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BACKGROUND: Trauma resuscitations arehigh-pressure, time-critical events duringwhichhealth care providers formadhoc teams to rapidly assess and
treat injured patients. Trauma teammembers experience varying levels of workload during resuscitations resulting from the objective
demands of their role-specific tasks, the circumstances surrounding the event, and their individual previous experiences. The goal of
this studywas to determine factors influencingworkload experienced by trauma teammembers during pediatric trauma resuscitations.

METHODS: Workload was measured using the National Aeronautics and Space Administration Task Load Index (TLX). TLX surveys
were administered to four trauma team roles: charge nurse, senior surgical resident (surgical coordinator), emergency medicine
physician, and junior surgical resident or nurse practitioner (bedside clinician). A total of 217 surveys were completed. Univariate
and multivariate statistical techniques were used to examine the relationship between workload and patient and clinical factors.

RESULTS: Bedside clinicians reported the highest total workload score (208.7), followed by emergency medicine physicians (156.3),
surgical coordinators (144.1), and charge nurses (129.1). Workload was higher during higher-level activations (235.3), for
events involving intubated patients (249.0), and for patients with an Injury Severity Score greater than 15 (230.4) (p, 0.001
for all). When controlling for potential confounders using multiple linear regression, workload was increased during higher
level activations (79.0 points higher, p = 0.01) and events without previous notification (38.9 points higher, p = 0.03).Workload
also remained significantly higher for the bedside clinician compared with the other three roles (p e 0.005 for all).

CONCLUSION: Workload during pediatric trauma resuscitations differed by team role and was increased for higher-level activations and events
without previousnotification.This studydemonstrates thevalidityof theTLXas a tool tomeasureworkload in trauma resuscitation.
(J Trauma Acute Care Surg. 2012;73: 1267Y1272. Copyright* 2012 by Lippincott Williams &Wilkins) (J Trauma Acute Care
Surg. 2012;73: 1267Y1272. Copyright * 2012 by Lippincott Williams & Wilkins)
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Trauma resuscitations are dynamic, high-pressure events
characterized by variable tasks, time pressure, and a low

margin for error. Providers from several specialties with vary-
ing experience form ad hoc teams to rapidly assess and treat
injured patients. Team members are responsible for performing
specific tasks for their roles, while remaining aware of the ac-
tivitiesofothersandmonitoringpatient status.These factors, among
others, influence the ‘‘workload’’ experiencedbyeach teammember.

Workload is an abstract construct that quantifies an in-
dividual’s response to the demands of a task or set of tasks.1

An individual’s subjective experience of workload is mediated
by skills and knowledge, level of training, past experiences,
fatigue, and stress.1,2 Measurement of workload during trauma
resuscitation may give insight into patient, provider, and situ-
ational factors that influence individual and team performance.

The National Aeronautics and Space Administration Task
Load Index (TLX) is a widely used tool for assessing subjective
workload. While this tool was developed to measure workload
among pilots,1,3,4 the TLX is also applicable to other complex,

high-risk domains.3 Inmedicine, the TLXhas been used to study
workload associated with obtaining surgical skills, staffing
overnight shifts, and working in the emergency department.5Y15

These studies demonstrate increased provider workload with
increasing task and performance demands.

Although workload has been studied in other medical
domains, it has not been studied in trauma resuscitation. Given
the variable team dynamics and the high-pressure and unpre-
dictable nature of this domain, workload may play an important
role in how team members perform during trauma resuscita-
tion. The purpose of this study was to measure team members’
workload during pediatric trauma resuscitations and to identify
factors associated with increased workload during these events.

MATERIALS AND METHODS

Study Setting
Children’s National Medical Center is an American Col-

lege of SurgeonsYverified Level I pediatric trauma center lo-
cated in Washington, DC, that serves the greater District of
Columbia metropolitan area. The trauma teams evaluate ap-
proximately 550 injured children annually. This study was ap-
proved by the Children’s National Institutional Review Board.

Our hospital categorizes trauma resuscitations into two
levels of activation based on patient- and injury mechanism-
based criteria. Trauma stat attending (attending) is the higher
level of activation assigned to the most severely injured patients
with a Glasgow Coma Scale (GCS) score less than 8; hemo-
dynamic instability; risk of impending airway loss requiring
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intubation; a penetrating injury to the chest, torso, or neck; or
burns greater than 25% of the total body surface area. Trauma
stat (stat) is the lower level of activation assigned to patients
who do not meet these criteria but have an injury mechanism
or symptoms suggestive of significant injury such as altered
mental status, open fractures or penetrating injuries to the
extremities, skull fractures, blunt abdominal injury, or burns
involving 15% to 25% of the total body surface area. Our in-
stitution also receives trauma patients transferred from outside
hospitals. Transferred patients were excluded from this study
because they arrive stabilized and do not require a full trauma
team for management.

The trauma teams for ‘‘stat’’ level activations are
composed of four nurses (one on either side of the bed, one
medication nurse, and one documenting charge nurse), an
anesthesiologist, a respiratory therapist, a bedside provider
who performs the examination, a senior surgery resident or
pediatric surgery fellow who acts as the surgical team leader,
a surgical attending, and one emergency medicine (EM) phy-
sician who collaborates with the surgery team to direct the
resuscitation. At our hospital, the bedside provider role can
be filled by either a junior general surgery resident or a full-
time pediatric trauma nurse practitioner. The trauma teams for
‘‘attending’’ level activations also include an intensive care
unit fellow and a requirement for the attending surgeon to be
present within 15 minutes of patient arrival.

For this study, we measured workload among four roles
representing different clinical groups. The charge nurse was
included because this role documents the resuscitation and
serves as a liaison between team members at the bedside and
the team leaders. We surveyed the junior surgical resident or
nurse practitioner performing the initial bedside examination
(bedside clinician) because this role is task oriented yet can be
involved in higher-level clinical decision making. Given our
trauma center’s dual-leadership structure, we chose to survey both
the senior surgery resident (surgical coordinator) and EM phy-
sician to investigate their respective experiences as team leaders.

Team members receive notice of incoming trauma
patients by text page approximately 10 minutes before patient
arrival. We categorized events as either ‘‘with’’ or ‘‘without
notification,’’defining ‘‘without notification’’ as a page sent out
after patient arrival.

Data Collection
From July 2010 to October 2010, trauma team members

were approached immediately following their participation in
a resuscitation and asked to complete a paper survey measur-
ing their workload during the event. Workload was assessed
using the TLX, a multidimensional subjective assessment
tool in which the participants rate their perceived workload
on six subscales: mental demand, physical demand, temporal
demand, performance, effort, and frustration.16 Each dimen-
sion is rated on a continuous scale from ‘‘very low’’ to ‘‘very
high,’’ except performance, which is rated from ‘‘perfect’’ to
‘‘failure.’’ Handwritten marks on the continuous scales were
translated to numerical scores for each subscale (0Y100, in five
point increments). We calculated a total workload score by
summing the six subscale scores (maximum possible score of
600 points). The original TLX instructions included a step to

determine relative weights for each subscale, which are applied
before calculating the total workload score. This weighting
scheme requires participants to complete an additional survey
comparing each subscale in a pairwise fashion to determine
their relative importance. In pilot studies, the additional time
and effort required to fill in this second survey reduced partici-
pation. We therefore collected only raw subscale scores and
performed a simple sum to get a total score, an approach justified
by previous studies showing high correlation between weighted
and unweighted scores.17Y19

Of the 109 activations that occurred during the study
period, we included in our study sample all events for which
study personnel were available to distribute and collect sur-
veys. Surveys took less than 5 minutes to complete. To avoid
recall bias, surveys were only included if completed within
15 minutes of the end of the resuscitation.3 An attempt was
made to collect surveys from all eligible resuscitations with-
out interfering with patient care. Study personnel were present
for 66 events (61%) (Fig. 1). Among these 66 events, 56%
had completed surveys from each role, 26% from three roles,
11% from two roles, 6% from one role, and 2% had no surveys
completed. Of the 264 surveys administered during these
66 events, 217 completed surveys were collected.

Additional data were collected from our trauma registry
including patient age, injury mechanism (blunt vs. penetrat-
ing), GCS motor score upon arrival, normalized systolic blood
pressure (SBP) upon arrival, Injury Severity Score (ISS), in-
tubation status, disposition from the emergency department
(home, floor, or intensive care unit), activation level (‘‘at-
tending’’ vs. ‘‘stat’’), whether the team received notification
before patient arrival, day of the week, and time of the day. We
used only the motor score component of the GCS score based
on evidence showing that the predictive power of the motor
score is equivalent to that of the full GCS, that the motor score
has a linear relationship to mortality, and that it is more ac-
curately obtained.20 We normalized SBP values by calculating
age-specific z scores using normal values for children in the
United States.21 We categorized patients as either ‘‘intubated’’
or ‘‘not intubated,’’ with ‘‘intubated’’ defined as patients who
were intubated in a prehospital setting or in the trauma bay.

Data Analysis
We performed multiple imputations to manage missing

data, generating 10 imputed data sets using the mi impute
procedure (STATA, Stata Statistical Software, Release 11,
College Station, TX). The variables specified in the imputation
model included trauma team role, patient age, GCS motor
score, ISS, normalized SBP, intubation status, emergency de-
partment disposition, activation level, with or without notifi-
cation, weekend or weekday, and night or day shift. Analyses
were performed on each imputed data set to obtain a complete
set of estimates. The results were pooled using Rubin’s rules for
combining results of imputed data sets.22 Owing to the high
concordance between multiple measures of injury severity,
several variables in the imputation model were excluded from
the analysis model. The independent variables in the analysis
model included trauma team role, patient age, ISS (e15 vs.
915), activation level, with or without notification, weekend
or weekday, and night or day shift.

J Trauma Acute Care Surg
Volume 73, Number 5Parsons et al.

1268 * 2012 Lippincott Williams & Wilkins

Copyright © 2012 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



Univariate and multivariate statistical techniques were
used to examine the relationship between workload and resus-
citation factors. A mixed-effect multiple linear regression model
was used to account for the grouping of surveys within resus-
citation events. The square root of workload was used as the
dependent variable owing to violation of the normality as-
sumption when using the absolute workload value. The square
root of workload was back-transformed to the original scale to
aid in interpretation of the results.

RESULTS

Among the 66 activations, 48 (72.7%) occurred on a
weekday and 54 (81.8%) occurred during the day shift (7:00 AM

to 7:00 PM). There were 57 ‘‘stat’’ activations (86.4%) and nine
‘‘attending’’ activations (13.6%). Patients arrived without
previous notification in 18 events (27.3%). Of the events,
9 (13.6%) involved an intubated patient and 10 (15.2%) in-
volved a patient with an ISS greater than 15. There were no
mortalities in the study population. Seven patients (11%) ar-
rived with a GCS score of 8 or less.

Surveys were collected from 48 bedside clinicians
(72.7%), 54 surgical coordinators (81.8%), 57 charge nurses
(86.4%), and 56 EM physicians (84.8%) (Table 1). The bed-
side clinician role reported the highest mean total workload
score (208.7), followed by the EM physician (156.3), the sur-
gical coordinator (144.1), and the charge nurse (129.1). No
difference was observed between the workload of the surgical

TABLE 1. Workload by Provider During Pediatric Trauma Resuscitation, n = 66 Events*

Provider Surveyed
Bedside
Clinician

Surgical
Coordinator Charge Nurse

Emergency
Medicine Physician

Surveys collected, n (%) 48 (72.7) 54 (81.8) 57 (86.4) 56 (84.8)

Mean (SD) workload per NASATLX subscale Mental demand 36.9 (26.2) 27.4 (16.6) 29.6 (28.5) 34.5 (24.7)

Physical demand 26.3 (20.7) 16.8 (8.8) 9.9 (8.5) 22.4 (19.1)

Temporal demand 36.3 (24.7) 23.1 (12.2) 26.7 (26.9) 25.8 (19.1)

Performance 37.3 (18.3) 27.6 (12.4) 18.1 (12.6) 24.8 (15.1)

Effort 38.1 (24.4) 27.6 (14.5) 29.2 (23.8) 26.0 (18.1)

Frustration 33.9 (25.5) 20.6 (14.5) 15.7 (15.9) 23.0 (18.3)

Total workload, mean (SD) 208.7 (115.0) 144.1 (56.7) 129.1 (91.7) 156.3 (87.6)

*Based on 217 surveys (non-imputed data).

Figure 1. Survey collection during pediatric trauma resuscitations and approach for imputation of missing workload values.
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residents and nurse practitioners who served in the bedside
clinician role. Among all roles, the bedside clinician scored
each of the six subscales highest. All roles scored the physical
demand subscale as lowest.

Mean provider workload across all roles was higher for
‘‘attending’’ activations (235.3 vs. 133.2), intubated patients
(249.0 vs. 131.6), and for patients with an ISS greater than 15
(230.4 vs. 132.3) (p G 0.001 for all) (Table 2). Workload
was not significantly different for events with or without no-
tification, weekdays versus weekends, or day versus night
shifts. Patient age was related to workload, with team members
reporting the highest workload when treating the youngest
patients (G1 year) and decreasing workload with increasing
patient age. Workload for the youngest age group was signifi-
cantly higher compared with the oldest age group (Q13 years)
(181.4 vs. 114.1, p = 0.02).

Several factors were independently related to workload
in the multivariate analysis (Table 3). Team members reported
higher total workload during ‘‘attending’’ activations (79.0
points higher, p = 0.01). We found significant differences in
the total workload experienced by each role when controlling
for all other covariates. Similar to univariate findings, the
bedside clinician’s workload was highest overall, followed by
the EM physician (43.6 points lower), the surgical coordinator
(51.3 points lower), and the charge nurse (77.3 points lower)
(p e 0.005 for all). Patient age did not remain a statistically
significant factor in the multivariate model.

Despite not being statistically significant in the univar-
iate model, workload was significantly higher during resus-
citations without notification in the multivariate model (38.9
points higher, p = 0.03). This result is caused by the negative
correlation (r = j0.24) between level of activation and noti-
fication time. All ‘‘attending’’ activations had previous notifi-
cation of patient arrival, while only 39 (68%) out 57 ‘‘stat’’
activations had previous notification.

We analyzed the independent variables in the resuscita-
tions that were not included in the study sample to determine
how their exclusion may have impacted our results. There were
no significant differences for the patient or event characteris-
tics between resuscitations that did or did not have surveys
administered except for time of the day and day of the week.

DISCUSSION

Our current study addresses a key gap in resuscitation
research by reporting factors associated with workload levels
among individual team members during trauma resuscitation.
Our findings demonstrate that workload levels differ by pro-
vider role and resuscitation characteristics. This study is unique
in that it measured workload in individual team members
during a shared event. We chose to survey team roles with core
patient care and leadership responsibilities. In contrast, most
previous studies have focused on a single role12Y14 or differ-
ent levels of experience within the same provider type.7,9 By

TABLE 2. Workload During Pediatric Trauma Resuscitation by Patient and Activation Characteristics, n = 66 Events

Variable N (%) Workload*
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

Workload
p

, Mean (SE)† p

Age group, y

0Y1 9 (13.6) 181.4 13.5 (0.8) 0.02

2Y6 21 (31.8) 157.3 12.5 (0.6) 0.07

7Y12 22 (33.3) 141.4 11.9 (0.4) 0.23

Q13 14 (21.2) 114.1 10.7 (0.5) Reference

ISS category

915 10 (15.2) 230.4 15.2 (0.6) G0.001

e15 56 (84.8) 132.3 11.5 (0.3)

Intubation

Intubated 9 (13.6) 249.0 15.8 (0.5) G0.001

Not intubated 57 (86.4) 131.6 11.5 (0.3)

Activation level

Attending 9 (13.6) 235.3 15.3 (0.5) G0.001

Stat 57 (86.4) 133.2 11.5 (0.3)

Notification

Without 18 (27.3) 159.3 12.6 (0.5) 0.35

With 48 (72.7) 140.2 11.8 (0.3)

Weekend

Yes 18 (27.3) 145.4 12.1 (0.5) 0.99

No 48 (72.7) 145.2 12.1 (0.3)

Shift

Day shift (7:00 AM TO 7:00 PM) 54 (81.8) 147.4 12.1 (0.3) 0.63

Night shift (7:00 PM to 7:00 AM) 12 (18.2) 136.2 11.7 (0.5)

*Absolute value workload, back-transformed from complete imputed data set.
†Based on imputed workload values for 47 missing workload surveys.
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measuring workload among different roles, we found that
workload was unevenly distributed among team members. We
also found that each role had a unique composition of sub-
scales contributing to their overall workload score. Variability
in the subscale composition of the overall workload score may
relate to each role’s unique set of responsibilities. All roles
reported the lowest workload on the physical demand subscale,
which was not surprising given that most tasks performed by
trauma team members involve minimal physical work.

We found that the bedside clinician had the highest total
workload as well as the highest workload for each subscale,
whether being filled by a general surgery resident or a trauma
nurse practitioner. The residents rotate from adult facilities and
may be unfamiliar with working with children, while the nurse
practitioners have experience working with pediatric patients.
We compared the workload of these two provider types and
found no significant differences. Based on this observation, the
role rather than the person serving in the role may be a more
important determinant of workload. The bedside clinician has
the highest number of specific tasks and has the most direct
interaction with patients. They must observe, interpret, and re-
port their physical examination findings, a process that can be
cognitively demanding and may contribute to the amount of
workload experienced by the providers filling the bedside cli-
nician role, regardless of their level of experience.

Higher workload was associated with patients who were
triaged as the highest level of activation, were intubated, or
had an ISS greater than 15, all of which are indicators of in-
jury severity. Team members are likely to experience higher
workload when treating severely injured patients because de-
cisions may become time pressured and the outcomes of errors
potentially become more consequential. Workload may be
higher for ‘‘attending’’ events because these often require
more complex management and additional interventions. Like
many pediatric trauma centers, we have a low volume of high-
acuity patients compared with most adult trauma centers. It is
likely that a lower incidence of high-acuity patients will lead
to increased provider workload during higher level trauma
activations. Simulation training may help reduce workload

during these infrequent high-level activations because provi-
ders could practice critical care skills despite the low volume
of patients.23,24

Resuscitations without advanced notification were as-
sociated with higher workload. In cases without notification,
providers may arrive after the patient, resulting in insufficient
time to brief the team or to discuss the plan of care. Teams
also may not be able to prepare needed equipment or medi-
cations. Often, the team must proceed with the resuscitation
despite missing team members, which may require individuals
who are present to assume unfamiliar roles or undertake ad-
ditional tasks. Details about the patient and injury event often
need to be restated with the arrival of other team members,
increasing the likelihood of information loss and causing fur-
ther interruptions and delays in patient care. All of these factors
may cause provider workload to be higher during resuscitations
without notification.

Although the TLX has been used in the medical domain,
this study is the first to use it to assess workload during trauma
resuscitation. We found the TLX survey to be both a valid and
feasible tool for measuring workload during trauma resuscita-
tion. Our results support the validity of the TLX, with work-
load values being higher during resuscitations with more
severely injured patients, without previous notification, and
during those in which more clinical interventions are per-
formed. The TLX has several features that make it well-suited
for use in this setting including the convenient pen and paper
method of administration, short time required for completion,
and simple instructions. Because the TLX measures subjective
workload, it accounts for the interaction of the various factors
that impact workload, many of which are experienced during
trauma resuscitations, including provider perceptions of task
difficulty, concurrent tasks, and demands for multiple resour-
ces.25 Although there are objective and physiologic methods
for measuring workload, such as time-in-motion primary task
analysis, pedometers, galvanic skin response, and urine bio-
pyrrin levels, these methods may not account for the intangible
factors that are influential in the trauma domain.7,9,12 Another
advantage of the TLX is its design for retrospective reflection

TABLE 3. Factors Related to Provider Workload During Pediatric Trauma Resuscitation, n = 66 Events

Variable Workload*
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

Workload
p

,† Estimate (95% CI) p

Attending vs. stat activation 79.0 3.1 (0.7 to 5.5) 0.01

Without vs. with notification 38.9 1.6 (0.2 to 3.1) 0.03

ISS 915 vs. e15 40.6 1.7 (j0.8 to 4.1) 0.18

Weekend vs. weekday 3.0 0.1 (j1.3 to 1.5) 0.85

Night shift (7:00 pm to 7:00 AM)
vs. day shift (7:00 AM to 7:00 PM)

4.6 0.2 (j1.4 to 1.8) 0.81

Age group (reference = Q13 y), y 0Y1 46.2 1.9 (j0.3 to 4.1) 0.10

2Y6 40.0 1.7 (j0.2 to 3.5) 0.08

7Y12 37.9 1.6 (j0.2 to 3.3) 0.07

Role (reference = bedside clinician) Surgical coordinator j51.3 j2.1 (j3.3 to j0.8) 0.001

Charge nurse j77.3 j3.0 (j4.3 to j1.8) G0.001

Emergency medicine physician j43.6 j1.8 (j3.0 to j0.6) 0.005

*Absolute value workload, back-transformed from complete imputed data set.
†Based on imputed workload values for 47 missing workload surveys.
Mixed-effect multiple linear regression: F test = 5.41, p G 0.001.
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on workload. Participants were able to review their experience
during the duration of each event without interruptions or
distractions from their tasks.3,9

We also identified disadvantages of using the TLX in
this setting. The tool requires a member of the study staff to
be present to administer and collect surveys. It also often re-
quires study staff to intercept providers as they depart the
trauma bay to move on to other responsibilities. Although
these challenges were not prohibitive, they should be consid-
ered when choosing a tool to survey workload during trauma
resuscitation.

There are several limitations to this study. First, our
study sample only included events that occurred between
7:00 AM and 11:00 PM. Second, although we sought to collect
surveys from all four roles at each event, providers were
sometimes called from the trauma bay before the end of the
resuscitation or were occupied with patient care tasks and
were not available to fill out the survey forms. We addressed
the problem of missing data by imputing the missing work-
load values. Finally, our results may not be generalizable to
other pediatric or adult trauma centers owing to possible dif-
ferences in team structure, triage patterns, and types of in-
juries treated.

In summary, this study identifies factors associated with
individual subjective workload during pediatric trauma resus-
citation. Our results suggest that the TLX is a valid and feasible
tool for use in trauma resuscitation. We found that workload
differed by provider role and resuscitation characteristics. The
findings of this study will add to our current understanding of
team work, workflow, task completion, and best practices in
trauma resuscitation. Future studies should examine the work-
load of other roles on the trauma team and address the work-
load of the entire team, not just individual teammembers. Future
work will link provider workload with errors in care and patient
outcomes to examine how workload impacts performance. Ad-
ditional work should focus on the development of approaches
aimed at reducing, altering, or supporting provider workload
levels, as well as implementing strategies to improve team
building, task distribution, and team performance.
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