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Abstract

Emergency departments present a challenging environment for
workflow evaluation and measurement of the effect of informa-
tion system interventions. This paper describes a time-motion
data collection tool built as a handheld computer application.
The tool allows mobility of the observer and the intuitive inter-
face supports rapid selection of tasks and frequent changes in
tasks. It also allows documentation of overlapping tasks, a com-
mon occurrence in the emergency department. Synchronized
data collection across the different providers of care in the
emergency department is demonstrated, resulting in a data set
from which task/event sequences can be built, documenting the
ED care of individual patients. This technique should provide a
very useful tool in measuring the effect of process changes in this
difficult-to-assess environment, particularly changes in the in-
formation system.
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Introduction

Emergency Departments (EDs) across the country are struggling
to provide timely and high quality care under an ever-increasing
burden of higher volume and sicker patients, leading to what has
become a nationally recognized crisis in emergency care, partic-
ularly in urban academic EDs.[1] Time-motion studies have long
been used to provide insights into work flow issues in health
care.[2] They have been used in several ways in the ED, includ-
ing study of task interruptions.[3,4] Time-motion studies are of-
ten performed using paper, pencil and stop watches, but this
approach has its limitations. Using stop watches to record dura-
tions does help to answer questions about what caregivers spend
their time doing, but cannot provide information about the inter-
actions of activities across care providers. Capturing starting and
ending times of activities along with a description of the activity
is difficult, particularly in the emergency department, due to fre-
quently changing and sometimes overlapping tasks. For example
a physician may view laboratory results on a computer during
the course of a telephone discussion with a consulting physician.
Whether this situation represents overlapping activities depends,
in part, upon the degree of granularity with which the study is
done. For the purpose of studying the effects of information-sys-
tem implementations on user workflow, a high degree of granu-
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larity is desirable. In such settings, handheld computer
applications have been found useful in capturing activities in a
sufficiently high resolution and granularity. [5] Typical time-
motion studies provide information about what subjects do with
their time. Comparisons can be made across different settings or
to determine effects of workflow interventions in the healthcare
workplace, such as the effect of physician order entry on clini-
cian time. [6]

In addition to the activities of emergency department physicians
and nurses, the activities of other care providers are also of inter-
est, including: consulting physicians, ED technicians, radiology
technicians, phlebotomists, ECG technicians, respiratory thera-
pists and housekeeping personnel. Furthermore, the interactions
and dependencies between the activities of care providers are of
significant interest in the emergency department. Capture of in-
formation regarding these interactions and dependencies might
be useful in efforts to improve efficiency. This paper describes
the use of a tool that supports synchronized time-motion data
collection across multiple providers of care using a handheld
computer application.

Methods

Data Collection Tool

The tool is designed to be operated in one of three modes, to cap-
ture observations from any one of three perspectives ~ the ED
physician, the ED nurse, and the patient/room. The patient/room
observer perspective allows the capture of activities of care not
provided directly by an ED physician or nurse such as being
brought to the room or having blood drawn by an ED technician.
It also allows capture of times not related to patient care such as
arrival of housekeeping personnel to clean rooms between pa-
tients. Observed activities can be viewed as tasks or as events de-
pending upon the event/task and the context of analysis.
Particularly with regard to the observations made from the pa-
tient/room perspective, much of the observed activity may be re-
garded as events in the patient’s care rather than tasks performed
by a provider. Hence both event and task, and occasionally the
more general term activity, are used in this paper depending
upon the analytic context.

The application was developed in Satellite Forms (Pumatech,
Inc., San Jose, CA, USA) for the Palm OS (PalmSource, Inc.,
Sunnyvale, CA, USA). The tool is designed with buttons and
pick lists allowing categorization of activities in an easy and in-



tuitive manner (see Figure 1). The tool has separate forms for
each perspective (physician, nurse, and patient/room). On each
form, there are up to eight buttons for high-level categorization
of possible events. On the physician form, for example, button
categories include “with patient”, “with purse”, “with doctor”,
“information system”, “paper chart”, “in transit”, “phone”, and
“other”. For each of these categories, there are more specific
subcategories with descriptions displayed in a pick-list filtered
by the category buttons. Timing of the activity begins when the
button is pressed, allowing some deliberation before picking the
subcategory while the activity continues. This is an important
feature, allowing separation of task timing from task identifica-
tion as Starren et al [5] and Overhage et al [6] also found. The
exact nature of the task is often not readily apparent as the task
begins. Figure 1 shows the tool after timing of physician activity
in a patient room. The timing began 16 seconds ago and the ob-
server is about to select from the pick list in the center of the
screen to further define the activity. The task prior to this is
shown at the bottom of the screen and was a transit to the patient
room.

Physician Tracking

Figure 1 -

To capture timing of overlapping activities, the tool allows si-
multaneous timing of two activities. The user taps a button la-
beled “multi” before selecting the second activity. Both
activities are then timed in this multitask mode until either activ-
ity is ended by tapping one of two “end” buttons that appear at
the bottom of the screen during timing of overlapping tasks. For
each recorded activity, the device ID and a sequentially generat-
ed event ID are recorded, together creating a unique key for that
activity in that session. Also recorded for each activity are start
time, stop time, duration, event-type code, patient ID, and pro-
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vider ID. For activities involving multitask mode, a link to the
overlapping activity is recorded.

Study Environment

Observation occurred during 9 sessions in the 62 bed emergency
department of a large urban academic medical center. Each ses-
sion consisted of approximately 4 hours of observation in a des-
ignated area of the ED defined primarily by physician-team
responsibility. Nursing responsibilities did not always coincide
exactly to the physician team responsibilities. In these cases, ob-
servations of some of the nursing activities were on patients
cared for by physicians outside of the study at that time. Obser-
vation sessions were conducted in the Trauma/Critical Care Unit
(1 attending, 3 residents, 3 nurses, 1 session), EM1 (1 attending,
2 residents, 2 nurses, 2 sessions), EM2 (1 attending, 1 resident,
2 nurses, 1 session), EM2S (1 attending, no residents, 2 nurses,
2 sessions), Urgent Care (2 or 3 physician assistants or nurse
practitioners, 2 nurses, 2 sessions), and 1 session in EM1 during
a resident retreat (2 attendings, no residents, 3 nurses). The ses-
sion in EM1 without residents is representative of the staffing in
this area during the weekly emergency medicine conference
mornings. Staffing during the remaining sessions was typical for
those areas. No observations were conducted in the ED Observa-
tion Unit as workflow in this area is quite different and less stan-
dardized than in the rest of the ED.

Data Collection

Data collection was performed by students who were provided
incentive to assist in the project by $25 gift cards for local spe-
cialty stores. Medical students performed most of the physician
and nurse tracking. Much of the patient/room tracking was per-
formed by undergraduate students who were enrolled in a medi-
cal research course. Patient/room observers monitored rooms
from the hallways and were responsible for monitoring between
3 and 5 rooms at one time. They were asked to prioritize the cap-
ture of non-physician and non-nurse related events when actiyvity
occurred in more than one room at once.

Observers were trained during an approximately 2-hour session.
The use of the tool was demonstrated in a classroom setting and
the structure of the task categorization scheme was reviewed.
They were also shown the various paper chart forms as well as
the various information system applications they would need to
recognize.

They practiced on the handhelds in the classroom for a short
time. Then they were assigned to track providers in the emergen-
cy department for about 45 minutes during which time any ques-
tions they had could be answered while the author circulated
amongst them. After this practice observation session, they re-
turned to the classroom where any additional questions were an-
swered.

Data Analysis

Table 1

Following each observation session, the data were collected onto
one handheld computer using an infrared beaming function in-
corporated into the tool. Then the entire data set was uploaded to
a desktop computer via a cradle connection and imported into



Microsoft Access. A session ID was added and the data from all
sessions were combined. Each of the 214 event types (items that
could be chosen by the observers from the lists on the tracking
screens) was categorized into one of three major categories — di-
rect patient care (tasks completed in contact with patients and
family members), indirect patient care (including documenta-
tion, care-planning, order processing, etc.), and other (personal
time, waiting, administrative, etc.). They were also categorized
according to the tracking mode (physician, nurse, or patient/
room) and the task category selected by the user by tapping the
buttons on the screen. Finally, an additional categorization was
applied yielding the subcategories as seen in Table 1. Analysis
was then done using Microsoft Access and Excel, including lib-
eral use of pivot tables.

The combined event/task list was subsequently sorted on room
and date/time to create a longitudinal record of each patient’s
care in the ED during the observation sessions. While some pa-
tients had already been under care for some time before a session
began and others arrived just prior to the end of a session, there
were a number of patients for whom a meaningful longitudinal
record was created. Through manual inspection of this record,
individual events/tasks were labeled as milestones in the pa-
tient’s care, creating a summarized timeline of the care of that
patient. Additionally, by sorting on patient room, a record of
room-specific events and intervals between patients was created.
From the labels that were attached, patient care process intervals
were then calculated. The calculated intervals were: arrival in
room to initial nurse assessment, arrival to first physician (or NP/
PA) evaluation, initial physician orders to initial order fulfill-
ment, arrival to disposition decision, initial physician evaluation
to disposition decision, arrival to patient disposition (leaving ED
for discharge or inpatient room), patient disposition to room be-
ing cleaned by nurse, patient disposition to arrival of housekeep-
ing, arrival of housekeeping to arrival of next patient, and
disposition of patient to arrival of next patient. Not all intervals
were clear from the data collected and some events did not apply
to some patients. For example, in a few patients, the time of dis~
position-decision was not clear from the data collected. Urgent
care rooms often do not require housekeeping services between
patients. Sometimes nurses must clean equipment or items con-
taminated by bodily fluids, since there is a limit to what house-
keeping will do in such circumstances. Other times nurses do not
become involved in the cleaning process

Table 2.
P;);’s/i;i:n Nurse
|All Tasks ISeconds 339708 271825
Task Count 4349 3887
lOverlapping [Seconds 25106 12571
Instances 357 231
[Task Count 714 462
% Overlap  [Time 7.4% 4.6%
Task Count 16.4% 11.9%

Results

Over the 9 observation sessions the following providers were
tracked:

* 17 nurses in 20 nurse sessions (3 nurses twice)

+ 7 attendings in 8 sessions (1 attending twice)

¢ 1lresidents in 8 full resident slots (shift changes)
+ 5NP/PA’s in 4 % sessions (1 for a partial session)

Table 1 shows the breakdown of total task duration by category
of task and provider group type in terms of percentage of total
for provider group.

Overlapping Tasks

The task overlap for physician and nurse provider groups is
shown in Table 2. For the physician/NP/PA group, 16.4% of
tasks involved an overlap with another task. This overlap ac-
counted for 7.4% of total task time. For nurses, 11.9% of tasks
involved overlap accounting for 4.6% of total task time. The
more common overlapping tasks for physicians were as follows
(with total overlap time in seconds followed by number of occur-
rences in parentheses): combining history taking or discussion
with physical examination (4396/27), documenting on paper
while in direct patient care (2189/14), using the information sys-
tem while working with the paper chart — documenting results or
order writing (3463/49), using the information system while on
the phone — care-planning with other physicians and probably
passing some time on hold (1241/21), using the information sys-
tem while care-planning with other physicians directly in the ED
(3455/40), working with the information system while care-
planning with or giving orders to a nurse (982/26), writing orders
in the paper chart while care-planning with another physician
(1212/27), and care-planning with a nurse while documenting in
the paper chart — including writing orders (994/22).

Event Sequencing

Using the labeled list of events/tasks sorted by room and date/
time, 92 patients were found that had measurable intervals with-
in the patient visit and 26 instances in which the interval between
two patients was observed. Table 3 shows the intervals.

Discussion

The time spent by providers performing various tasks as ob-
served in this study, using our handheld data collection tool, is
generally similar to previously reported emergency department
time-motion data.[3,4] We did observe differences in activity
breakdown across different areas of the ED and depending upon
whether attending physicians are working alone or with resi-
dents. The significance of the findings will depend upon the pur-
pose of the analysis. The purpose of the analysis will in fact
determine the unit of analysis. For example, analysis might be at
the overall session level if one is evaluating performance of the
ED on different days of the week. For evaluation of the variance
between individual providers or groups of providers, the analysis
might be at the provider-session level.



Table 1

Category Sub-Category Nurse At;egndi NP/PA Res:den NNuornse Pr:vlilder
Totals Totals

Direct Nursing Assessment 5.6% 0.0% 0.0% 0.0% 0.0% 2.5%
CarePlanning At Bedside 0.0% 0.1% 0.1% 0.3% 0.2% 0.1%
History & Physical 0.0% 19.6% 20.3% 13.6% 16.9% 9.3%
Other/Unknown at bedside 11.0% 0.0% 0.0% 0.0% 0.0% 4.9%
Procedure 20.7% 2.5% 7.5% 6.2% 5.3% 12.2%
Other Discussion - Pt & Family 2.8% 5.9% 3.5% 5.6% 5.3% 4.2%

Direct

Total 40.2% 28.1% 31.4% 25.8% 27.6% 33.2%

Indirect ADGO (Lab/X-ray Order Result) 2.7% 3.2% 0.8% 2.0% 2.2% 2.4%
HMED (ED tracking system) 6.1% 9.3% 16.1% 7.5% 9.7% 8.1%
ClinDesk (Data Repository) 0.0% 2.4% 0.0% 1.4% 1.5% 0.8%
Login to computer 0.3% 1.1% 0.5% 1.1% 1.0% 0.6%
Care Planning W ith Other Providers 9.9% 18.6% 7.2% 19.8% 17.0% 13.8%
Direct Care Related (¢.g. transit) 11.9% 4.7% 4.3% 5.7% 5.2% 8.2%
Paper Documentation 16.3% 12.8% 17.6% 8.8% 11.8% 13.8%
Knowledge Acquisition (e.g. ref. book) 0.0% 0.3% 1.6% 0.9% 0.9% 0.5%
Other/Unknown 5.3% 2.3% 2.4% 3.5% 2.9% 4.0%
Prescribing Care (paper orders/scripts) 0.0% 5.4% 1.4% 3.8% 3.9% 2.1%
Procedures (e.g. lab procedures) 0.0% 0.0% 0.3% 0.1% 0.1% 0.0%
Family Discussion by phone 0.0% 0.2% 0.2% 0.0% 0.1% 0.1%
Patient Info Review, Other (paper) 0.0% 0.0% 0.0% 0.2% 0.1% 0.0%
Results Review (paper, X -ray) 0.0% 2.6% 0.6% 2.6% 2.2% 1.2%
Searching (for people, supplies, etc.) 1.3% 1.2% 2.4% 2.1% 1.9% 1.6%
Teaching Students 0.0% 1.4% 0.0% 0.7% 0.8% 0.5%

Indirect

Total 53.6% 65.2% 54.8% 60.0% 60.8% 57.6%

0 ther Cleaning 1.2% 0.0% 0.1% 0.0% 0.0% 0.5%
Other/Unknown 0.9% 0.3% 0.3% 0.3% 0.3% 0.6%
Personal/W aiting 4.2% 6.1% 12.8% 13.7% 11.0% 8.0%

0 ther

Total 6.2% 6.6% 13.8% 14.2% 11.6% 9.2%

Grand

Total 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%

One potential use for accurately timed direct observations is cor-
relation between the times of observed activities and the corre-
sponding times as documented in the patient record or
information system. We implemented physician order entry
along with electronic nursing documentation in our ED after the
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completion of the data collection described in this paper. We ex-
pect to use the data now collected by the information system in
performance improvement projects directed at patient care pro-
cesses. We know that the order timestamps are accurate since or-
dering is performed in the system. However, time of



documentation of order fulfillment (obtaining blood samples
and medication administration) is not tied directly to the perfor-
mance of those tasks. We would like to have a measure of the
variance between the performance of such tasks and the docu-
mentation thereof. Direct observation would be the best way to
capture the information and the accurate timing that is a basic
function of the handheld computer application is critical in data
collection for this purpose.

Table 3

M1 | Mz UC
‘::::::' toNurse |5 11y 9(125) | 24(1-56)
l‘:‘;;isv;'v:: First 14(1-40) | 14(0-83) | 28(0-118)
:,f:lsé]::g::s to 13 (2-47) 12 (2-30)
Arrival o Dispo | oo 30 114y | 99 (59-141) | 69 (20-151)
Decision
‘l;ir:;za' to 114 (73-142) | 104 (66-143) | 88 (41-152)
_g_::;z Decisionto | o, 142y | 42(7-121) | 21(1-72)
f)ii's:ophys Evalto| o\ 17111y | 82(18-132) | 40 (7-146)
2;:::’1 to Nurse 8 (1-31) 8 (1-12)
;;‘gn:’ House- | 134343y | 12039 | 14(11-16)
isrisv?lxeepi“g ol a7 | 274113 7(7-7)
gi:r‘;‘v’: 23(8-58) | 32(8-118) | 37(2-103)

Synchronization of activity timing across multiple observers
supports the construction of interval data through analysis of
event sequences, but care must be taken to identify sampling bi-
ases. For example, the lengths of stay (arrival to disposition in-
tervals) we measured are clearly not representative of our ED
and should in no way be viewed as a measure of length of stay.
Wait times for inpatient beds are frequently many hours and turn
around times for many radiology tests are much longer than
these lengths of stay would suggest. Since we were only observ-
ing for four hour sessions, we were much more likely to capture
intervals during shorter ED stays. The patients that remained in
ED beds for the entire session awaiting an inpatient bed or re-
sults of evaluations are not included in that data.

Nonetheless, interval data may be of use in other ways. For ex-
ample, room turn-around time is a concern. Since we virtually
always have patients in the waiting room, we are always in need
of bed space. We know that beds sometimes remain empty for
extended periods between patients. If it is thought that the prob-
lem is getting the rooms cleaned by housekeeping, this data
might suggest other factors are involved. The intervals between
the arrival of housekeeping and arrival of the next patient are
longer than the intervals from disposition to arrival of house-
keeping in this data set.

Our initial data collection reveals significant overlap of tasks.
Many of the overlapping tasks observed relate to tasks that are
impacted by changes in the ED information system that have
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been implemented since these data were collected. We plan to
perform another cycle of time-motion data collection for com-
parison to this data set for the purpose of evaluating the effects
of the information system changes on provider workflow. We
expect to see differences in time spent on a number of tasks in-
cluding paper documentation and use of the computer systems.
The capability of our handheld application for measuring over-
lapping tasks is viewed as critical for this purpose. In the future,
we will be considering implementation of electronic physician
documentation. We have significant concerns regarding an in-
crease in physician time required for documentation using the
proposed system. Time-motion study may also provide a mea-
sure of this effect in a pilot trial before committing the entire ED
to such a change.

Conclusion

The handheld computer application described enables collection
of a highly useful data set in the hectic environment of a hospital
emergency department. The application readily supports the col-
lection of time synchronized data across multiple providers or
perspectives. Capture of other “events” in care provides oppor-
tunity to obtain measures of care processes not possible with
standard time-motion studies. Allowing timing of overlapping
tasks is also apparently important, particularly in the evaluation
of how information system changes affect provider workflow, in
that providers often do documentation and use the information
system in conjunction with other tasks.
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