that nee d to be accessed through the
s y s t emadgational scheme using tabs, buttons, and hyperlinks. Learning the right paths
takes time.

Loss of Productivity
Even after a physician has learned to u se the EMR, it often causes him or her to be less
productive. The causes are many:

1  Difficulty finding important information, e.g. , Which note is the last full note? When was
the patient ds | a sDoesthapatamn geedartetanus shot?

Typing the note is slower than writing it out.

Some tasks are tedious to comp lete with the EMR, e.g. , reordering chronic medications
The system response time can be long.

= = —a -

Changing exam rooms requires logging off one workstation and enduring a lengthy
login to a new one.

1 Lack of integration places information needed for one task on multiple screens, e.g.
reviewing lab results as affected by a change in medications.

1  Searching for a procedure or diagnosis can produce useless results. Physicians speak
one language, but the procedures and diagnoses are sometimes based on a different
set of codes.

1  Some screens contain information that is not needed, but missing information that is.
1  Some screens are densely packed with information, making information hard to find.
This is only a partial list, and the list for each EMR system is different.
The Fundamental Problem: Skilled Users, Complex Tasks, and Complex

Functionality
Fundamentally, usability problems arise in EMRs because of the interaction of three very

complex components: physicians, their tasks, and the EMR. Physicians are highly train  ed
professionals with very large knowledge bases and deep problem solving skills. In addition,
physicians specialize in one of dozens of specialties. The tasks they complete, diagnosing and
treating illnesses, are very complex and high risk. Finally, to su pport physicians as they
complete their tasks, they need a very complex but efficient information system. Making
complex systems usable is extremely difficult. It is no surprise that most EMRs struggle with
usability.
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Our focus in this paper is on the user s 0 t aVelcetainly cannot cover all aspects of medicine
known to physicians. Nor can we dive into all the usability problems of EMRs. Instead, we will
focus on the tasks that physicians complete in the course of a patient encounter and highlight

the co rresponding usability problems that arise from variances in the way physicians work.

Variances in User Tasks

Overall there is enormous variability in the way that physicians work. Some examples include
variations in the pace of work, the use of nurses, mo de and timing of data entry, timing of
patient load, task flow issues, and variations in needed functionality. Each of these deserves a

brief explanation along with the corresponding usability issues that arise.

Pace of Work

The pace of work across physici  ans is highly variable. Some physicians see one patient per
hour; some see four  patients per hour. Logging in and out of a workstation as the physician

rapidly changes exam rooms can be both annoying and unproductive. It get s worse for the
physician if he or she is seeing more than one patient at a time, as is typical for many
specialists.

Delegation of Work

The delegation of work varies across physicians. Some physicians do everything from taking

vitals to ordering tests to reviewing systems. Others rely 0 n assistants or nursing staff to

complete work, either directly (e.g. ,instructing the nurse to order an MR scan
sinuses) or indirectly (e.g. , nurses often have standing orders to administer routine tests and

immunizations).  Unfortunately, one system we observed requires that the nurses log into the

EMR as themselves but order labs and procedures via proxy. This is a tricky process that will

send the lab results and procedure results not to the ordering nurse but to the physician who

needs to see them. If itis not done correctly, the physician will never see the results.

Data Entry

Getting data into the system can be done in different ways, and e ach provider has hisor  her
preferences. (See Figure 1 for a sample note.) Younger physicians te  nd to be touch typists,

while older physicians tend to prefer dictation. However, many physicians still prefer to write,

and this can be done with a tablet. Finally, some physicians prefer combinations, e.g. , importing
boilerplate data, like medications an d labs, while typing in their plans. One major EMR system
we saw did not support dictation, forcing non -typists to hunt and peck. In another case where
dictation was available, the department head mandated that all physicians type in their notes so

that th ey would be immediately available. (Dictation typically requires a 24 hour turnaround.)

This was a significant burden to non -typists.
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TITLE: PC ACUTE CARE VISIT A
DATE OF NOTE: FEB 04, 2000@11:18 ENTRY DATE: FEB 04, 2000@11:20
AUTHOR: EXP COSIGNER:
URGENCY: STATUS: COMPLETED

Chief Complaint: Patient notes 1l month history of blurred vision and
frequent urination

HISTORY OF PRESENT ILLNESS:

DEMO,FATHER is a 44 year-old MALE who presents complaining of blurred
vision for the past 1 month. He finds it is difficult for him to read
clearly and is even effecting his driving. He also notes that he has be
getting up to the bathroom frequently, esp. at night. He now routinely
to urinate 3-4 times a night. He is not aware of any particular weight
loss, but does feel thirsty much of the time.

PAST MEDICAL HISTORY:

Illnesses: Hypertension

Surgeries: None
Allergies: PENICILLINS

Medications:

1) HYDROCHLOROTHIAZIDE ZSMG TAB** Qry: 45 ACTIVE
for 90 days Sig: TAKE ONE-HALF TABLET Refills: 0
MOUTH EVERY MORNING THC BLOOD PRESSURE

2) METOPROLOL 2ZSMG XL TAB Qty: 90 for 90 ACTIVE
days Sig: TAKE ONE TABLET MOUTH QDAY Refills: O
FOR THE HEART

FAMILY HISTORY:

Diabetes Father, Sibling, Grandparent v

< - >
Figure 1. Sample note
Timing of Data Entry
The timing of data entry can be highly variable. Some physicians enter the no  te with the patient
present, while others wait until the patient has left the exam room. Those with busy schedules
tend to wait until the end of the day to enter their notes for all patients. Waiting until the end of
the day to enter notes is potentially r isky, as it relies on faulty human memory to reconstruct

what occurred hours earlier.

Task Flow Vari ability

The physiciandés task flow can be hi ghl yOnephysidiaamdye and
always review the pati ent 0 sthepdtient then ortiehlgbs, medicedtians, act wi t h

and consultations with specialists, before composing the note and recording billing. Another

physician may first interact with the patient, then order

then order medications , and finally wait until the end of the day before composing the note and
recording billing.  (See Figure 2.)  Both physicians, though, are constantly interrupted by their
beepers, their phones, and the paging system. When this happens, they often lose track of
where they are in their task flow because the EMR interface does not change to show which

subtasks have been started or completed. This forces the physician to lose time by reviewing
current work or face potential safety issues from incomplete work. (S ee Figure 3 for sample
navigation structure from an EMR. )
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Task flow for Physician 1

Review Interact Order la bs, Compose
patient > with » medications, > note
chart patient and
consultations
Task flow for Physician 2
Interact Order Review Order Compose
with » labs > patient » medications » note
patient chart

Figure 2.  Two different task flows for the same task

Figure 3. EMR navigation with no feedback on completed steps

Also, many of the EMR
another and back again.

|l east

then becomes a frequent bu

once

systems we saw did not support

per

Need for Different Functionality

Not surprisingly, different specialties need different functionalities.
set of vitals on the developing child.

hour

rapid switching from one patient to

by pages to

ttime -consuming process.

This situation is surprisingly typical where physicians are interrupted at
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a t Switchohg betwveem pat@ntsh e r

Obstetricians need a special

Ophthalmologists need to record drawings of eyes.
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