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Why are some organizations error-prone—regularly subject to in-
terruptions and inconveniences, some of which periodically coa-
lesce catastrophically—whereas other organizations, although sim-
ilar in the products and services they generate and the process
technologies they use, are reliable, adaptable, and continuously
self-improving, relentlessly learning from experience to get ever
better?

Analyzing medical error reports and studies of high-perform-
ing, non–health care organizations reveals 2 differences. High
performers know how to prevent problems from producing further
consequences once they occur and how to prevent their recur-
rence. They do this by specifying how work is expected to pro-
ceed—who will do what for whom, with what purpose, when,
where, and how—before work is actually done. Then, when any-
thing contrary to expectations occurs, it is immediately identified
as a problem. Through this approach, the effects of problems are
contained, the causes are quickly investigated, process knowledge
is deepened, and recurrence is prevented.

In contrast, error-prone organizations tolerate ambiguity, a
prevailing lack of clarity over what is supposed to happen at any
given time. Problems are thus hard to identify, and, even when
recognized, they are worked around. People “get the job done,”
but don’t initiate efforts to learn from the problem or improve the
process.

We believe that coupling high degrees of specification with
rapid responses to individual problems can improve health care.
Superlative manufacturing, service, and military organizations ap-
ply this approach to myriad processes and situations, and initial
health care trials of this approach have been promising. We dis-
cuss how such an approach could be initiated in health care more
broadly.
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The Quality Grand Rounds series in Annals illustrates
how work-system conditions can produce errors and

adverse events (1). The human cost of medical error pro-
vided incentive for such studies (2–5).

In one case, a nurse mistakenly used insulin rather
than heparin to flush the arterial line of a patient, Mrs.
Grant, causing severe hypoglycemia, seizures, coma, and,
ultimately, death (6). In another, unreliable processes for
identifying patients, assuring consent, and exchanging in-
formation led to a Mrs. Morris being mistaken for a Mrs.
Morrison; as a result the patient was subjected to an un-
necessary, potentially dangerous electrophysiologic exami-
nation (7).

We ask: Do medical errors such as these have common
root causes? Can lessons to improve reliability be drawn
from non–health care organizations that overcome the po-
tential for catastrophe brought on by work complexity,
knowledge intensiveness, and variety and volatility of cir-
cumstance (8)?

The answer to both questions is yes. Error-prone or-
ganizations tolerate ambiguity, a lack of clarity about what
is expected to happen when work proceeds. Therefore, de-
fining what constitutes a problem is difficult for several
aspects of work. It is not perfectly clear 1) what the work-
group is trying to achieve; 2) who is responsible for what
tasks; 3) how to exchange information, materials, or ser-
vices; or 4) exactly how to perform tasks. Moreover, even
when recognized, problems are worked around; people im-
provise to “get the job done,” even when indicators suggest
something amiss. They fail to contain problems or improve

processes, leaving factors that confounded one person’s
work to confound again.

In contrast, superlative organizations design work
as series of ongoing experiments by consistently specify-
ing how to do work. Specification makes clear what is
expected—who is to be where, who should be doing what,
and what results should occur. When specifications deviate
from actual experience, these organizations promptly inves-
tigate the deviations to prevent them from causing harm or
recurring (Table).

CONTRIBUTIONS OF AMBIGUITY AND WORKAROUNDS

TO MEDICAL ERRORS

Mrs. Grant stabilized after cardiac surgery, allow-
ing reasonable clarity about what additional care she need-
ed (aspect 1); who was responsible for one element of
that care, flushing the arterial line (aspect 2); and the fact
that her nurse knew he needed to perform that task
(aspect 3)—evidenced by his responding to an alarm indi-
cating an occlusion. While there was clarity concerning
how to flush the line (aspect 4), heparin and insulin were
difficult to differentiate. Both were stored in vials of similar
size, shape, weight, and location; and once in a syringe, the
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drugs are indistinguishable because they are both colorless.
Lack of clarity meant that the nurse could not tell whether
he had done his job correctly.

As for the contribution of workarounds to the tragedy,
nurses probably had previously chosen insulin rather than
heparin but had corrected the error before administration.
(Bates [9] estimates that incorrect drug administrations
outnumber patient harm by a ratio of 100 to 1.) Switching
the right drug for the wrong one, without reducing the
chance of confusing the two again, preserved the potential
for recurrence.

Seventeen errors were identified in the Morris/Morri-
son case. Among these was miscommunication (aspect 3)
between the nurse who was looking for Mrs. Morrison and
someone who thought this nurse was seeking Mrs. Morris.
Errors in task performance (aspect 4) included a nurse’s
incorrect report that Mrs. Morrison had been transferred
and the laboratory’s failure to verify Mrs. Morris’s identity.

The danger of workarounds is evident in the decision
of Mrs. Morris’s care team to continue her transport de-
spite the absence of an order or a signed consent form in
her chart, and even over the patient’s objections. A resident
caring for Mrs. Morris did not intervene when he found
the laboratory doing the unexpected procedure; rather, he
assumed that the attending physician had not informed
him of a study, a failure in communication that had oc-
curred before.

HIGH-PERFORMING SYSTEMS: SPECIFICATION AND

IMMEDIATE PROBLEM SOLVING

In pursuing quality, safety, productivity, and flexibil-
ity, leaders in other industries specify exactly what is ex-
pected in the 4 aspects of work described above. In so do-
ing, they create the opportunity to be surprised, allowing
workers to recognize deviations from the expectations im-
plied by the original specification. Then, once “surprised,”
these leaders treat discrepancies as something that is not
“normal” and should be investigated immediately. This ap-
proach contains problems, generates knowledge, and leads
to improvements.

For example, aircraft carriers are dangerous workplaces
because of severe weather, limited visibility, rapid changes
in mission, and continuous arrivals and departures of air-
craft, all needing the same limited deck space, equipment,
and crew. Despite these dangers, flight operations are typ-
ically safe. Work is highly specified, even for circumstances
in which a change in situation requires a change in roles.
Crews color-code uniforms, demarcate spaces on the deck,
and define what is to be done during launches and recov-
eries. Aberrations, such as someone being out of position,
quickly make it obvious that operations cannot continue as
if all were “normal” (10).

Southwest Airlines is faster and more accurate than its
competitors at the critical process of flight departures—
despite having to coordinate specialized employees amid
the vagaries of weather, airport congestion, mechanical fail-
ures, and load fluctuations. It specifies what must be done
to ensure a smooth departure and also to make it evident
even when the situation has changed (and thereby requir-
ing a different but also specified plan) (11).

Toyota—a leader in the complex work of product de-
sign (12, 13), new-model introduction (14), and produc-
tion (15, 16)—specifies how work is to be done so that
even small deviations from expectations (whether in rou-
tine work or in highly complex unique efforts such as new-
model launches and disaster recovery [17]) are evident.
Once detected, problems are promptly investigated (15,
18, 19) and contained, and information relevant to under-
standing them is fresh and easier to accurately reconstruct
than it would be if problem solving were delayed (20–22).

EXAMPLES IN HEALTH CARE

Some health care organizations have successfully tested
highly specifying processes. The Shock, Trauma, and Re-
spiratory intensive care unit at LDS Hospital in Salt Lake
City, Utah, developed protocols to better control glucose
levels, decrease nosocomial infection rates, and reduce
costs. These protocols are noteworthy because once devel-
oped, they were often changed as users encountered prob-
lems applying them (23).

Table. Contrasting Error-Prone and High-Performing Organizations

Characteristic Error-Prone Organizations High-Performing Organizations

Design and execution of work What is expected to happen is not clear before it
happens

How work is supposed to/expected to proceed
is highly specified

Response to problems People do what is necessary to “get the job
done”; no additional attention is drawn to the
problem

Problems are immediately investigated at their
occurrence

Consequences The effects of problems propagate The effects of problems are contained
Similar problems regularly reoccur The causes of problems are addressed so that

problems do not reoccur
The effects of processes improve sporadically Performance improves continuously
Catastrophes occur periodically Catastrophes are exceptionally and increasingly

rare
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Thompson and colleagues (24) reported on how hos-
pitals reduced ambiguity and workarounds. In one hospi-
tal, on each shift nurses averaged 23 searches for keys to the
narcotics cabinet; this wasted 49 minutes per shift and
delayed analgesia to patients. Rather than tolerate contin-
ued searches, administrators tested assigning numbered
keys at the start of each shift, with safeguards to prevent
loss or misuse. This procedure nearly eliminated searches
for keys and saved 2895 nurse-hours yearly in a 350-bed
hospital. Another hospital’s pharmacy used deviations from
design to trigger process improvement, not workarounds.
Without any technology investments, searches for missing
medication decreased by 60% and stockouts fell by 85%.

AVOIDING AMBIGUITY AND WORKAROUNDS IN THE

ANNALS CASES

What difference might similar procedures have made
in Mrs. Grant’s case? The first time a nurse saw that the
patient had taken a wrong drug, an investigation would
have been initiated to discover why selecting the wrong
item was so easy. Insulin and heparin might then have
been stocked in distinctive vials or location before someone
else could err again.

In Mrs. Morrison’s case, hospital staff would have
specified a particular time for Mrs. Morrison’s electro-
physiologic examination (aspect 1). This would have re-
sulted in well-specified assignments for who was responsi-
ble for transport (aspect 2), the manner in which the
electrophysiology laboratory was to request the next patient
(aspect 3), and how staff would identify patients and ob-
tain consent (aspect 4). With such clarity about what was
supposed to happen, staff would have seen that Mrs. Mor-
rison’s situation (being left unprepared for a test and not
being transported as expected) was contrary to expectations
and would have treated it as a problem. In turn, then, they
would have immediately stopped work and triggered inves-
tigation, problem-solving, and process improvement.

CONCLUSIONS

By meticulous specification of who should supply
what goods, information, or services, to whom, in what
fashion, and when, problems can be identified, often be-
fore they produce adverse events. With this sort of system,
the consequences of problems do not propagate, and inves-
tigations result in design changes that reduce the likelihood
of recurrence.

But how does one start, given that health care seems to
be unique in its extraordinary complexity? Every patient
presents unique features, diagnostic and therapeutic meth-
ods change quickly, the consequences of error can be pro-
found, and the needs of several patients often must be met
concurrently.

Start small. There is no need to “specify” an entire
system at once. As with the examples from Thompson and

colleagues and LDS Hospital, small pieces of larger systems
can be specified. As problems reveal themselves, other
items that need to be specified become more evident. At
the same time, the process teaches important lessons in
applying and internalizing these principles.

Start simple. Much of what patients require, and the
fact that meeting these needs sometimes results in error, is
not unique. All patients need to have the correct illness or
injury treated. All patients need their medicines delivered
on time, through the right route, and in the right dose. All
need to undergo the intended procedure, and only the
intended procedure. All need accurate test results returned
in a timely fashion. Health care staff who are starting to
change their systems might begin with processes that are
already somewhat linear and regular, such as those in diag-
nostic centers, pathology and hematology laboratories, or
medication administration. One can then advance to pro-
cesses that are more complex and less predictable. Within
Toyota—the world’s premier manufacturer—people first
learn the tenets of specification and immediate problem
solving in simple processes (for example, single machines
and simple assembly work) before applying them to more
complex processes and functions (25).

Finally, we are not saying that hospitals could or
should look like factories. The point is that superlative
organizations highly specify many aspects of their work. Their
approach allows problems to be highlighted and contained,
followed by continuous process-based learning and improve-
ment. The appropriate comparison, therefore, is not between
the automobile industry and health care; it is between health
care as it is now and health care as it could be.
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