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and system information will be required for providers to manage their workload in a
safe and efficient manner. Information technology (IT) solutions are beginning to find
their place in the emergency department (ED) and it is time to begin understanding
how these systems are effecting physician behavior, communication and workload.
Methods: The study used a time-in-motion, primary task analyses to study faculty and
resident physician behavior in the presence of an electronic whiteboard. The NASA-
Task Load Index (TLX) was used to measure subjective workload and the underlying
dimensions of workload at the end of each physician observation. Work, communi-
cation and workload were characterized using descriptive statistics and compared
using Mann—Whitney U-tests.

Results: Physicians in our study performed more tasks and were interrupted less
than physicians studied previously in conventional EDs. Interruptions interrupted
direct patient care tasks less than other clinical activities. Temporary interrup-
tions appear to be a major source of inefficiency in the ED, and likely a major
threat to patient safety. Face-to-face interruptions persist even in the presence of
advanced IT systems, such as the electronic whiteboard. Faculty physicians exhibited
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lower workload scores than resident physicians. Frustration was a significant con-
tributing factor to workload in resident physicians. All physicians ranked temporal
demands and mental demands as major contributing factors to workload.

Conclusion: The results indicate that the electronic whiteboard improves the effi-
ciency of work and communication in the ED. IT solutions may have great utility
in improving provider situational awareness and distributing workload among ED
providers. The results also demonstrate that IT solutions alone will not solve all
problems in the ED. IT solutions will probably be most effective in improving effi-
ciency and safety outcomes when paired with human-based interventions, such as
crew resource management. Future studies must investigate team interaction, work-
load and situational awareness, and the association of these factors to patient and

provider outcomes.

© 2005 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Data published in the Centers for Disease Con-
trol and Prevention’s 2004 report National Hospital
Ambulatory Medical Care Survey: 2002 Emergency
Department Summary indicate that emergency
departments (ED) in the U.S. are approaching a
boiling point in terms of increasing patient demand
and shrinking bed capacity. The report estimates
between 1992 and 2002 ED visits increased 15%
while the number of EDs decreased 22% [1]. U.S.
EDs receive more than 100 million patient vis-
its (80 million adults and 20 million children) per
year. ED overcrowding often causes hospital diver-
sion (i.e., ambulances diverted from hospital),
increased patient wait times, increased length of
stays and decreased patient satisfaction [1—5]. The
crisis is only expected to worsen as increases in non-
urgent ED visits drive demand upward and growing
financial pressures cause more hospitals to close
their EDs. EDs in use today were not designed to
handle the volume of patients they are now see-
ing. For example, the adult ED central to our study,
was designed in the 1970’s to handle an annual vol-
ume of 20,000 patients, but today receives approx-
imately 43,000 patient visits per year.

Just prior to the time that popular media outlets
began publishing reports on ED overcrowding in the
U.S. (e.g., ""ER Conditions Critical’’, USA TODAY),
the Institute of Medicine (IOM) released its sober-
ing report on medical errors and adverse events
in healthcare [6,7]. In To Err is Human: Building
A Safer Health System, the IOM estimated that
between 44,000 and 98,000 patients die of iatro-
genic injury each year. The emergency department
has specifically been identified as a location where
adverse events are highly likely to be attributable
to error. Studies estimate that the proportion of ED
adverse events deemed preventable range from 53

to 82%, compared with overall estimates of 27 to
51% for hospital-based adverse events [8].

Other outcomes, such as patient satisfaction
are also suffering in the ED, as demonstrated by
recent research findings and increasing rates of
patient complaints [9—11]. Although researchers
have reported inconsistent findings concerning
which factors lead to patient dissatisfaction in the
ED they overwhelmingly agree on two general find-
ings: (1) patients dissatisfaction is on the rise and
(2) failures or breakdowns in provider-to-provider
and provider-to-patient communications are the
primary cause [12]. Communication failures have
also been implicated and associated with medical
errors and preventable adverse events in the ED
[13—19]. A retrospective review of ED closed claims
revealed that teamwork behaviors would have pre-
vented or mitigated the adverse event in 43% of the
cases reviewed [20].

In light of the poor outcomes (i.e., safety and
satisfaction) associated with acute patient encoun-
ters with the ED system, it is evident that there
are serious implications for the professionals who
work in this environment on a daily basis. In fact,
research has shown that emergency physicians and
staff experience high rates of stress, depression
and career burnout [21—32]. Three sets of factors
have been shown to contribute to these outcomes
in ED personnel: (1) organizational characteristics,
(2) patient care and (3) the interpersonal environ-
ment.

As the demands on emergency medicine (EM)
continue to increase, improvements in the orga-
nization of work and the access to timely clini-
cal and system information will be required for
providers to manage their workload in a safe and
efficient manner. Advances in medical informat-
ics are beginning to facilitate clinical improve-
ments in the ED aimed at addressing these needs.



Emergency physicians’ behaviors and workload in the presence of an electronic whiteboard 829

For example, emergency department information
systems (EDIS) are being developed that inte-
grate, either in part or in full, the following
systems: electronic tracking bed board displays;
electronic medical records (EMR); computerized
order entry (CPOE) and laboratory and radiology
systems. EDIS have great potential to significantly
streamline conventional paper-based ED work
processes.

The study presented here applied observa-
tional methodologies previously employed in the
ED and other clinical areas to study and describe
provider work and communication processes in an
ED equipped with a distributed electronic white-
board (eWB) [19,33—39]. The results of the study
are compared and contrasted with results from pre-
viously published observational studies performed
in EDs unsupported by integrated informatics sys-
tems.

2. Methods

2.1. Sample population

The study was conducted in the adult emergency
department at Vanderbilt University Medical Center
(VUMC) in Nashville, Tennessee between September
8, 2003 and May 14, 2004. VUMC is a Level 1 Trauma
Center and the adult ED receives over 43,000
patient visits annually. A convenience sample of 10
faculty EM physicians, 5 post-graduate year-three
(PGY-3) resident physicians and 5 PGY-2 resident
physicians were observed during this period. This
sample was selected from the 22 faculty physicians,
8 PGY-3 residents and 8 PGY-2 residents that staff
the adult ED. The study was approved by Vanderbilt
University’s institutional review board, and all par-
ticipating subjects provided verbal consent prior to
their observational sessions.

2.2. Design

Time-in-motion, primary task analyses lasting
approximately 180 min in duration were conducted
on individual EM faculty and resident physicians
[33]. All observations were performed on week-
days (Monday—Friday) between 3:00 and 6:30
p.m.). A single trained observer used a standard-
ized data collection form to continuously record
the type and duration of all primary tasks and
work interruptions. The data collection form was
installed on a wireless handheld computer to facil-
itate mobile data collection. The observer shad-
owed EM physicians throughout the entire obser-

vational period except when patients or physicians
requested privacy for patient care or other personal
reasons.

System workload metrics were collected con-
currently from the EDIS. Central to the EDIS is a
60in. plasma touch-sensitive electronic whiteboard
that serves as the command and control center
of the ED. EDIS display screens are also accessi-
ble from any networked computer in the ED. The
eWB displays and records patient data and a number
of system workload metrics including chief com-
plaint, patient wait time, patient length of stay
(LOS), patient acuity, managing physician, num-
ber of patients in the waiting room, ED occupancy,
diversion status, average wait times and LOS for all
patients. The eWB also monitors and displays ED
bed status for providers and cleaning staff. These
parameters are recorded and stored in the cen-
tral EDIS database at a sampling rate of once per
minute. System workload metrics were collected
for both observed and randomly selected unob-
served periods (i.e., 180min bocks of time), and
compared to determine if the observed periods
were truly representative of the overall ED work
picture.

Observers administered the NASA-Task Load
Index (TLX) to EM physicians at the end of each
observational session to measure subjective work-
load associated with the clinical activities per-
formed during the preceding 180 min work period.
The NASA-TLX is a “‘multi-dimensional rating that
provides an overall workload score based on a
weighted average of ratings on six subscales:
mental demands; physical demands; temporal
demands; own performance; effort and frustration
[40,41]".

Finally, observers wore a pedometer during each
observational session to approximate the amount of
walking performed by each study subject [37].

2.3. Instrument development and statistical
analysis

Prior to initiating the full study, a pilot study
was performed on three volunteers to develop
the observational data collection form. The two
observers achieved an interrater reliability of 0.81
(Kappa statistic) for task classification after two
3 h observation sessions. Thirteen clinical activities
or tasks were determined to represent the major-
ity of the work activities undertaken by EM fac-
ulty and residents during typical work shifts (see
Table 1). The investigators adopted Chisholm’s con-
vention for categorizing the outcomes of tasks per-
formed [34]. That is, tasks could have any one of
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Table 1 Categorization of tasks
Task name Description
Charting Written charting
Dictating Verbal charting

Direct patient care

Electronic whiteboard view
Electronic whiteboard interaction
Exchanging patient information

Getting charts/records/documents
Phone calls and consults
Supervising

Teaching/learning

View diagnostic test results
Answering EMS calls

Verbal orders to a provider

Physician at patient’s bedside

Physician views or scans eWB for information

Physician uses touch-screen to pull or add information from the eWB
Provider-to-provider verbal exchange of patient-specific clinical
information

Physician retrieves paper charts, records, or documents

Phone consultation with another provider

Supervision (observation) of a junior physician or resident

Formal interactive clinical teaching or learning

Viewing laboratory results or radiology

Physician responding to phone call from EMS

Physician gives verbal orders to a resident, nurse or other clinical staff

member

Table 2 Categorization of Interruptions

Interruption name Description

Face-to-face physician
Face-to-face nurse
Face-to-face other

Lost chart, form or document

Another physicians interrupts task with verbal communication

Nurse interrupts physician task with verbal communication

Another provider interrupts physician task with verbal communication
Lost chart or documentation interrupts task

Page Alpha-numeric page alert interrupts task

Direct patient care
Phone call

Equipment malfunction
Other

Urgent patient care interrupts current task

Phone call (clinical or non-clinical) interrupts task

Computer or diagnostic equipment malfunction interrupts task
Any other event that interrupts physician tasks

the following outcomes: (1) task completed without
interruption (i.e., “‘end task’’); (2) task interrupted
and new task started (i.e., ‘‘break-in-task’’) or (3)
task temporarily interrupted but completed before
new task started (i.e., ‘‘temporary interruption’’).
Table 2 summarizes the nine major types of inter-
ruptions recorded during the observations.

An interruption was defined as an event that
diverted the physician’s attention from the task at
hand. An “‘end task’’ denoted a task proceeded
without interruption. A “*break-in-task’’ was a type
of interruption that pre-empted one task, result-
ing in another task being performed. A temporary
interruption was an interruption that momentarily
diverted the physician’s attention away from the
task at hand but did not result in a break-in-task
[34].

Descriptive statistics (i.e., mean +standard
deviation) were used to characterize physician
work activity, interruption patterns, workload and
eWB activity in the ED. Mann—Whitney U-tests were
used to compare continuous variables between EM
faculty physicians and resident physicians (i.e.,

PGY-3 and PGY-2 pooled). A significance level 0.05
was used for all analyses.

3. Results
3.1. Work and interruption patterns

In aggregate, 50h of work activity were observed
and recorded for 20 EM physicians working in
the VUMC adult emergency department during
the study period. Physicians performed 2053 tasks
during this time and averaged 103.0 tasks (95%
Cl, 94.7—111.3) per 180 min observational period.
Three-hundred and three interruptions, compris-
ing breaks-in-tasks (N=93) and temporary interrup-
tions (N=210), were recorded. On average, PGY-3
residents performed the most tasks (108.0; 95% Cl,
99.2—116.8) and experienced the most interrup-
tions (17.6; 95% Cl, 12.8—22.4) per observational.
PGY-2 residents completed the least number of
tasks (97.8; 95% Cl, 86.4—109.2) and experienced
the fewest interruptions (11.0; 95% Cl, 9.3—12.8).
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Table 3 Summary statistics from EM physician observations?®

Attending (N=10) PGY-3 (N=5) PGY-2 (N=5)
Total time observed (hours:minutes:seconds) 25:28:42 12:54:19 11:53:48
Counts of ED system workload metrics (mean and standard deviation)
Total no. of patients seen 11.4+5.3 12.6 £2.7 6.4+5.0
Maximum no. of patients simultaneously managed 9.8+4.0 10.8+1.6 5.6 +4.3
Acuity of patients seen 2.6+0.2 2.1+0.2 2.2+0.2
Patient LOS (h) 5.9+2.2 9.8+0.9 6.4+3.7
ED occupancy (%) 92.7+3.8 94.8+11.7 92.0+6.5
Counts of tasks and interruptions (mean and standard deviation)
Tasks 102.4+23 108.0+10 97.8+13
End tasks 86.4+24.0 90.4+14.6 86.8+12.0
Break-in-tasks 5.3+3.8 5.6 £3.0 2.44+1.8
Temporary interrupted 10.7+£2.9 12.0+£7.9 8.6+2.1
No. of interruptions 16.0+3.4 17.6 +5.5 11.0+£2.0
Time between interruptions (min) 9.6 8.8 13.0
Duration of tasks and interruptions (mean and standard deviation)
Uninterrupted task 1:22 +1:56 1:17 +£2:03 1:23+2:16
Broken tasks 0:54+0:52 1:21+£1:44 0:56 +0:52
Interrupted tasks (excluding duration of interruption) 2:09+1:42 2:03+1:57 1:48 +1:35
Task duration preceding temporary interruption 1:00£1:10 0:57 +£0:59 0:53+0:56
Temporary interruptions 0:334+0:40 0:29+0:32 0:24+0:19
Distance walked (mean and standard deviation)
Distance walked (miles) 0.8+0.4 0.8+0.3 0.7+0.3

a Statistics are per 180 min observation.

Faculty physicians experienced an interruption
once every 9.6 min (95% Cl, 8.3—10.8), PGY-3 res-
idents every 8.8 min (95% CI, 7.3—10.3) and PGY-
2 residents every 13.0min (95% CI, 12.6—13.4).
Table 3 summarizes the observational data by train-
ing level.

The tasks performed most frequently by the
pooled EM physician group were exchanging patient
information, direct patient care and charting. The
tasks requiring the greatest time commitment per
observation were direct patient care and exchang-
ing patient information. Fig. 1 shows the relation-
ship between the frequency of tasks performed
and the amount of time EM physicians spent com-
pleting those tasks. As the figure illustrates (see
direct patient care and exchanging patient infor-
mation for examples), the frequency and duration
of tasks performed were not always positively cor-
related. In terms of differences between train-
ing levels, faculty physicians and resident physi-
cians differed most on the proportion of work tasks
allocated to exchanging patient information and
charting, respectively. The proportion of exchang-
ing patient information tasks observed was 8%
higher for faculty physicians (29% of all tasks per-
formed) as compared to residents (21%). Faculty
performed 26.9 (95% Cl, 21.6—32.2) exchanging
information tasks and residents performed 19.8

(95% Cl, 17.1—-22.5) of these tasks per observa-
tional period, respectively. Conversely, the propor-
tion of observed charting tasks was 11% greater for
residents (20%) than faculty physicians (9%). Resi-
dents performed 18.4 (95% Cl, 15.5—21.3) charting
tasks per observation as compared to 8.6 (95% Cl,
5.5—11.7) for faculty. Similar gaps were found to
exist in the amount of time faculty and residents
spent performing these tasks. In addition, faculty
physicians were found to spend nearly 12% of their
observed time performing dictation tasks, whereas
residents spent virtually no time dictating. Resi-
dents performed 58.6% (N =173) of all direct patient
care tasks observed.

The mean duration of uninterrupted tasks was
2min 41s (95% Cl, 02:33—02:49), and the mean
duration of tasks temporarily interrupted was 2 min
3s (95% Cl, 01:49—02:17), excluding the duration
of the temporary interruption. Breaks-in-tasks and
temporary interruptions each occurred about 1 min
into the start of a clinical task. The mean dura-
tion of observed temporary interruptions was 30s
(95% Cl, 00:25—00:35), and there were no statis-
tically significant differences between faculty and
resident physicians groups.

Nine percent (N=27) of all direct patient care
tasks were interrupted by either breaks-in-tasks
or temporary interruptions. The most common
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interruptions (Fig. 2), across all tasks, were
face-to-face physician (47.5%, N=144), face-to-
face nursing communications (21.1%, N=64), and
phone calls (13.5%, N=41). Face-to-face physician
interruptions most frequently interrupted chart-
ing (29.2%, N=42), eWB interaction (22.2%, N=32)
and exchanging patient information tasks (11.8%,
N=17). Face-to-face nursing interruptions most
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Distributions of tasks observed—frequency and duration.

frequently interrupted exchanging patient informa-
tion tasks (23.4%, N=15), eWB interactions (21.9%,
N=14) and charting (15.6%, N=10). Phone inter-
ruptions most frequently interrupted exchanging
patient information tasks (22.0%, N=9), direct
patient care (17.1%, N=7) and charting (14.6%,
N=6). The distributions of observed interrup-
tions were consistent in regards to frequency and
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duration (Fig. 2). That is, the interruptions that
occurred the most consumed the most clinical
time.

3.2. Use of the electronic whiteboard

Physician viewing of and interaction with (i.e.,
touch-screen) the eWB represented 19.3% (N=396)
of all clinical tasks observed. Faculty physicians
and PGY-2 residents viewed the eWB 9 times (95%
Cl, 6.7—11.7) and interacted with it 11 times (95%
Cl, 8.2—13.8) per observational session. PGY-3 res-
idents viewed the eWB five times (95% Cl, 2.3—7.7)
and interacted with it 14 times (95% Cl, 7.2—20.0)
per session. The tasks that most frequently pre-
ceded eWB viewing or interaction were (see Fig. 3):
exchanging patient information (34.8%), miscella-
neous other tasks (25.3%), charting (18.0%) and
direct patient care (14.8%). Exchanging patient
information (34.5%), direct patient care (20.8%)

and charting (15.0%) most frequently succeeded
eWB viewing or interaction.

3.3. Physician patient load, physical
activity and subjective workload

A comparative analysis of system workload metrics
during observed and unobserved periods revealed
no significant differences between periods for
average number of patients managed, maximum
number of patient managed, average patient
acuity, average LOS or average occupancy (see
Table 4).

Faculty and PGY-3 resident physicians managed
approximately twice as many patients (i.e., 12
patients) per observational session than did PGY-2
residents (i.e., 6 patients). Statistically significant
differences were not found among the mean dis-
tances each physician group walked (i.e., 0.8 miles)
per observational period (Table 3).

Table 4 Comparison of system workload metrics during observed and unobserved periods?

Observed (N=20), mean (95% Cl)

Unobserved (N=30), mean (95% Cl)

Total no. of patients managed 10.1 (7.6—12.7)

Maximum no. of patients 8.7 (6.7—-10.8)
simultaneously managed

Acuity of patients seen 2.3 (2.2-2.4)

Patient LOS (h) 7.4 (5.9-8.9)

ED occupancy (%)

91.4 (80.7—102.1)°

8.8 (7.5-10.2)
7.9 (6.6-9.1)

2.3 (2.2-2.4)
7.8 (6.7-8.9)
88.2 (84.7-91.8)

a Statistics are per 180 min periods.

b ED occupancy can exceed 100% if the number of patients admitted exceeds the number of exam rooms.
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Table 5 Mean subjective workload scores by task and training level®

Task Attending (N=10) PGY-3 (N=5) PGY-2 (N=5)
Answering EMS 26.0+18.9 39.6+25.8 28.5+22.9
Charting 52.7+15.7 59.8+13.5 67.5+11.5
Direct patient care 53.7+18.8 71.8+8.9 61.5+13.5
Electronic whiteboard interaction 35.5+18.2 42.0+19.7 48.8 £4.6
Exchanging patient information 53.8+11.7 66.2+22.4 58.8+13.3
Getting old records 30.2+£25.2 46.2 +32.6 40.8 +28.7
Phone call/consults 51.0+15.4 65.2+21.4 65.8+13.6
Supervising 54.8 +12.8 41.3+25.5 20.5+41.0
Teaching/learning 54.6 £11.9 55.6 £15.9 57.5+19.0
Viewing diagnostic results 43.6 £20.9 52.8+15.1 54.0+20.0

2 Viewing eWB data and eWB Interaction were combined into a single category for workload assessment; two tasks, dictating
and verbal orders, were excluded from the assessment because attending physicians performed nearly all these tasks.

Table 6 Mean subjective workload scores by dimension and training level

Workload dimension Attending (N=10) PGY-3 (N=5) PGY-2 (N=5)
Mental demand 56.3+19.5 59.9+19.8 449 +17.2
Physical demand 24.8+12.9 20.4+17.9 46.2 +£15.2
Temporal demand 62.8+17.7 74.4+13.2 63.5+25.8
Effort 50.8 +22.0 61.1+22.7 63.8+5.6
Performance 45.6 +20.9 41.4+19.8 45.8 +14.1
Frustration 45.3+14.2 65.8+18.1 61.2+18.9
Weighted workload 50.6 £12.7 61.9+12.8 61.0+7.7

Faculty physicians exhibited lower subject work-
load scores than residents for all tasks, except
supervising (Table 5). Residents performed only one
supervisory task during the observational period.
PGY-3 residents reported a mean workload score
of 71.8 (95% Cl, 64.0—79.6) for patient care tasks,
and this represented the highest mean workload
score reported for all groups. PGY-3 residents also
scored for exchanging patient information tasks
(66.2; 95% CI, 46.6—85.8) higher than either faculty
(53.8; 95% Cl, 46.5—61.0) or PGY-2 resident physi-
cians (58.8; 95% Cl, 47.1—-70.5). PGY-2 residents
assigned their highest workload score (67.5; 95%
Cl, 57.4—77.6) to charting, a task they spent more
observed time (20%) performing than any other
group.

Analysis of the six dimensions of subjective work-
load revealed relatively balanced scoring behav-
iors across physician training levels (Table 6). How-
ever, two dimensions—temporal demand (TD) and
frustration—drove the mean weighted workload
scores approximately 10 points higher (p=0.054)
for residents (61.5; 95% Cl, 54.9—68.1) than faculty
physicians (50.6; 95% Cl, 42.7—58.5). The differ-
ence in frustration scores between faculty (45.3;
95% Cl, 36.5—54.1) and residents (63.7; 95% ClI,
52.3-75.1) was statistically significant (p=0.02)

despite the small sample size. Nearly, 40% of
all physicians observed scored TD as the high-
est overall contributor to workload. The majority
(86%) of physicians had an average TD workload
score that exceeded their overall weighted work-
load score. Physicians ranked TD the strongest
contributor to workload for the following tasks:
direct patient care; charting; exchanging patient
information and eWB interaction. For the study
period, these tasks represented 68.2% of all
tasks performed and 78.4% of all clinical time
observed.

4, Discussion

This study replicated and expanded the methodol-
ogy of several previously published observational
studies in the ED and other clinical areas to gain
some insight on the effects of implementing an inte-
grated electronic whiteboard on physician work,
communication and workload in the ED. The results
of this study would have been greatly strength-
ened by using an increased sample size and either a
pre—post (i.e., eWB implementation) study design
or a randomized clinical trial (RCT). These changes
were not feasible for this study due to various
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organizational and resource constraints. This study
also did not use real-time audio recordings of
the observations or observer notes to supplement
the computer-assisted primary task analysis. This
methodology has been shown to add rich contex-
tual information to observational studies in the ED
[35]. Despite these limitations, a number of impor-
tant insights have been gained regarding the behav-
ior of physicians in a complex clinical setting sup-
ported by an advanced informatics infrastructure.
Information garnered from the study provides some
important feedback regarding the benefits of the
eWB and future improvements.

The most striking differences in our results com-
pared to previously published results relate to work
efficiency and interruption rates in the ED. We
report that EM physicians performed 102.6 (95%
Cl, 94.3—110.9) tasks and were interrupted 14.9
(95% Cl, 13.3—16.5) times per 180 min observational
period. Chisholm et al. reported that EM physi-
cians performed 67.6 (95% Cl, 62.2—73.0) tasks
and experienced 30.9 (95% Cl, 27.4—34.4) inter-
ruptions per 180 min period in a conventional ED
[33]. Similarly, we found that, on average, EM physi-
cians are interrupted every 9.5min, or 6.3 times
per hour. Chisholm and Coiera reported interrup-
tion rates of 9.7 and 11.5 interruptions per hour,
respectively [19,33,34]. Spencer et al. reported
23.5 and 8.3 interruptions per hour for attending
ED physicians and interns and residents, respec-
tively [42]. However, Hymel and Severyn reported
a lower rate (4.8 interruption per hour) in an urban
teaching ED [38]. Finally, we report that our pooled
EM physician group spent approximately 40% of all
observed time on direct patient care tasks. This
result is 10% higher than previously reported by
Hollingsworth et al. who studied a similar sample
in a city teaching hospital. In an analysis of com-
munication events in the ED, Spencer found that
71% of total event time observed was related to
patient management. Although unproven by the
current study, the results suggest that distributed
and accessible clinical information improves work
and communication efficiency.

Our results are consistent with those previously
reported by Hollingsworth et al. regarding the time
faculty and residents allocate to different tasks
[37]. Faculty, PGY-3 and PGY-2 physicians each
spent the greatest percentage of their clinical time
on direct patient care. Similarly, we found that
resident physicians perform the majority of chart-
ing tasks in the ED. PGY-3 resident physicians were
determined to be the workhorses of the ED in our
study, performing the most tasks and experiencing
the most interruptions. Our results did not sup-
port Hollingsworth’s finding that faculty walked less

than resident physicians [37]. We found no differ-
ence in the distance walked between our physician
groups.

As previously reported by Chisholm et al.,
we found temporary interruptions occurred at
nearly twice the rate that breaks-in-tasks occurred
[33,34]. We found that temporary interruptions
lasted approximately 30s in duration which is con-
sistent with results previously reported by Spencer
(i.e., 38s) [42]. We also found that tasks tem-
porarily interrupted, excluding the duration of the
interruption, were approximately 38s shorter in
duration than uninterrupted tasks. This finding calls
into question the quality of clinical work completed
in highly interruptive environments and has impor-
tant implications related to efficiency and patient
safety [43]. The results suggest that, upon resuming
temporarily interrupted tasks, physicians acceler-
ate or rush the completion of these tasks, perhaps
to make up for lost time created by the inter-
ruption. The effects of time constraints created
by interruptions may disrupt the pace or rhythm
of work. The relationships between interruptions,
work pace, quality of work and re-work will require
further study before solid conclusions can be made.

Overall, 14.8% of all observed tasks were inter-
rupted (e.g., temporary or breaks-in-tasks). Coiera
et al. previously reported 30.8% of all communica-
tion events were interruptions [19]. Face-to-face
interruptions, by physician or nurse, were deter-
mined to be the most common type of interruption
(68.6%) in our study. This result is supportive of
recent findings by Spencer et al. [42]. Although
interruption rates appear to be reduced in an ED
equipped with an eWB, it is clear that such syn-
chronous communications are still commonplace.
This is not a surprising or unsatisfactory result since
the ED is a dynamic, team-oriented environment.
These results tend to support Coiera’s earlier con-
clusion that ‘‘excessive emphasis on communica-
tion technology may be misguided since much may
be gained from information exchange through infor-
mation technology’’ [35].

In fact, only 9% of all interruptions directly inter-
rupted patient care. Therefore, safety interven-
tions, such as crew resource management, that
focus on provide—provider interactions outside the
patient’s room may produce the greatest improve-
ments in patient safety outcomes. The results
support or encourage a dual approach to clini-
cal improvement in complex environments, one
that finds a balance between information tech-
nology and team training (e.g., crew resource
management, Med-Teams, etc.). It is hypothe-
sized that the safest, most efficient and reliable
socio-technological systems will find this balance
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between human—human and human—technology
interaction. That is, IT solutions will facilitate the
efficient and safe communication of clinical data to
all members of a care team.

The eWB appeared to function as the command
and control center of the ED. One-fifth of all
clinical activities recorded in our study were
either eWB viewing or interaction. By comparison,
Spencer et al. reported that residents and attend-
ing physicians used a conventional EDIS for 3—5%
of communications events in a large metropolitan
teaching hospital [42]. Provider-to-provider com-
munication (i.e., exchanging patient information)
was the most common task preceding and succeed-
ing eWB activity. This result re-emphasizes the
importance of team communication and feedback
in the ED. Only direct patient care and retrieving
records occurred more often after eWB activity
than before. Although resident physicians reported
higher overall workload scores and workload
scores across most tasks, including eWB usage,
than faculty physicians, the workload scores
were well-distributed. The workload differences
observed across physician training level suggest
that physicians with more experience have accli-
mated to the work environment and have achieved
a greater sense of control over job demands. This
is supported by the finding that residents ranked
frustration as major contributor to their workload
while faculty physicians did not. All physicians
ranked temporal demands and mental demands as
major contributing factors to workload, a result
that is expected in the fast-paced ED environment.

These results appear to have important human
factors and safety implications. The eWB appears to
improve the distribution of workload among team
members and improve provider situational aware-
ness. However, these results must be viewed as
preliminary due to limitations in the study design
and analysis. First, additional studies using local
controls (i.e., pre—post study design) are needed
to evaluate the true impact of the eWB on provider
outcomes and performance. Secondly, although the
investigators tried to replicate previously published
methodologies to enable comparisons of results
across studies, differences remained and must be
acknowledged in evaluating the results and conclu-
sions.

Future research must focus on the relationships
among task load factors, communication factors,
and information technology factors and patient
and provider safety outcomes. Research method-
ologies from human factors engineering are well-
suited for examining the specific linkages among
ED work state, EM provide state (i.e., psycholog-
ical and physical well-being), efficiency and safety

in the emergency department. Finally, observa-
tional studies must be continued in the ED, but
extended to provider teams rather than isolated EM
providers.
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