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An Objective Metbodology for Task Analysis and

Workload Assessment in Anesthesia Providers
Matthew B. Weinger, M.D.,* Oliver W. Herndon, B.S.,t Mark H. Zornow, M.D.,} Martin P. Paulus, M.D.,§

David M. Gaba, M.D., | Larry T. Dallen, M.D.#

Background: Administering anesthesia is a complex task in
which either human or equipment failure can have disastrous
consequences. An improved understanding of the nature of
the anesthesiologist’s job could provide a more rational basis
for improvements in provider training as well as the design
of anesthesia equipment. The objective of this study was to
develop a set of techniques to evaluate anesthesiologist per-
formance and to determine what information could be ob-
tained from performing real-time task assessment and work-
load analysis tests in the operating room.

Methods: The methodology used included time-motion
analysis, secondary task probing, and subjective workload as-
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sessment. The time-motion data was subjected to subsequent
analysis to generate quantitative measures such as task du-
ration (time spent focused on an individual task) and task
density (the number of tasks initiated per minute). The latency
of response to a “vigilance light” was used as a secondary task
probe. Finally, both the observer and the subjects themselves
scored workload at 10-15-min intervals throughout the case.
Two groups of anesthesia providers performing general en-
dotracheal anesthesia for simple ambulatory surgical cases
(1-4 h duration) were examined using this methodology. In
the first group, 3rd-yr anesthesia residents and experienced
certified registered nurse anesthetists (n = 11) performed cases
under limited supervision by an attending anesthesiologist.
In the second group, novice residents in their first 8 weeks of
training (n = 11) performed similar cases under nearly con-
stant attending supervision.

Results: The two groups seemed to manifest different pat-
terns of task behavior, task density, subjective workload, and
latency of response to the vigilance task. Response latency to
the vigilance task increased at times of increased workload
(e.g., during induction of anesthesia). The experienced (less
supervised) providers spent significant amounts of time ob-
serving the monitors and the surgical field, whereas the novice
subjects spent more time conversing with the supervising at-
tending. Despite performing fewer tasks per minute (lower
task densities), the novice subjects exhibited longer latencies
of response to the vigilance light and increased subjective
workload. Novice subjects also had longer task duration values.
For example, postintubation, novices focused on their moni-
tors for an average of twice as long as did experienced subjects
(13 + 2 vs. 7 + 1 5) before moving on to another task.

Conclusions: These techniques permitted an objective de-
scription of task characteristics, workload, and vigilance in
anesthesia personnel under actual work conditions. This
methodology could aid in understanding the factors that affect
anesthesiologists’ performance and may prove useful in as-
sessing the progress of training. (Key words: Anesthesiologists:
performance. Ergonomics. Performance: measures. Workload
assessment: real-time task analysis; secondary task probing;
subjective. Vigilance: measures.)

THE ANESTHESIOLOGIST performs in a complex, high-
technology, high-workload, high-risk task environment
in which either human or equipment failure can have
disastrous consequences. In anesthesia, as in aviation,
much of the morbidity and mortality appears to be due
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to human error."? A scientific description of the anes-
thesiologist’s task patterns and workload would aid in
our understanding of the nature of the anesthesiologist’s
job and provide a more rational basis for improvements
in the design of anesthesia equipment and the operating
room environment. A comprehensive description of the
task requirements of the anesthesia job also would sug-
gest ways to improve anesthesiologist training. The
value of this type of behavioral research has been borne
out in other fields.*%** However, the application of
these ergonomic techniques to the clinical anesthesia
environment is a relatively new endeavor.

The administration of anesthesia requires many skills,
including sustained vigilance, parallel decision-mak-
ing, and fine motor skills.”tt Human performance has
been studied exhaustively by cognitive psychologists,
though primarily by using volunteers in laboratory set-
tings.>“*? In recent years, however, more emphasis
has been placed on studying behavior in real-world
environments, where much can be learned about the
factors affecting human performance.®=¢1%!!

It has been suggested in previous anesthesia task
studies that the number of tasks (task load) and the
speed of task performance (speed load) may vary with
the phase of the anesthetic.' 2~ However, these effects
have not been quantified or related to other perfor-
mance variables. Performance of the anesthesiologist
could be described objectively in real-time in a number
of other ways, including measurement of time spent
on primary (direct patient care) versus secondary tasks,
task efficiency, spare capacity (ability to react to new
task demands), vigilance, and physiologic responses.

The purpose of this study was to develop and to val-
idate objective techniques of task analysis and workload
measurement of anesthesiologists in the operating room
environment. The measurement techniques used were
(1) primary task analysis, (2) secondary task probing
(use of a visual vigilance test), and (3) subjective
workload assessment. In addition, task density analysis,
anovel form of analysis adapting a technique previously
used to describe the behavior of physical systems,'®
was performed.

** Lowry ], Seaver D: Handbook for quantitative analysis of MAN-
PRINT considerations in army systems. Research Product 88-15.
Washington, DC, United States Army Research Institute for the Be-
havioral and Social Sciences, 1988.

t1 Gaba D: Human performance issues in anesthesia patient safety.
Problems in Anesthesia 5:329-350, 1991,
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To examine the value of these techniques, two dif-
ferent cohorts of anesthesia providers performing sim-
ple general anesthetic cases were studied. The first
group consisted of 3rd-yr (CA3) residents or experi-
enced certified registered nurse anesthetists performing
anesthesia with minimal supervision by an attending
anesthesiologist. The second group consisted of novice
residents (in their first 8 weeks of training; CA1) work-
ing under close attending supervision.

Materials and Methods

After acquiring institutional approval, junior anes-
thesia residents (2-8 weeks of experience) under close
attending supervision and experienced anesthesia care
providers (CA3 residents and certified registered nurse
anesthetists with at least 4 yr of experience) under lim-
ited attending supervision were studied (table 1). All
studies were performed at the University of California,
San Diego Medical Center, either in the same-day sur-
gical suite or in the main operating rooms. Eleven rou-
tine cases of general endotracheal anesthesia of 1-4 h
duration, most on healthy patients, administered by the
inexperienced residents were studied. Eleven similar
cases performed by the experienced practitioners also
were analyzed to examine the validity and potential
usefulness of the task analysis and workload assessment
techniques under development.

After written, informed consent had been obtained,
the study was carefully explained to the subjects. They
were told explicitly that patient care was paramount
at all times and that they could terminate the study at
any time. An Apple Macintosh computer (Cupertino,
CA), mounted on a cart, was placed in the operating
room at a site (usually near the medication cart, adja-
cent to the anesthesia machine) that allowed the ob-
server to view clearly the anesthesia provider without
interfering with patient care activities. The collection
of data commenced when the patient entered the op-
erating room and was terminated when the patient left
the operating room.

Three measurement techniques were used to inves-
tigate the task and workload profile during the admin-
istration of anesthesia: primary task analysis, secondary
task probing, and subjective workload assessment.

Primary Task Analysis
A trained observer (one of three individuals) was po-
sitioned in the operating room so that all of the anes-
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Table 1. Demographics

ASA Case
Level of Amount of Physical Duration
Group Case Subject Sex Experience Experience Case Type Status {min)
Weeks
Novice 1 1 M CA1 2 Breast augmentation 2 165.2
2 2 M CA1 3 Hypospadius repair 1 120.2
3 2 M CA1 3 Chordae release, circumcision 1 93.6
4 3 M CA1 3 Knee arthroscopy 2 101.5
5 4 M CA1 4 Ptosis repair 1 112.2
6 5 M CA1 4 Dilation and evacuation 2 54.9
7 5 M CA1 4 Laparoscopy 1 57.3
8 6 M CA1 7 Lumbar laminectomy 2 173.7
9 1 M CA1 7 Incision and drainage of leg 3 160.6
10 4 M CA1 8 Laparoscopy 1 80
11 4 M CA1 8 Dilation and evacuation 1 68.9
Mean + SEM 4807 1.5+02 107 £ 13
Years
Experienced 12 7 M CA3 3 Laparoscopic tubal ligation 2 471
13 8 M CA3 3 Laparoscopy 1 60.8
14 9 F CRNA 32 Dilation and curettage 2 54.9
15 10 F CRNA 6 Breast augmentation 1 155.6
16 1 M CRNA 14 Endoscopic sinus surgery 3 101.14
17 1 M CRNA 14 Endoscopic sinus surgery 2 161.7
18 12 F CRNA 4 Dilation and evacuation 2 441
19 13 M CA3 2 Dilation and evacuation 1 427
20 14 F CRNA 6 Bone marrow harvest 2 116.1
21 14 F CRNA 6 Liposuction 1 108.9
22 15 M CRNA 5 Dilation and evacuation 2 54.3
Mean + SEM 86+26 1.7+02 86 + 14

CA1 = 1st-yr anesthesia resident; CA3 = 3rd-yr anesthesia resident; CRNA = certified registered nurse anesthetist.

thesia provider’s activities were visible, but not so as
to obstruct the performance of anesthesia. The activities
of the primary anesthesia provider, resolved into 28
task categories, were recorded by the observer using a
custom Hypercard (Claris, Cupertino, CA) program
(fig. 1) running on an Apple Macintosh computer. Each
occurrence of a task as well as the time spent perform-
ing the task were measured by the observer by clicking
with an input device (mouse) on the appropriate icon
(button) on the Hypercard window. Because the pro-
gram was designed to record only a single task at a
time, if two tasks occurred simultaneously, the observer
recorded the dominant task first and then toggled be-
tween the two task categories based on the frequency
each dominated the subject’s time. The different task
categories are listed in figure 1. Teaching of the subject
by the attending physician was coded as “‘attending
conversation,”” whereas teaching of students and other
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personnel by the subject was coded as “‘teaching.”” Data
collection was suspended when the subject was out of
the operating room on a break.

Secondary Task Probing

The latency of response (reaction time) to a ‘‘vigi-
lance light”’ was used as an indirect indicator of work-
load or spare capacity. A small, bright-red light (1 cm
in diameter, mounted on the side of an 8 X 12-~cm
black box) was placed on top of the electrocardiogram
monitor within the anesthesia machine monitoring ar-
ray. The subjects were instructed to respond with either
a verbal or manual indication as soon as they detected
the illumination of the light. By allowing multiple mo-
dalities of response to this secondary task probe, re-
sponsc times would be little affected by other ongoing
manual or verbal tasks. Throughout the anesthetic
(twice during the induction period and every 10-15
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Fig. 1. Computer input screen used by the observer to enter individual tasks as well as subjective workload scores. The observer
toggles among tasks actually performed by the subject using the Macintosh mouse pointer. The resultant data, with associated

times, are automatically transferred to an internal table that can

be easily downloaded to a spreadsheet. For a full description

of the task abbreviations, refer to table 2. Reprinted with permission.

min thereafter until the conclusion of the anesthetic),
the light was turned on by the observer at random in-
tervals. When the subject indicated recognition of the
illumination of the light, the light was promptly extin-
guished and the response latency (in seconds) was re-
corded by the observer.

Subjective Workload Assessment

Workload was assessed both by the subjects them-
selves and by the trained observers at regular intervals
using Borg’s workload scale'® (6 = no exertion to 20
= maximum exertion). At approximately 10-min in-
tervals during the anesthetic, the computer prompted
the observer first to score the subject’s workload and
then to record the subject’s own estimation of his or
her workload. The Hypercard program stored the time
of collection and ratings of subjective workload.

Data Analysis

The case studies were given a code number to en-
sure anonymity, and the data were processed using
custom software on Apple Macintosh, IBM PC-com-
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patible, and Sun SPARC I+ computers (Mountain
View, CA). For each type of data analysis, appropriate
inter- and intragroup comparisons were performed
using either parametric (analysis of variance [AN-
OVA]'7) or nonparametric (Mann-Whitney'®) tests to
ascertain statistical significance (P < 0.05 except as
noted below). In addition, correlation between dif-
ferent dependent variables were assessed using linear
regression analysis. Where appropriate, data are pre-
sented as mean * SEM.

Primary Task Analysis. The primary task data of
cach case were transferred from the Hypercard program
into a Microsoft Excel worksheet (Redmond, WA). Us-
ing a customized macro, the actual total time and the
percent of total case time spent on each task category
(table 1) were calculated. Average task durations
(dwell time) also were determined. For data analysis
purposes, the data from each case were then segmented
into preintubation and postintubation periods. The
preintubation period was defined as the period starting
with the entry of the patient into the room and ending
with successful tracheal intubation. The postintubation
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period started immediately after tracheal intubation and
ended when the patient left the operating room.

Two-way ANOVAs were used to examine intra- and
intergroup comparisons in the two cohorts of anesthesia
providers. In addition, Newman-Keuls « posteriori
tests'” were used to determine statistically significant
differences in the amount of time spent on different
tasks within as well as between groups. Overall task
duration values were calculated for all tasks performed.
However, to compare statistically (whether within or
between groups) the task durations associated with in-
dividual tasks, only tasks that occurred in all 11 cases
in both comparison groups were included in the anal-
ysis. Separate ANOVAs of task duration were then per-
formed for comparisons between subjects (novice vs.
experienced groups for pre- and postintubation) and
within subjects (pre- vs. postintubation for novice and
experienced groups). A P < 0.01 was used as the cri-
terion for statistical significance for the task duration
data.

Task Density Analysis. Task density was calculated
by dividing the total number of tasks initiated in a given
time period by the number of minutes in that time
period. It was assumed that the periods immediately
before and after tracheal intubation would involve
quite similar task characteristics and workload in cach
of the routine general anesthetic cases studied. Thus,
the time of tracheal intubation was made a reference
time-zero in each case, and the average task density
values were recalculated at 1-min intervals for the 5
min before and the 15 minutes after intubation. This
made possible an examination of the average task den-
sities in the two groups largely independent of indi-
vidual case duration. Differences were assessed with
two-way ANOVA,

The task density data for all of the cases in each
group were combined, and fluctuation spectrum
analysis'® was performed using a custom program run
on a Sun SPARC I+ workstation. With this analysis
technique, the likelihood of occurrence of a specific
task density at any random time during a case (e.g.,
the probability density) was calculated. These results
were then examined with a task density probability
spectrum plot, a plot of task density against the neg-
ative log of the probability density.'” In this rela-
tionship, the association of a particular level of task
density with a very low (negative log) probability
density represents a very bigh likelihood of occur-
rence of that particular task density value at any time
during the case. The statistical differences in the task
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density probability spectrum between groups were
compared by performing a Z-score test on the average
of the task density values of each of the 11 cases in
each of the groups.'?

Secondary Task Probe Analysis. The average re-
sponse latency to the illumination of the vigilance light
both before and after intubation for the novice and ex-
perienced practitioners was determined. The normality
of the vigilance light data was assessed using the Shapiro
Wilk test.?” Because of the nonnormal distribution of
the data, Mann-Whitney tests were used to ascertain
statistically significant (P < 0.05) differences between
groups and across time periods.

Subjective Workload Assessment. The subjec-
tive workload data of the two subject groups were
divided into preintubation and postintubation peri-
ods. The correlation between observer rating and
subject self-assessment of workload was determined
using linear regression analysis. Correlation coeffi-
cients were then compared using the method de-
scribed by Zar.? Inter- and intragroup differences
were assessed using two-way ANOVA followed by
Newman-Keuls tests.!”

Results

Atotal of 22 cases of general endotracheal anesthesia
were studied (table 1). Eleven routine cases of general
endotracheal anesthesia, with a duration of 107 + 13
min, were performed by five novice residents (2-8
weeks of training). Eleven similar cases of general en-
dotracheal anesthesia, with a duration of 86 *+ 14 min
(P> 0.05 compared with the novice group), were per-
formed by eight subjects (two 3rd-yr residents and six
certified registered nurse anesthetists who had 4-32 yr
of anesthesia experience). No significant unexpected
or critical events occurred during any of the anesthetic
cases studied. An experienced anesthesiologist was in
attendance supervising the novice residents approxi-
mately 75% of the time. In contrast, a supervising anes-
thesiologist was in attendance only approximately 10%
of the time in the experienced group.

Primary Task Analysis

Experienced Provider Group. Before tracheal in-
tubation (table 2), experienced providers spent a sig-
nificant percentage of their time conversing with the
patient and inserting the intravenous catheter (P < 0.05
compared with most other preintubation tasks and with
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Table 2. Preintubation

Percent Time on Task

Total Task Time (min)

Task Experienced Novice Experienced Novice
Adjust IVs 2913 1.7 £0.7 04+02 0.4 +0.1
Adjust monitors 7.7 +12* 77+16 1.0+ 0.1 1.7 £ 0.5
Airway secure/manipulation 0.2 +0.1* 02+02" 0.0+0.0 0.1+£01
Anesthesia machine adjustment 29+0.6 1.5+ 04 0.4 + 01 0.3+ 041
Attending conversation 1.7 £ 0.5% 10.6 + 2.61 0.2 £ 0.1% 22 +0.7¢
Controlled ventilation by mask 5413 35+1.0 0.7+ 0.2 0.6 +0.2
Converse with others 1.9+1.2 0.2 +0.1* 0.4 +03 0.0 0.0
Intubation 1.8 +0.3" 1.6 £ 0.4* 0.2+0.0 0.3 +0.1
Laryngoscopy 2604 2807 0.4+ 01 0.5=%0.1
IV catheter placement 223 + 4.6t¢ 131 £ 5.7¢ 3.0+ 0.7t 2.3 +1.0t
IV medications given 6.3+ 1.2t 1.4+07 0.8 + 0.1 04+ 0.2
Medication preparation 22106 1.2+0.6 0.3+ 0.1 0.2 +0.1
Nurse conversation 3.0x0.8 11+03 0.5+02 0.2 +0.1
Observe airway 0.1 +01 0.3 +0.2" 0.0+ 0.0 0.1 +0.1
Observe anesthesia machine 0.6 0.2 0.7 =0.3* 01+00 01 +0.0
Observe Vs 0.4 +0.2* 1.4 +0.7 0.1+00 0.3 £0.1
Observe monitors 7.2+ 07" 11.9 = 2.3+ 1.0+ 0.1% 2.6 0.7
Observe patient 1.2+ 0.6" 35+13 0.2 + 0.1 0.5+ 0.1
Observe surgical field None* 0.1 01" None 0.0+ 0.0
Other observation 0.1 +0.1* 0.0+ 0.0 0.0+ 0.0 0.0+0.0
Other tasks 29+1.0 0.8 +0.7" 04 +02 0.1+01
Patient conversation 13.5 x 2.2t 5.2 +£2.0* 1.7 £ 0.3% 09+0.3
Position patient 52+ 11 8.7+ 41 0.7 £ 0.1% 1.9 + 0.8t
Recording 20+1.0" 36 +1.7" 0.4 +0.2 0906
Spontaneous ventilation by mask 5.0+ 0.7"¢ 16.9 + 6.5t 0.6 +£0.1% 3.0+1.2¢
Suctioning 0.0 £ 0.0* 0.0 = 0.0* 0.0+0.0 0.0=+0.0
Surgeon conversation 1.1+05 0.3 +0.25 0.2+0A1 0.1 £01
Teaching 0.0+ 0.0 0.0+0.0 0.0+ 0.0 0.0+0.0

IV = intravenous or intravenous fluids.

* P < 0.05 compared with the same task postintubation.
1 p < 0.05 compared with most other tasks within group.
1 P < 0.05 for novice versus experienced.

the same tasks postintubation). Other tasks that occu-
pied a large percentage of the preintubation period
included observing the monitors, monitor adjustment,
administration of intravenous medications, and spon-
taneous mask ventilation (P < 0.05 compared with the
postintubation period). The three most common tasks
in each case constituted 49 * 3% of the total time be-
fore intubation. In fact, there was a great deal of uni-
formity among cases in terms of the most common tasks
performed during induction. On the whole, observa-
tion (except of the monitors) and conversation (except
with the patient) tasks were performed infrequently.
With the exception of intravenous catheter placement
and conversation with the patient, no task consumed
more than 1 min of actual time before intubation. When
all tasks were considered, the average task duration
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(known as dwell time in the human factors literature)
was 9.9 £ 0.3 s.

Postintubation (table 3), experienced providers
spent the majority of their time performing three
tasks: observing the monitors, recording, and ob-
serving the surgical field (P < 0.05 compared with
preintubation tasks as well as with most other pos-
tintubation tasks). Observation tasks were signifi-
cantly more common after than before intubation.
Tasks that were largely unique to the postintubation
period included observing the airway, securing the
airway (e.g., securing the tracheal tube), observing
the surgical field, teaching, and suctioning. Postin-
tubation, the overall average task duration (all tasks)
was 10.6 + 0.5 s (P> 0.05 compared with all tasks
preintubation).






