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OCCUPATIONAL APPLICATIONS
Complex and dynamic environments including military operations, healthcare, aviation, and
driving require operators to transition seamlessly between levels of mental workload.
However, little is known about how the rate of an increase in workload impacts multitasking
performance, especially in the context of real-world tasks. We evaluated both gradual and
sudden workload increases in the dynamic multitasking environment of an Unmanned
Aerial Vehicle (UAV) command and control testbed and compared them to constant work-
load. Workload transitions were found to improve response time and accuracy compared to
when workload was held constant at low or high. These results suggest that workload tran-
sitions may allow operators to better regulate mental resources. These findings can also
inform the design of operations and technology to assist operators’ management of cogni-
tive resources, which include negating the adverse effects of vigilance decrements during
low workload periods and data overload during high workload periods.

TECHNICAL ABSTRACT
Background: High workload and workload transitions can affect performance; however, it is
not clear how the rate of transition from low to high workload influences performance in a
multitasking setting.
Purpose: We investigated the effect of workload transition rate on performance in a multi-
tasking environment that is akin to the expectations of operators in complex, data-rich
work domains.
Method: An Unmanned Aerial Vehicle (UAV) command and control testbed was used to
vary workload between low, high, gradually transitioning from low to high, and suddenly
transitioning from low to high. Performance measures consisted of the response time and
accuracy of one primary task and three secondary tasks. Analyses compared: (a) perform-
ance differences between gradual and sudden increases in workload; (b) performance dur-
ing the low workload phases of the workload transitions; and (c) performance during the
high workload phases of the workload transitions.
Results: Overall, there were limited performance differences between gradual and sudden
workload transitions. However, both types of transitions led to better performance than con-
stant workload, lending some support for the effort regulation explanation which suggests
that participants actively evaluated the amount of mental resources necessary to success-
fully complete a task after a workload transition.
Conclusions: Gradual and sudden workload transitions benefit primary and secondary task
performance, suggesting that the applicability of existing theoretical explanations depend
on the context. For example, varying task demands can be a means to assist operators in
the appropriate regulation of mental resources in domains with interdependent tasks. These
findings can inform occupation and technology design to support task management.
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1. Introduction

Complex and dynamic environments – such as health-
care (Amin, 2011), driving (Morgan & Hancock,
2011), air traffic control (Edwards et al., 2012), and

emergency response (Parush & Rustanjaja, 2013) –
require operators to transition seamlessly between
varying levels of workload. Workload transitions refer
to a continuous period during which workload levels
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change (Prytz & Scerbo, 2015). To date, most research
has focused on the effects of low or high workload;
however, transitions from low to high workload are
more realistic and similar to what operators experience
while on the job (Hooey et al., 2017; Huey & Wickens,
1993). For example, when the Apollo 12 spacecraft was
struck by lightning, “all the [alarm] lights came on” the
telemetry stream (Murray & Cox, 1989, pg 374), and
there was a sudden, significant increase in workload. In
the present study, we investigated the effects of gradual
and sudden transitions from low to high workload in a
multitasking environment, to better understand the
effect of such transitions on performance in complex
and dynamic domains.

Workload is a multi-dimensional construct for
which there are several definitions in the literature
(Van Acker et al., 2018). Wickens (1992) defined
workload as the gap between the attentional resources
of and mental demands placed on the user. Existing
evidence has shown that workload at either extreme
(i.e., low or high) can be problematic. For example,
very low workload can lead to vigilance decrements,
while very high workload can lead to fatigue, frustra-
tion, errors, and delays (Grier et al., 2003; Helton &
Russell, 2012; Warm et al., 2008). In contrast, there is
no consensus on the associated performance effects
for workload transitions. When compared to constant
workload levels, previous researchers have found that
workload transitions can result in either performance
costs (Bowers et al., 2014; Cox-Fuenzalida, 2007;
Cumming & Croft, 1973; Goldberg & Stewart, 1980),
improvements (Cox-Fuenzalida, 2007; Cumming &
Croft, 1973; Goldberg & Stewart, 1980; Kim et al.,
2019; Matthews, 1986; Prytz & Scerbo, 2015), or no
differences (Bowers et al., 2014; Helton et al., 2008;
Matthews, 1986; Voorheis et al., 2005). Given that the
impact of workload transitions may be dynamic, fur-
ther examination of transition effects on performance
is needed (Cox-Fuenzalida, 2007; Jansen et al., 2016).
For example, little is known on how the rate of a work-
load transition impacts multitasking performance. To
our knowledge, only one study to date has compared
gradual and sudden shifts from low to high workload,
and found that gradual shifts led to a lower percentage
of correct detections (Moroney et al., 1995). More work
is needed to further understand these performance
trends, especially for domains requiring multitasking.

In addition, comparisons of performance between
workload transitions and constant workload can shed
further light on the effects of workload transitions and
prior theoretical explanations. Previous work has
shown decrements in accuracy during the low and high

phases of workload transitions, compared to when
workload is held constant at low and high levels,
respectively (Cox-Fuenzalida, 2007; Cox-Fuenzalida
et al., 2006; Cox-Fuenzalida & Angie, 2005). Other
studies have found this decrement is only apparent for
constant low workload, but not constant high work-
load, (Matthews, 1986; Prytz & Scerbo, 2015). A separ-
ate body of research has shown no significant
performance differences during the low and high
phases of a workload transition compared to when
workload is held constant at low and high (Helton
et al., 2008; Moroney et al., 1993; 1995).

Several theoretical explanations have been pre-
sented to explain the findings associated with work-
load transitions in single-task environments, including
expectancy effects (Cumming & Croft, 1973); strategic
persistence (Matthews, 1986); and adaptation models
(Cox-Fuenzalida, 2007). However, there exists no sin-
gle explanation that can account for all findings. Cox-
Fuenzalida (2007) found that models based on the
adaptation process, such as state control theory
(Hockey, 1986) and the dynamic model of stress adap-
tation (Hancock & Warm, 1989), were the most suc-
cessful in explaining performance findings across
studies. Two explanations have been primarily used to
explain performance when transitioning between a
dual- and single-task paradigm:

1. Resource depletion – after a transition, there will
be a shortage of mental resources during the
second phase of workload (i.e., the single task)
and performance will suffer. However, resources
will eventually recuperate during the second
phase, due to the compensatory regeneration
component, and performance will eventually
rebound (Gluckman et al., 1993). In other words,
there will be a decrement in performance imme-
diately after a shift, but eventually resources will
recuperate, and performance will improve.

2. Effort regulation – after a transition, people will
need to actively evaluate the amount of mental
resources necessary to perform successfully in the
second workload phase. In other words, people
can perform successfully as long as their appraisal
is correct and workload does not reach levels of
overload (Hockey, 1997).

Previous studies support either resource depletion
(Cox-Fuenzalida & Angie, 2005; Gluckman et al.,
1993; Moroney et al., 1995), effort regulation (Cox-
Fuenzalida, 2007; Jansen et al., 2016; Matthews &
Desmond, 2002), or both (Ungar et al., 2005). Ungar
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et al. (2005) investigated the validity of these explana-
tions by comparing performance between dual- to sin-
gle-task transition conditions and found that the
validity of each explanation was dependent on pri-
mary task difficulty (i.e., the task in both the dual-
and single-task paradigm). For example, resource
depletion was supported with a more difficult primary
task, as primary task performance was worse com-
pared to its single-task baseline condition. However,
effort regulation was supported with an easier primary
task, as primary task performance was superior com-
pared to the baseline.

Our study aimed to address some of the knowledge
gaps in workload transition research. Understanding
the effect of workload transitions is critical because
operators in most complex environments – including
military operations, aviation, healthcare, and driving –
rarely experience constant levels of workload (Huey &
Wickens, 1993). For example, military unmanned aer-
ial vehicle (UAV) command and control operations
may require operators to multitask during workload
transitions, especially when managing multiple UAVs
(Cummings et al., 2007; Winnefeld & Kendall, 2013).

There is a need to study factors that have been
underexamined historically in the workload transition
literature in the context of real-world domains. For
example, there is a need to examine the effects of
workload transitions relevant to complex and dynamic
work environments (Cox-Fuenzalida & Angie, 2005;
Huey & Wickens, 1993). The workload transition lit-
erature to date has examined multitasking in either
highly-controlled laboratory settings (Cox-Fuenzalida
& Angie, 2005), realistic testbeds (Jansen et al., 2016;
Morgan & Hancock, 2011), or thoroughly validated
multitasking environments (e.g., Air Force Multi-
Attribute Task Battery; Bowers et al., 2014). Further
exploration with different multitasking environments,
especially as it relates to primary and secondary task
performance (Cox-Fuenzalida & Angie, 2005; Jansen
et al., 2016; Morgan & Hancock, 2011), is also of
interest in this study. For example, operators in these
environments are expected to continuously manage
various interdependent tasks and responsibilities that
fluctuate in their demand for operator attention.
Depending on the situation, tasks that may be second-
ary to the mission may be critical to the overall viabil-
ity of the UAV, so capturing this nuance in task
prioritization is important (Clare et al., 2010).
Previous researchers have suggested that findings
from single-task studies may not hold true in dual-task
or multitasking environments (Gluckman et al., 1993),
so these environments warrant their own investigation.

Understanding the effects of secondary tasks is import-
ant to expand the current workload transition litera-
ture, and from a systems safety standpoint given work
environments are becoming increasingly complex.

Also, there is a need to understand other underexa-
mined factors that may affect performance for both
the workload transition literature and real-world occu-
pational applications. For example, the number of
workload transitions experienced by an operator, and
the rate of workload transitions in these specific kinds
of multitasking environments, are relevant to the
domain, but have not been thoroughly explored. The
majority of existing research has employed one or two
workload transitions in a single-task environment (an
exception is the work by Morgan & Hancock, 2011);
however, findings from one or two workload transi-
tions may not be representative of the multiple transi-
tions operators may experience while on the job.
Further, the rate of transition has been underexplored.
Most research has focused on sudden transitions (i.e.,
immediate shifts between low and high workload),
whereas there has been less reported on gradual tran-
sition (Matthews, 1986; Moroney et al., 1995).

There is also a need to understand the applicability
and validity of the resource depletion and effort regu-
lation explanations in multitasking domains that are
not just transitioning between dual- and single-task
paradigms (Cox-Fuenzalida, 2007). Existing evidence
supports both explanations (Ungar et al., 2005), but
most investigations have been limited to studying a
dual- to single-task transition. There has been limited
work that explores the applicability of these explana-
tions in other types of multitasking environments
(Bowers et al., 2014; Cox-Fuenzalida, 2007; Gluckman
et al., 1993; Jansen et al., 2016).

Our aim in the current study was to address two
main research gaps: the first as it pertains to occupa-
tional applications, and the second as it pertains to
theoretical explanations. From these gaps, three spe-
cific research questions (RQ) emerged:

RQ I. How does performance compare between gradual
versus sudden transitions from low to high workload?
We expected that when workload transitions from
low to high, sudden transitions will result in better
primary and secondary task performance compared to
gradual transitions (Moroney et al., 1995).

RQ II. How does performance compare between the
low workload phases of the gradual and sudden
workload transitions and constantly low workload?
Previous work has shown that both primary and
secondary task performance were better when
workload was constantly low (Bowers et al., 2014;
Cox-Fuenzalida, 2007; Cox-Fuenzalida & Angie, 2005;
Matthews, 1986; Ungar et al., 2005; Wickens et al.,
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1985). Additionally, the resource depletion
explanation predicts that both primary and secondary
task performance will be better when workload is
constantly low, compared to the low workload phases
of gradual and sudden workload transitions, because
resources will have not been depleted from any
transitions during constant low workload.

RQ III. How does performance compare between the
high workload phases of gradual and sudden workload
transitions and constantly high workload? We
expected that performance will be worse for both
primary and secondary tasks when workload is
constantly high (Bowers et al., 2014; Cox-Fuenzalida
& Angie, 2005; Matthews, 1986; Prytz & Scerbo, 2015;
Wickens et al., 1985). The effort regulation
explanation predicts that primary task performance
will be better during the high workload phases of the
gradual and sudden workload transition than
constant high workload, because the workload
transitions will signal for the adjustment of resources
accordingly.

Table 1 summarizes how each research question
expands on each theoretical explanation. Of note, RQ
I is not included because it does not provide further
insights into the theoretical explanations.

The application of the current research includes
informing the design of safer and more effective sys-
tems in complex and dynamic domains. The domain
selected for this study was unmanned aerial vehicle
(UAV) command and control. Previous research in
this domain has examined the effects of workload in
general, but there has been limited work investigating
the effects of workload transitions (Cummings et al.,
2007; Gateau et al., 2016; Jasper et al., 2016).
Workload transitions are of importance given the goal

of the U.S. Department of Defense to have a single
operator handling all mission, flight, and sensor man-
agement tasks for multiple UAVs (Winnefeld &
Kendall, 2013). This goal presents a major challenge
due to: (1) the limited mental resources of human
operators, and (2) the unpredictability of UAV mis-
sions, largely due to workload shifts caused by moni-
toring various sources of data (Cummings et al., 2019;
Sibley et al., 2015).

2. Method

2.1. Participants

This study used the same methodology and experimental
testbed from Moacdieh et al. (2020), but focused on the
performance results. Twenty-one students participated in
this study [13 males and 8 females; mean (SD) age ¼
20.9 (1.5) years]. Participants self-reported normal
or corrected-to-normal vision and were compensated
$10/hour. The study was approved by the Clemson
University Institutional Review Board (IRB2015-217)
and all participants provided informed consent.

2.2. Experimental Setup

The testbed was developed using the Unity game
development platform and was based on the ‘Vigilant
Spirit Control Station’ (VSCS) used by the Air Force
to develop interfaces to control multiple UAVs
(Feitshans et al., 2008). The VSCS platform has been
used to test how interface design could aid UAV
operators. Tasks in the testbed were typical of an

Table 1. Summary of the research questions and expectations based on the theoretical explanations.
Research Question (RQ) Resource Depletion Explanation Effort Regulation Explanation

RQ II: Low workload (L) vs. low
workload phases of gradual and
sudden workload transitions
(G and S, respectively)

If L outperforms S or G:
� Resources depletion IS a function of workload

transitions. Workload transitions deplete more
mental resources than constant low workload
(Bowers et al., 2014; Cox-Fuenzalida, 2007; Cox-
Fuenzalida & Angie, 2005; Matthews, 1986; Ungar
et al., 2005).

n/a

If S or G is equal to or outperforms L:
� Resources depletion IS NOT a function of workload

transitions. Workload transitions do not deplete
mental resources differently than low workload
(Matthews, 1986).

RQ III: High workload (H) vs. high
workload phases of gradual and
sudden workload transitions
(G and S, respectively)

n/a If H is equal to or outperforms S or G
� Effort regulation IS NOT a function of workload

transitions. Workload transitions do not impact the
effective regulation of mental resources (Gluckman
et al., 1993).

If S or G outperforms H
� Effort regulation IS a function of workload

transition. Workload transitions can help actively
regulate mental resources under high workload
(Hockey 1997; Matthews, 1986; Matthews &
Desmond, 2002).
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UAV command and control environment, such as tar-
get detection and route planning (Feitshans et al., 2008),
which require operators to employ perceptual, cognitive,
and motor resources. The testbed ran on a desktop com-
puter with an 81 cm monitor (2560� 1440 resolution)
and a standard mouse.

2.3. UAV Command and Control Testbed
and Tasks

Participants were responsible for controlling and man-
aging UAVs under four 15-minute scenarios in the
UAV testbed (see Figure 1). There were four tasks in
each scenario, one primary task and three secondary
tasks, and each will be discussed in turn. For each
scenario, the rate at which the primary task occurred
varied (see section 2.5), while one of the three second-
ary tasks occurred every 20 s, on average, in a pseudo-
random order.

2.3.1. Target Detection Task (Primary Task)
Participants were instructed that this task had the
highest priority. They were tasked to monitor up to
16 UAV video feeds on the Video Feed panel for a
target, presented as a semi-transparent cube (see
Figure 2). Targets could only be detected when a
UAV video feed was active (highlighted). When a
UAV video feed was active and a target was present,
participants were instructed to press the “target”

button. Otherwise, they were instructed to leave the
default “no target” button selected. The “no target”
button was the default, as pilot testing suggested this
was necessary in order to assess the participant’s
search abilities and not their ability to click quickly.
UAV video feeds were active for 10 s, and targets
could appear during this time. Video feeds cycled
between active and inactive throughout the scenario.
If a target was present in an active UAV, but the par-
ticipant did not select the target button within the
10 s, the participant missed the opportunity to detect
that specific target. On average, 20% of active UAVs
detected a target. The number of simultaneously active
UAVs determined the workload level (see section 2.5).

2.3.2. Reroute Task (Secondary Task #1)
Participants were tasked to reroute a UAV when it
was projected to enter a no-fly-zone (i.e., red square
on the Map panel in Figure 3). If a UAV was pro-
jected to enter the no-fly-zone, its route and label
would turn orange and participants had 15–20 s to
reroute the UAV. To reroute a UAV, a participant
clicked on the respective UAV’s numbered square in
the Reroute Menu panel and chose from one of three
new routes. For each new route, participants could
select “Preview” to see it, “Confirm” to reroute the
UAV to the specific new route, or “Cancel” to exit
from the window. There was no limit to how many
times a UAV could be rerouted. If a UAV was not

Figure 1. Screenshot of the UAV testbed with panels labeled.
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rerouted to avoid the no-fly-zone, it became non-
operational for the remainder of the scenario. The
rerouting task occurred 18 times in each scenario.

2.3.3. Fuel Leak Task (Secondary Task #2)
Participants were also tasked to monitor for fuel leaks
using the General Health panel (Figure 4). When a
fuel leak occurred, the color of the health status bar
(top bar denoted with a heart) changed from green to
yellow with a “FIX LEAK” warning. Participants then

had 10 s to click on the bar; otherwise, it would
change from yellow to orange and read “FATAL
FUEL LEAK” for that specific UAV. A fuel leak
occurred 14 times in each scenario.

2.3.4. Chat Message Task (Secondary Task #3)
Participants were tasked with responding to chat
messages by selecting between the two options on
the left-hand side of the chat message panel (Figure
1). Responding to chat messages consisted of

Figure 2. Screenshots of the Video Feed panel where any of the 16 video feeds could be active (i.e., video feed is highlighted).
(a) UAVs 9 and 14 are active (numbering from left to right, top to bottom); all other UAVs are inactive; UAV 9 has a target (semi-
transparent cube). (b) All 16 UAVs are active, but none of them are detecting a target.
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selecting from one of two options (e.g., selecting ‘yes’
or ‘no’ to yes/no questions). Participants could
respond to a chat message until another message

appeared and were instructed to accurately answer as
many questions as possible. There were 19 chat mes-
sages in each scenario.

Figure 3. Screenshot of the Map panel (top half) and Reroute Menu panel (bottom half). After clicking on the respective UAV
number (buttons numbered 1–16), a menu of route options was presented (dotted area with options 1–3 where “Preview,”
“Confirm,” or “Cancel” could be selected).
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2.4. Point System and Dependent Measures

Table 2 shows the point system implemented to
encourage participants to prioritize the primary task
and avoid task shedding. This point system reinforced
the need to prioritize searching for targets in the
Video Feed panel, as successfully detecting a target
earned the most points. Losing a UAV in the no-fly-
zone not only resulted in an immediate loss of points,
but also the loss of the opportunity to gain points
from that UAV’s target detection task. Whenever the
UAV became inoperable, the corresponding UAV
video feed became inactive for the remainder for the
scenario. The highest scoring participant also earned a
bonus $10 gift card.

Response time for the primary target detection
task was calculated from the appearance of the target
to when participants clicked the “Target” button. For
all secondary tasks, response times were calculated
from the onset of the event to when the participant
responded. Accuracy was calculated as the percentage
of correct responses within the time limit for
each task.

2.5. Workload Scenarios

Workload was manipulated by varying the number of
active UAVs (i.e., highlighted video feeds) in the tar-
get detection task. This approach is consistent with
previous studies, where workload was manipulated by

directly manipulating the task load of the operator
(e.g., Hancock, Williams, Manning, & Miyake, 1995).
Additionally, this approach was considered appropri-
ate given that the long-term goal of UAV command
and control is to increase the load per operator
(Winnefeld & Kendall, 2013). The four workload
scenarios used in this study are as follows:

1. Low workload scenario. There were 3–5 UAVs
active for the entirety of the scenario.

2. High workload scenario. There were 13–16 UAVs
active for the entirety of the scenario.

3. Gradual transition scenario. The number of active
UAVs increased gradually. The scenario started at
low workload for 20 s, and then one to three
active UAVs were added every 10 s until high
workload was reached (13–16 active UAVs). The
scenario would remain at high workload for two
minutes, before immediately returning to low
workload. This cycle repeated five times for this
scenario. The solid black line in Figure 5 depicts
the theoretical number of active UAVs over the
course of the gradual transition scenario.

4. Sudden transition scenario. The number of active
UAVs increased instantaneously. One minute of
low workload (3–5 UAVs) was followed by an
instantaneous increase to high workload (13–16
UAVs) that lasted for two minutes. After the two
minutes of high workload, there was an immedi-
ate return to low workload. This cycle repeated
five times for this scenario. The dotted gray line
in Figure 5 depicts the theoretical number of
active UAVs over the course of the sudden transi-
tion scenario.

Workload level thresholds (i.e., low and high)
were based on pilot testing data using both per-
formance and NASA-TLX measures (Hart &
Staveland, 1988). Mean target detection task

Figure 4. Screenshot of the health status bar for UAV #1. Participants were tasked to press the health status bar when a fuel leak
occurred. (a) When a fuel leak was fixed in time, the health status bar changed from yellow to green and the “FIX LEAK” warning
disappeared. (b) When a fuel leak was not fixed in time, the health status bar changed to an orange “FATAL FUEL LEAK”.

Table 2. Point system for the UAV command and control testbed.

Task
Points per
Response

Correctly recognizing a target þ100
Correctly recognizing a non-target þ50
All secondary tasks (reroute, fuel leak, and chat message) þ30
Any incorrect or lack of response (false positive or

negative to target detection task, UAV flies through
no-fly-zone, or “FATAL FUEL LEAK” condition)

�100
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(primary task) accuracy was approximately 30%
higher in low workload compared to high workload.
NASA-TLX dimensions of interest included mental
demand, temporal demand, and performance.
Significant differences between low and high work-
load were found for all dimensions (p<.05; analysis
was done with a Friedman test and pairwise com-
parisons were performed using Mann-Whitney
tests). A range of UAVs was used for the low and
high workload thresholds because it was possible for
the participant to lose a UAV by not rerouting it in
time. As such, the range of UAVs allowed the
requisite workload level throughout the scenario to
be maintained. There was never a situation where
the intended workload was not reached due to the
loss of UAVs. Of note, the gradual and sudden tran-
sition scenarios only included transitions from low
to high workload, as this transition direction is
emblematic of situations likely to occur in data-rich,
dynamic domains (e.g., Apollo 12, Murray & Cox,
1989) and was therefore the focus of our work.
Also, the high workload periods within the gradual
and sudden transition scenarios were longer than
the low workload periods as extended periods of
high workload is another challenge of data-rich,
dynamic domains (e.g., UAVs command and con-
trol; Arrabito et al., 2010; Williams, 2006 ). In order
to have the gradual and sudden transition scenarios
include the same number of transitions from low to
high workload, the time spent in low workload var-
ied slightly between the two scenarios. Although
this presents a limitation of this work, the subse-
quent analyses and discussion are unaffected, since
our overarching goal was to examine how the rate
of workload transitions affects performance during
the low and high workload periods.

2.6. Procedures

The experiment took place over two consecutive days
at approximately the same time of day. On the first
day, participants gave consent and were briefed about
the study goals and expectations. Participants then
completed a five-minute training session where 4–6
UAVs were always active. By the end of the training
session, participants had to demonstrate proficiency
by having a minimum accuracy of 70% across all
tasks. If not, they could ask questions and reattempt
the training session; otherwise, they were excused
from the study. Only four participants completed the
training session twice and each succeeded on their
second attempt. Participants then completed the two
constant workload scenarios (low and high workload
scenarios) in a randomized order (i.e., 10 participants
completed the low workload then high workload scen-
ario and vice versa for the other 11 participants). This
approach allowed for the constant workload scenarios
to serve as baseline comparisons. On the second day,
participants completed the two transition scenarios
(gradual and sudden transition scenarios) in a
randomized order (i.e., 11 participants completed the
gradual then sudden transition scenario and vice versa
for the other 10). The study lasted about 2.5 h over
two days, with the first day lasting 1.5 h and the
second day lasting 1 h.

2.7. Analysis

Three analyses were performed to address each
research question. A sub-goal of all three research
questions was to compare primary and secondary task
performance. For all analyses, response time and
accuracy of the primary task (target detection) was
compared to the aggregated response time and

Figure 5. The theoretical number of active UAVs throughout the gradual and sudden transition scenarios. The horizontal axis
denotes workload phase (e.g., 1st low, 1st high, etc.).
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accuracy of all the secondary tasks (reroute, fuel leak,
and chat message). Analysis for RQ I compared per-
formance between the different workload transition
scenarios (i.e., gradual and sudden transition scen-
arios). Specifically, response time and accuracy were
analyzed using separate 2� 2 repeated-measures anal-
yses of variance (ANOVA: two transition scenarios,
two task types). Analysis for RQ II compared per-
formance in the low workload scenario to the low
workload phases of the gradual (the five 20 s phases
aggregated) and sudden (the five 60 s phases aggre-
gated) workload scenarios. Analyses for RQ III com-
pared the high workload scenario to the high
workload phases of the gradual and sudden transition
scenario (the five 120 s phases aggregated, respect-
ively). Response time and accuracy for RQ II and III
were analyzed using separate 3� 2 repeated-measures
ANOVAs (three scenarios, two task types). Bonferroni
corrected, Fisher’s protected LSD post-hoc tests were
performed to test differences between means.
Significance was set at a¼.05. Before completing the
analyses associated with each research question,
2� 2� 2 (two order types, two transition scenarios,
and two task types) ANOVAs were completed to assess
whether the scenario order affected primary and sec-
ondary task performance. There were no significant
main effects of order (p>.05), so analyses for RQ I, II,
and III proceeded.

Violations of normality were assessed prior to ana-
lysis, and Greenhouse-Geisser corrections were used
when sphericity was violated (using Mauchly’s test).
SPSS 24 was used for all analyses. Partial eta-squared
(gp

2) is reported as a measure of effect size for the
omnibus test, and values of .01, .06, and .14 are inter-
preted as small, medium, and large effect sizes, respect-
ively (Cohen, 1988). For all post-hoc pairwise
comparisons, effect sizes were measured using Cohen’s

d for repeated measures (Lakens, 2013), and values of
.2, .5, and .8 are interpreted as small, medium, and large
effect sizes (Cohen, 1988). For all graphs, error bars
indicate the standard error of the mean, curly brackets
indicate groupings of scenarios, straight brackets indi-
cate a specific comparison of scenarios, and asterisks
denote significant differences between scenarios.

3. Results

3.1. RQ I: Gradual vs. sudden Workload
Transitions

3.1.1. Response Time
When comparing gradual to sudden transitions, there
was no main effect of transition type (F(1,20)¼ 1.497,
p¼.235, gp

2 ¼.070), but there was a main effect of task
type (F(1,20)¼110.400, p<.001, gp

2¼.847). The mean
response time for the primary task (M¼ 2.85 s,
SE¼.026 s) was significantly faster than the secondary
tasks (M¼ 3.87 s, SE ¼.098 s; p<.001, d¼ 2.908).
There was no transition scenario� task type inter-
action effect (F(1,20)¼1.581, p¼.223, gp

2 ¼.073).

3.1.2. Accuracy
There was no main effect of scenario (F(1,20)¼1.552,
p¼.227, gp

2¼.220), but there was a significant main
effect of task type (F(1,20)¼579.583, p<.001,
gp
2¼.967). There was a significant scenario� task type

interaction effect (F(1,20)¼6.056, p¼.023, gp
2¼.232).

For the primary task, the gradual transition scenario
had significantly worse accuracy than the sudden tran-
sition scenario (p¼.048, d¼.421), but this was not
true for the secondary task (Figure 6).

Figure 6. Mean accuracy for both task types for the gradual and sudden transition scenario. Asterisks (�) denote significant differ-
ences between scenarios.
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3.2. RQ II: Performance during Low
Workload Phases

3.2.1. Response Time
There was a significant effect of scenario (F(2,40)¼20.968,
p<.001, gp

2¼.512) and task type (F(1,20)¼155.535,
p<.001, gp

2¼.886), as well as a significant scenario� task
type interaction (F(2,40)¼32.238, p<.001, gp

2¼.617). For
the primary task, response time for the low workload
phases in the gradual transition scenario was significantly
slower than the low workload scenario (p<.009, d¼.844)
and the low workload phases in the sudden scenario
(p<.002, d¼.917), whereas the latter two did not differ
from each other. For the secondary tasks, response time
was significantly slower for the low workload scenario
than for the low workload phases in the gradual (p<.001,
d¼ 1.445) and sudden transition scenario (p<.001,
d¼ 1.509) as seen in Figure 7.

3.2.2. Accuracy
There was a significant effect of scenario
(F(1.369,27.384)¼32.363, p<.001, gp

2¼.618). Across
both tasks, mean accuracy for all scenarios were sig-
nificantly different from each other. Accuracy in the
low workload scenario (M¼ 85.8%, SE¼ 1.5%) was
significantly lower than the low workload phases in
the gradual (M¼ 92.7%, SE¼ 1.1%; p¼.001, d¼ 1.138)
and sudden transition scenario (M¼ 95.8%,
SE¼ 0.7%; p<.001, d¼ 1.591) and accuracy for the
low workload phases in the gradual transition scenario
was significantly lower than the low workload phases
in the sudden transition scenario (p¼.022, d¼.700).
There was also a significant effect of task type
(F(1,20)¼77.774, p<.001, gp

2¼.795), with the mean
accuracy for the primary task (M¼ 87.8%, SE¼ 0.9%)
being significantly lower than the secondary task
(M¼ 95.1%, SE¼ 1.0%; p<.001, d¼ 1.671). There was

no significant scenario� task type interaction on
accuracy (F(1.476,29.514)¼3.22, p¼.068, gp

2¼.139).

3.3. RQ III: Performance during High
Workload Phases

3.3.1. Response Time
There was a significant effect of scenario(F(2,40)¼38.882,
p<.001, gp

2¼.660), task type (F(1,20)¼109.988, p<.001,
gp
2¼.846), as well as a significant scenario� task type

interaction (F(2,40)¼14.253, p<.001, gp
2¼.416). Primary

task response time for the high workload scenario was
significantly slower than the high workload phases of the
gradual (p<.001, d¼ 1.549) and sudden transition scen-
arios (p<.001, d¼ 1.553). For the secondary tasks,
response time for the high workload scenario was slower
than the high workload phases in the gradual (p<.001,
d¼ 1.247) and sudden transition scenario (p<.001,
d¼ 1.490) as seen in Figure 8.

3.3.2. Accuracy
There was a significant effect of scenario
(F(2,40)¼44.028, p<.001, gp

2¼.688). Across both tasks,
mean accuracy for the high workload scenario
(M¼ 73%, SE¼ 1.3%) was significantly worse than the
high workload phases in the gradual (M¼ 82.3%,
SE¼ 1.0%; p<.001, d¼ 1.507) and sudden transition
scenario (M¼ 81.6%, SE¼ 1.0%; p<.001, d¼ 1.459).
There was also a significant effect of task type
(F(1,20)¼484.172, p<.001, gp

2¼.960). Mean accuracy
for the primary task (M¼ 63.7%, SE¼ 1.3%) was sig-
nificantly lower than the secondary task (M¼ 94.1%,
SE¼ 0.9%; p<.001, d¼ 5.777). There was no signifi-
cant scenario� task type interaction on accuracy
(F(2,40)¼3.22, p¼.200, gp

2¼.077).

Figure 7. Mean response times for both task types during low workload phases. Asterisks (�) denote significant differences
between scenarios.
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4. Discussion

Our goal was to better understand how workload tran-
sitions influence performance in a multitasking, real-
world domain, and to assess the applicability of the
resource depletion and effort regulation explanations.
With respect to RQ I, the main difference between
gradual and sudden workload transitions was that sud-
den transitions had higher primary task accuracy com-
pared to gradual transitions (Figure 6); however, the
associated effect size was small. There were no other
performance differences between the two workload
transition types, and this was somewhat expected based
on previous work. The findings here suggest that multi-
tasking—the main experimental difference between this
line of work and the single-task environment used in
Moroney et al. (1995)—may affect workload transition
performance differently. Although addressing RQ I pro-
vides further understanding on workload transitions, it
does not elucidate the applicability of either the resource
depletion or effort regulation explanations. To further
understand the applicability of these explanations, com-
paring the low and high workload phases of gradual and
sudden workload transitions to constant workload
is needed.

Regarding RQ II, the majority of findings indicated
faster response times and higher accuracy rates during
the low workload phases of both the gradual and sud-
den transition scenarios compared to the low work-
load scenario, which is consistent with some prior
work (e.g., Jansen et al., 2016; Krulewitz et al., 1975;
Figure 7 ). The only instance when this was not the
case was primary task response time. Specifically, low
workload phases of the gradual transition scenario
resulted in longer response times compared to the low
workload phases of the sudden transition scenario and

constant low workload scenario. Our results are con-
sistent with previous work that found performance
improves during low workload phases of workload
transitions in the presence of a secondary task (Jansen
et al., 2016; Matthews & Desmond, 2002). Our find-
ings also show that fluctuations in workload result
in superior performance than when workload is held
at a constant low level. In sum, our findings do not
support the resource depletion explanation, which
predicts that low workload phases in workload transi-
tions will result in worse performance, because resour-
ces are depleted during high workload phases. It
appears that different kinds of multitasking environ-
ments may not cause operators to experience resource
depletion during a workload transition in the same
way (Gluckman et al., 1993). There needs to be more
work to examine the impacts of specific contextual
factors, as our work suggests that diversified task
demands can help thwart resource depletion effects in
complex work environments.

For RQ III, we found that primary and secondary
task performance was better during the high workload
phases of the gradual and sudden transition scenarios,
compared to the high workload scenario (Figure 8).
However, this improvement in performance is in stark
contrast with some other work that has found per-
formance decrements during high workload phases
after workload transitions (Cox-Fuenzalida, 2007;
Cox-Fuenzalida & Angie, 2005; Gluckman et al., 1993;
Krulewitz et al., 1975; Moroney et al., 1995). Previous
work, however, did not include secondary tasks and/
or multiple workload transitions. The results here sug-
gest that the effort regulation explanation, which sug-
gests that participants can effectively redistribute their
mental resources as task demands change, may be
dependent not only on the presence of a workload

Figure 8. Mean response times for both task types during high workload phases. Asterisks (�) denote significant differences
between scenarios.
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transition, but also multiple workload transitions—the
main difference that sets apart this study from previ-
ous ones. Further research, especially studies that
modulate the number of workload transitions, is
needed to corroborate this finding and would shed
further understanding on how to improve perform-
ance during high workload (Grier et al., 2008).

Overall, the findings here demonstrate that existing
theoretical explanations cannot fully explain the effects
of workload transitions on performance. Instead, our
work further supports the nuanced nature of workload
transitions, as we explored contexts that have been
underexamined to-date. For instance, existing explana-
tions do not distinguish between primary and second-
ary task performance. Our results showed this to be
an important consideration, since secondary task per-
formance improved with both types of workload tran-
sitions, but this was not always the case for the
primary task. This finding highlights the importance
of reconsidering the secondary task(s) in complex
domains, because historically it has been assumed that
primary task performance would be prioritized over
secondary task performance (Wickens et al., 2015). In
reality, task prioritization may vary depending on con-
text and environment, especially in dynamic environ-
ments such as UAV operations where operators are
juggling multiple, interrelated tasks and responsibilities.

Our work demonstrates this notion empirically, as
participants attended successfully to secondary tasks,
even if at times it led to an immediate cost to primary
task performance. This satisficing approach supports
previous work that has shown that participants may
change how they prioritize tasks as they recognize
task interdependencies can change over time (Jansen
et al., 2016). Therefore, it is important for future work
to investigate workload transitions with interdepend-
ent, dynamic tasks to fully understand: (a) the effect
of workload transitions on performance; (b) the
applicability of existing theoretical explanations; and
(c) contextual factors from different occupational
environments. Overall, our results suggest that occu-
pational factors in these complex and dynamic
domains impact workload transition performance in
different ways than expected and the findings can be
used to inform design. For example, it may be benefi-
cial to constantly, but strategically, engage and reen-
gage operators in UAV command and control with
diverse tasks so they can manage mental resources
more effectively over time. Such a strategy may help
negate the effects due to vigilance decrements during
constant low workload and data overload during con-
stant high workload. As a result, performance may

improve because mental resources could be more
effectively employed. This strategy could be taken into
consideration occupational and technology design.

Our results show that the impact of workload transi-
tions is nuanced. One limitation of the current work is
that only two workload transition rates were examined.
Transition rate was not thoroughly explored, because it
would have affected either the number of transitions
per scenario if scenario length was held constant, or the
lengths of each scenario if the number of transitions
was held constant. Although minimal differences were
found between the workload transitions used here, it
may be of interest to consider different rates in order to
fully understand its effects. While outside of the scope
of this study, scenario duration is another limitation
worth mentioning as there is evidence that workload
transitions may have longer-term ramifications (Cox-
Fuenzalida, 2007). Another potential limitation was that
low and high workload thresholds were set equivalent
across participants. As a result, high workload may
have been deemed to be more difficult for some partici-
pants than others (Prytz & Scerbo, 2015). Future work
could individually tailor workload thresholds to account
for individual differences, however such an experimen-
tal design comes with its own challenges (see Bowers
et al., 2014). Additionally, future work should investi-
gate whether expectancy of workload transitions affects
performance. Finally, there is also a need to understand
other occupationally-relevant effects, such as task type
(e.g., manual vs. verbal tasks) and individual differences,
(e.g., expertise and personality; Cox-Fuenzalida et al.,
2006; Cox-Fuenzalida et al., 2004 ).

In summary, our results showed minimal differences
in performance between gradual and sudden workload
transitions, but transitions in general resulted in faster
responses and higher accuracy compared to when
workload was held constant at low and high workload
levels. Our findings provide further support for the
effort regulation explanation (Hockey, 1997); however,
future work should investigate the applicability of exist-
ing theoretical explanations as they relate to different
occupational factors and settings. Although our find-
ings have implications on the design of systems for
operators in various complex domains, future work
needs to address how to best integrate them to ensure
operators can safely cope with workload transitions,
such as other aspects of multi-UAV (Cummings et al.,
2019; Ramchurn et al., 2015).
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