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Abstract
Purpose: This study aimed to assess the effect of monitoring 2 versus 3 collocated displays on radiation therapist technologists’ (RTTs)
workload (WL) and situation awareness (SA) during routine treatment delivery tasks.
Methods and Materials: Seven RTTs completed 4 simulated treatment delivery scenarios (2 scenarios per experimental condition; 2 vs
3 collocated displays) in a within-subject experiment. WL was subjectively measured using the National Aeronautics and Space
Administration (NASA) Task Load Index, and objectively measured using eye activity measures. SA was subjectively measured using
the SA rating technique, and objectively measured using the SA global assessment technique. Two-tailed paired t tests were conducted
to test for differences in means when parametric assumptions were satisfied, otherwise Wilcoxon signed-rank tests were conducted. A
.05 level of significance was applied to all statistical tests.
Results: No statistically and clinically significant differences were observed between monitoring 2 versus 3 monitors on eye tracking
measures (blink rate: 9.4 [4.8] vs 9.6 [4.0]; task evoked pupillary response: 0.16 [0.14] vs 0.21 [0.15]; NASA Task Load Index: 34.7
[19.8] vs 35.3 [20.4]; SA rating technique: 19.3 [6.2] vs 19.5 [7.0]; and SA global assessment technique scores: 100 [0] vs 100 [0]).
Conclusions: Our preliminary findings suggest that monitoring 3 collocated displays by 1 RTT does not impact WL and SA compared
with monitoring 2 collocated displays. Only 2 of many possible configurations were investigated. If institutions removed the 3rd display
based on the results of this study, there could be unforeseen error(s) if that display helped in situations not assessed in this study.
� 2020 Published by Elsevier Inc. on behalf of American Society for Radiation Oncology. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

Prior research suggests that the performance of health
care providers, including radiation oncology pro-
fessionals, often depends on their level of workload (WL)
and situation awareness (SA).1-5 Radiation therapy tech-
nologists (RTTs) are front-line professionals who have
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Figure 1 Radiation therapist technologist monitoring 3 collocated displays. The display dedicated to live-stream video of a patient
undergoing treatment is turned off in the 2-display configuration.
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the challenging task of monitoring the delivery of ionizing
radiation to patients, where WL and attention-related er-
rors can cause patient harm. RTTs need to attend to
multiple types of information concurrently (eg, setup,
imaging, patient information) that are usually displayed in
various ways, including across several computer displays.
For example, depending on vendors’ implementation,
RTTs are often set up to monitor patient information
organized on 2 or 3 displays. In some departments, 1 RTT
monitors 2 collocated displays (1 display for electronic
medical records [EMRs], and 1 display for treatment
delivery) with another RTT monitoring 1 display dedi-
cated to the live-stream video of the patient undergoing
treatment.

The tasks are particularly challenging at the start of a
patient’s course of therapy because the information is
relatively new and must be carefully overseen. However,
little is known regarding how many displays an RTT
should monitor during treatment delivery. Herein, we
assessed the impact of the number of information displays
on RTTs’ WL and SA during routine treatment delivery
tasks. Specifically, we compared RTTs’ WL and SA
while monitoring 2 versus 3 collocated displays. In
principle, increasing the number of collocated displays
could increase visual attention switches and WL, resulting
in decreased SA.6

Methods and materials

Study participants and setting

A convenience sample of 7 RTTs (3 men and 4
women; all with >3 years of experience), incentivized
with a $100 gift card, participated in this internal review
board-approved study, conducted in the Human Factors
Laboratory within the Department of Radiation Oncology
at the University of North Carolina at Chapel Hill.
Simulated assessments were performed using an emulator
and workstations that closely replicated RTTs’ typical
working environment, consisting of 2 versus 3 collocated
information display configurations (Fig 1). For the 2
displays, these included the EMR and treatment delivery
information (assuming that the 2nd RTT [actor in the
experiment; professional RTT] would monitor the 3rd
[not collocated] display with video feed of patient un-
dergoing treatment). For the 3 displays, these included the
EMR, treatment delivery information, and video of the
patient undergoing treatment. In this configuration, 1 RTT
would assume responsibility of monitoring all 3 displays.
Data collection

Each participant was given no time limit to complete 2
simulated scenarios in each display configuration. The
scenarios were chosen based on the common incident
themes observed in our department’s incident learning
database. The scenarios were randomized between the 2
configurations to minimize the effect of (any) task diffi-
culty, although per design there were no differences in
difficulty between the simulated scenarios.

Quantification of workload
The National Aeronautics and Space Administration

Task Load Index (NASA-TLX),7 a widely used subjec-
tive WL measure in radiation oncology research,1-3,5 was
used to quantify participants’ perceived WL. Participants
completed the NASA-TLX questionnaire at the end of
each scenario. Each participant’s rating of each of the 6
NASA-TLX dimensions (mental demand, physical de-
mand, temporal demand, frustration, effort, and perfor-
mance) was combined with the weight given to that
dimension by that participant to obtain the participant’s
composite WL score for each scenario. Blink rate and
task-evoked pupillary response, which are 2 widely vali-
dated eye activity measures,2,8 were used to quantify
participants’ physiological WL. Eye tracking glasses by



Table 1 Results of subjective and objective workload measures

Workload measures Configuration Statistical test P value Effect size 95% CI

2-display 3-display

Subjective workload
Global NASA Task Load

Index
34.79 (19.85) 35.33 (20.44) Wilcoxon signed-rank test .84 0.10* 0.41-0.43

Mental demand 48.21 (25.91) 51.07 (28.77) Two-tailed paired t test .14 0.10* e0.65 to 0.85
Physical demand 18.57 (17.59) 22.50 (17.73) Wilcoxon signed-rank test .29 0.16y e0.27 to 0.54
Temporal demand 23.21 (19.96) 23.57 (18.75) Wilcoxon signed-rank test .47 0.03* e0.36 to 0.42
Performance 32.86 (30.17) 37.86 (32.62) Wilcoxon signed-rank test .61 0.06* e0.36 to 0.46
Effort 34.64 (24.37) 39.29 (26.01) Wilcoxon signed-rank test .15 0.11* e0.32 to 0.51
Frustration 38.93 (31.51) 37.86 (33.09) Wilcoxon signed-rank test .48 e0.01* e0.42 to 0.41

Objective workload
Blink rate 9.44 (4.83) 9.67 (4.00) Two-tailed paired t test .44 0.06* e0.38 to 0.47
Task-evoked pupillary

response
0.16 (0.14) 0.21 (0.15) Wilcoxon signed-rank test .94 0.26y e0.18 to 0.61

Abbreviations: CI Z confidence interval; NASA Z National Aeronautics and Space Administration.
* Negligible.
y Small.
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Natural Gaze (Sensomotor Inc, Munich, Germany), worn
by participants while they engaged with the displays,
were used to record eye activity data.

Quantification of situation awareness
The SA rating technique (SART),9 a widely used

subjective technique,9-11 was used to quantify partici-
pants’ perceived SA. The SART questionnaire, adminis-
tered after the trial, uses 3 dimensions: Attentional
demand, attentional supply, and understanding to measure
participants’ SA. Participants rated each dimension on a
7-point rating scale (1 Z low; 7 Z high). For each
participant and scenario, a composite SART score was
computed using the following formula: SART Z U e (D
e S ), where U summed the understanding representing
familiarity and quality/quantity of the information being
processed, D summed the attentional demand representing
instability, variability, and complexity of the situation,
and S summed the attentional supply representing
perceived readiness for the activity, spare mental capacity,
good concentration, and proper division of attention. The
SA global assessment technique (SAGAT),12 validated in
many domains including health care,13-15 was used to
objectively quantify participants’ SA. During each simu-
lated scenario, participants were asked a number of SA-
related questions, with at least 2 questions related to
each of the displays (eg, Who are we treating? Does the
patient have bolus? What field are you on right now?
What side of the patient is the gantry on?), and were given
up to 10 seconds to respond to each question. Correct
versus incorrect responses were coded as 1 and 0,
respectively, and then averaged to form a composite
score. The 2nd RTT did not answer any SAGAT-related
questions during the scenarios.
Statistical analysis

A Shapiro-Wilk test was used to test for normality.
Two-tailed paired t tests were conducted when normality
assumptions were satisfied, otherwise Wilcoxon signed-
rank tests were conducted. A .05 level of significance
was applied to all statistical tests. The analyses were
performed using R software, version 3.6.2.16

Results

Workload (NASA-TLX, blink rate, task-evoked
pupillary response)

There were no statistically and clinically significant
differences in NASA-TLX while indicating higher scores
for the 3 versus 2 display configuration, except for the
frustration subdimension of the NASA-TLX (Table 1).

Situation awareness (SART and SAGAT)

There were no statistically and clinically significant
differences on the outcome measures while indicating
higher scores for the 3 versus 2 display configuration,
except for the attentional demand subdimension of SART
(Table 2).

Discussion

To our knowledge, no prior study has investigated the
effects of 2 versus 3 collocated displays on RTTs’ WL
and SA. The results suggest that the addition of the 3rd



Table 2 Results of subjective and objective SA measures

Configuration Statistical test `P
value

Effect
size

95% Confidence
interval2-display 3-display

Subjective SA
Composite SA rating
technique

19.36 (6.20) 19.50 (7.04) Two-tailed paired t test .94 0.02* e0.73 to 0.78

Attentional demand 3.10 (1.28) 2.76 (1.17) Wilcoxon signed-rank
test

.09 e0.16y e0.53 to 0.25

Attentional supply 4.12 (0.78) 4.23 (0.92) Wilcoxon signed-rank
test

.86 0.06* e0.36 to 0.47

Understanding 6.07 (1.37) 6.36 (0.93) Wilcoxon signed-rank
test

.97 0.05y e0.34 to 0.43

Objective SA
SA global assessment
technique

100.00 (0.00) 100.00
(0.00)

Abbreviation: SA Z situation awareness.
* Negligible.
y Small.
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collocated display monitor appeared to have no significant
impact on RTTs’ WL or SA during treatment delivery.
Although measures associated with 3 displays were
higher compared with 2 displays, the differences were
negligible and thus neither statistically significant nor
clinically relevant.

Specifically, in both experimental conditions, the
global and individual dimensions of the NASA-TLX in-
strument indicated acceptable levels of WL (global
NASA-TLX z35), and scores >55 have been associated
with high perceived WL and degradation in performance
across many domains, including radiation therapy.1,17

This finding was further confirmed by both objective
WL measures (eg, blink rate: z9 blinks/minute, sug-
gesting a WL level comparable with a routine reading
task18; task-evoked pupillary response: average increase
of 0.16-0.21 mm, suggesting a WL level comparable with
engagement of 2-3 chunks of information19, which is
below the 7 � 2 chunks of information that most in-
dividuals can hold and recall in their working memory
without degradation of performance).20

Similarly to WL, in both experimental conditions the
composite (U e [D e S] z19) and individual dimensions
of the SART instrument suggested reasonable levels of
SA (eg, average understanding of the situation: z6 of 7
[7 Z optimal score]; average attentional demand: z3 of
7 [1 Z optimal score]; and average attentional supply:
z4 of 7 [7 Z optimal score]). This finding was further
confirmed by the objective measure of SA (SAGAT),
indicating that RTTs were able to correctly answer all SA-
related questions.

This study has several limitations (eg, 7 RTTs from 2
academic institution; all with >3 years of experience),
which does not allow for us to generalize our findings
across all RTTs and institutions. Specifically, we inves-
tigated only 2 of many possible configurations while
recognizing that patient monitoring may consist of digital
camera data from �1 angles, motion management in-
terfaces, and possibly real-time surface or radiographic
imaging. All these components may be organized on a
number of displays, as several windows on the same
display, or partially integrated with the treatment console,
depending on different vendors' implementation. Thus,
future research with a larger sample size of RTTs from
different institutions and with varying levels of experience
and multiple configurations is warranted. Our results
could be biased by the standard configuration used in our
institution, which includes 3 displays, with 1 RTT
monitoring 2 collocated displays (1 display for EMR and
1 display for treatment delivery), and another RTT
monitoring the live video of the patient undergoing
treatment.
Conclusions

Nonetheless, these are noteworthy finding suggesting
that monitoring 3 collocated displays by 1 RTT does not
affect the WL and SA compared with monitoring 2
collocated displays.
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