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ABSTRACT

Multitasking and switching between tasks is a universal function in many occupations
as juggling tasks simultaneously can increase task productivity especially with, factors
such as workload that can lead to decrements and impair human performance. Fati-
gue can refer to the effects or after-effects of exerting mental and or physical effort on a
task. Fatigue inducing factors such as high workload and time-on-task can impact task
management, optimization and prioritization which can lead to performance decre-
ments. Despite the universality of multitasking, from aviation to driving a car whilst
talking simultaneously, it is unclear as to what underlying cognitive processes are affe-
cted by induced fatigue. This brief narrative review explores the dynamics of cognitive
processes with induced fatigue on individual operator and task contexts. With an inte-
rest in cognitive-behavioral models and the Multi-Attribute Task Battery || (MAT-B Il),
this review aims to provide a conceptual background of the MAT-B Il and its diverse
use in modelling multitasking environments. By describing and investigating fatigue
with multidisciplinary expertise, the development and implementation of counterme-
asures can enhance performance to mitigate the deleterious effects of workload and
time-on-task.
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INTRODUCTION

Operating concurrent tasks is highly complex and requires an operator to
divide attention across safety-critical tasks in occupations like maritime and
air traffic control (Bender et al, 2017). The collaboration between humans
and machinery has been integrated as much as possible to mitigate human
errors manifested by different types of fatigue. But some risk for error remains
as it is well established that fatigue induced by workload and time-on-task
can contribute to deleterious effects of task performance (Westbrook et al,
2018; Van Cutstem et al, 2017).

As these types of fatigue can contribute to poor performance it is impera-
tive to develop and implement countermeasures for multitasking performa-
nce. The objective of this novel narrative review is to firstly, investigate the
underlying cognitive mechanisms of multitasking whilst also defining and
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exploring fatigue with workload and time-on-task. To assist in reviewing
these cognitive mechanisms, several cognitive-behavioral models will be used
to provide insight into the external and internal factors of multitasking whilst
highlighting the importance of several contexts on operator performance. The
final section of this review will provide a conceptual background on the use of
multitasking with the Multi-Attribute Test Battery II (MAT-B II). The findings
of this review will be used to guide the structure of a multitasking pilot pro-
tocol to investigate task-related fatigue with expertise from chronobiology,
human factors and ergonomics.

LITERATURE REVIEW

Reviews of the fatigue and human factors literature reveals that underloading
or overloading an operator during a task can lead to decrements in perfor-
mance (Xie & Salvendy, 2000). This coincides with the notion of ‘active’ and
‘passive’ fatigue. Active fatigue refers to when the operator must manually
attend to a task for an extended period (Bernhardt et al., 2019). Whereas
passive fatigue refers to periods of underloading, such as monitoring/su-
pervising an automated process during the task (e.g., when an aircraft is
on autopilot; Bernhardt et al., 2019; Fan & Smith, 2017). This is ‘task-
related fatigue’ which is associated with the decrements of the concurrent
tasks. Task-related fatigue can result in cognitive and behavioral perfor-
mance impairment outcomes including ineffective attention and poor effort
allocation on concurrent tasks which can compromise occupational safety
(Banks et al., 2019; Gupta et al., 2019). It has been established that fatigue
factors such as workload, time-on-task, circadian effects (e.g., factors rela-
ted to time-of-day) and sleep-related effects (i.e., being sleep deprived) can
exacerbate fatigue with observed performance decrements, particularly when
attending to multiple tasks simultaneously (Alhola & Polo-Kantola, 2007;
Harrison & Horne, 2000). Multitasking is more complex than just switch-
ing between concurrent tasks as this requires the support of several cognitive
mechanisms that allows the operator to attend to a task whilst maintaining
a level of attention to concurrent tasks (Madore & Wagner, 2019).

As tasks vary in nature, the switching between tasks that are ‘cognitively’
different can further contribute to the preexisting mental strain and fatigue.
This suggests that switching itself is facilitated by a cognitive factor that sup-
ports simultaneous task performance (Meyer & Kieras, 1997). Identifying
these factors has been difficult, as operators across a variety of domains
rely on different operational skill sets to effectively complete a task. There
may be three ways multitasking is impacted in operational environments:
1) Cognitive processes that can be sensitive to fatigue (e.g., sustained vigi-
lance or memory-based processes); 2) External factors that relate to task
attributes such as the number and the degree of heterogeneity of the tasks
(how different they are to each other), and 3) Internal factors such as per-
sonal/operator states (Meyer & Kieras, 1997; Musslick & Cohen, 2021).
There are a variety of factors that can contribute to inducing fatigue, yet this
paper will refer to fatigue as task-related fatigue which includes workload
and time-on-task effects.
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Fatigue and Multitasking

Investigations of task-related fatigue factors has found that single, deman-
ding, long, and monotonous tasks have illustrated a greater number of
errors, reduced reaction time (RT), and more variability (Banks et al, 2010;
Chua et al, 2014; Fan & Smith, 2017). Despite consistent findings on this,
complex tasks including multitasking, decision, and working memory tasks
have shown mixed performance decrements (Wickens et al, 2015). It is sugge-
sted that a mixture of internal and external attributes, along with preexisting
fatigue can amplify poor multitasking.

An observational field study conducted by Westbrook and colleagues
(2018) demonstrated that fatigue, poor sleep (i.e., below the average 7-9
hours), interruptions whilst multitasking were associated with greater rates
of prescribing errors in a hospital setting. Interestingly, multitasking was
significantly associated with legal/procedure errors (e.g., writing the incor-
rect metrics of dosage). This suggests that interruptions and multitasking can
lead to errors, and perhaps the mode of task performance could determine the
type of errors made. However, it has also been found that multitasking may
be advantageous to task engagement in certain settings (Meyer & Kieras,
1997; Srna et al, 2018). Additional studies have found an effect of time-
of-day when completing and solving task problems. This may suggest that
there are other factors of fatigue that can modulate the level of alertness and
vigilance (Caldwell & Ramspott, 1998; Wilson et al, 2005). Wilson et al
(2005), demonstrated that time-on-task and time-of-day did have a signifi-
cant impact on an increase of errors and impaired reaction on the MAT-B
I system monitoring task, however, the resource management and tracking
task were ‘non-degraded’. Hence, supporting the notion of simpler tasks
being more sensitive to fatigue, operators may strategically choose simple
tasks as they require less effort and demand to manage workload and fati-
gue (Gartenberg et al., 2018). This suggests that a mixture of task modes
may contribute to an operator’s strategy to switch tasks. Despite this, very
few studies to knowledge have explored the impact of multitasking as most
studies have explored cognitive processes in isolation.

The Cognitive Processes Underlying Multitasking Performance

Multitasking has been defined as dividing attention amongst two or more
tasks that are occurring simultaneously (Spink et al, 2006). Task switching to
attend to new information due to an interruption or a distraction is multita-
sking (Waller 1997; Westbrook et al., 2018). Literature has suggested that the
human brain has limited capacity to operate on two or more tasks concurren-
tly, as the brain lacks the cognitive and neural systems (Gosselin et al, 2005).
Hence, switching from one task to the other is a strategy used to engage tasks
concurrently. But the cognitive costs of switching can be counterproductive
in demanding, unfamiliar and/or stress-inducing environments as it can dis-
rupt attention on one or all concurrent tasks (Gutzwiller et al, 2018; Madore
& Wagner, 2018).

Multitasking has been said to incorporate several functions including
memory, decision making, and sustained attention to allocate effort across
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tasks (Harrison & Horne, 1999; Qi et al, 2019). These processes may become
constrained with increased task load and increases in fatigue (Ardoin et al,
2014; Stark et al, 2000). Studies have suggested that tasks which are cogni-
tively different from each other are more resilient to task-related fatigue as
switching between the tasks are engaging and effort is distributed across a
combination of cognitive systems (Stark et al, 2000). Cognitive systems such
as working memory capacity (WMC), which assist in maintaining and retrie-
ving information momentarily, are important for multitasking as individuals
higher on WMC are more effective in maintaining information and focus
despite unexpected task interruptions (Stelzel et al, 2018). Thus, implicating
those cognitive systems such as WMC may be effective predictors of effective
multitasking (Westbrooke et al, 2017). Some studies have indicated that diffe-
rent aspects of multitasking can be cognitively mapped onto different regions
of the brain, it may be possible that multiple regions are engaged in multi-
tasking performance as tasks are dynamic and require different uses of the
brain (Fairclough et al, 2005; Gartenberg et al, 2018; Stelzel et al, 2018).

Studies looking at multitasking and task-related fatigue such as task
demand and workload is limited. Cohen et al (2008) suggest that when
individuals engage in up to three or more primary tasks, the cost of mul-
titasking was evident as a greater number of errors and decreased perfor-
mance was observed following an increase of task demand. Comparatively,
Camden et al’s (2015) study of workload demonstrated that an increased
number of tasks with the same difficulty had no interaction effects between
the number of task numbers and performance. Whereas other studies have
suggested that subjective perception of difficulty could also explain lowered
performance (Adler & Benbunan-Fich, 2014). However, it remains unclear if
undertaking the tasks for a longer period would result in performance differe-
nces. These findings suggest that although the capacity to multitask and swi-
tch between concurrent tasks is limited, multitasking can occur when keeping
within the constraints of task familiarity, expertise and limiting distractibility
for productive multitasking (Bender et al, 2017; Camden et al, 2017).

Cognitive-behavioral Models of Multitasking

Cognitive-behavioral models have provided insight into the internal (ope-
rator) and external (environmental) attributes that influence multitasking.
Namely, the Strategic Task Overload Model (STOM), Model of Visual Atten-
tion Allocation (SEEV), and Contextual Control Model (COCOM) are used
in exploring the dynamics of cognitive control (Wickens et al., 2017; Wickens
2015). In short, STOM is a multi-attributional decision model which attem-
pts to predict the switching and periods of task neglect by an operator during
an ongoing task and an alternative task (Wickens & Gutzwiller, 2017).
External influences include task difficulty, priority, interest, salience, and
time-on-task. For example, a task that is a priority is of high interest and
salient, it would be an ongoing task as the operator continues to complete
the task. Comparatively, a task that is irrelevant, low on interest or engage-
ment, difficult, with greater time spent on the task can incline operators to
switch (Wickens & Gutziller, 2017).
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Correspondingly, the SEEV model, includes 4 attributes that consider the
tracking and measuring scanning neglect or attention on a task with eye-
tracking and gaze (Bocca & Denise, 2006). This posits that the salience,
effort, expectancy, and value (SEEV) contribute to task switching which com-
pliments the STOM attributes (Wickens & Gutziller, 2017). In SEEV, salience
refers to brightness, flashing and larger stimuli, that requires less effort for the
eye to travel to; and where stimuli are easier to detect and predict. Interestin-
gly, time-on-task, for SEEV highlights the complexity of task factors. On one
hand, longer time spent on a task may decline scanning rates, however, spen-
ding more time on gazing and scanning a task may be a tactic that allows the
operator to maintain information and notice task changes. Effectively, lon-
ger gaze or more scanning may cause resistance to task switching to focus on
the one task at hand, allowing the operator to manage their workload with
minimal effort (Wickens & Gutziller, 2017).

Similarly, COCOM is highly involved in cognitive control as it is based on
the concept of maintaining competence (i.e. the operator’s set of actions that
can be applied to during a situation), control (i.e. having the competence
to apply an action) and constructs (i.e. having or following the orderliness
to perform the task) in addition to 4 strategic modes of control (Hollnagel,
1996; Hollnagel, 1999). These 4 modes of control are determined by the
availability of resources, time available, and the number of goals needed for
task completion (Hollnagel, 1999). These modes occur based on the environ-
ment which alters operator strategies through a 1. Strategic implementation
of action when the context of a task is clear and/or predictable; 2. Tacti-
cal performance can be implemented when limited context is available but
the task follows a known procedure; 3. Opportunistic control is used when
there is a lack of competence and when the salient features of task guiding
action(s); and finally, 4. Scrambled mode occurs in extreme situations when
there is zero control and context, and performance is based on trial-and-error
(Rauffet, et al, 2020). Although it may be difficult to observe and characterize
the modes these models highlight the complexity of operator strategies.

Operator expertise should also be considered in the models as individual
differences are present in real-world contexts, including the aspect of task
training, seniority and/or expertise to optimize task and resource manage-
ment (Bender et al, 2017; Westbrook et al, 2017). These additional factors
compliment the STOM attributes of difficulty, as they could be a regulating
factor of difficulty and ultimately encourage operators to respond to sali-
ent information with increased task familiarity and operator choice (Adler
& Benbunan-Fich, 2015; Rill et al, 2018). For example, operators having
the freedom (essentially in a scrambled mode according to COCOM) to ope-
rate independently or instructed with a pre-determined task order (i.e. either
with tactical or opportunistic mode) may be a defining feature of task and
resource management (See Figure 1). Multitasking performance in various
settings require different modes of control, but the strategic modes may dif-
fer depending on the task and the relevance of the strategy (Rauffet et al,
2020). Despite the exploration of cognitive control, implicating and modeling
these attributes in a multitasking simulation with physiological measures has
shown promising results in predicting maximal or minimal operator effort.
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Figure 1: This figure demonstrates the interplaying dynamics of the different factors
that contribute to task outcome at different levels.

MATB-Il AS AN EXPERIMENTAL FRAMEWORK

Originally developed by NASA, the MAT-B II has been used to simulate
operations in aviation. The MAT-B II tasks consist of system monitoring
(SYSMON), tracking (TRACK), communications (COMM), and resource
management (RESMAN) with pump-status which can be configured to
three difficulty levels (low, medium, and high). These tasks simulate gene-
ral piloting tasks which include the detection and response to the ‘aircraft’
system, navigation, over-radio communication, and the management of ‘fuel’
(Stantiago-Espada et al, 2011). A ‘scheduling” (SCHED) display allows the
operator to predict the incoming workload(s) (see Figure 2). The task also
includes the NASA Task Load Index (NASA-TLX) as a post-task measure
of subjective workload, the configuration for task automation or manualiza-
tion, and the manipulation of workload.

Alongside the MAT-B II metrics, eye tracking, various physiological (e.g.
electroencephalogram (EEG) and functional magnetic resonance imaging
(fMRI)), reaction time, and self-reporting measures have been investigated to
predict or detect impaired multitasking. Blink rate and gaze have been utili-
zed as tools to demonstrate the allocation of attention and effort, which have
been correlated with the management multitasking with SEEV and STOM
attributes (Zabala & Gutzwiller, 2021). Aligning with previous workload
findings (e.g., Ardoin et al, 2014; Stark et al, 2000), Fairclough et al (2005)
explored blink rates and showed that TRACK and RESMAN had performa-
nce decrements when task demand was high. However, accuracy on gauge
management of RESMAN increased which may be due to the change of dif-
ficulty during the task. The reduced mean blink rate found in this study might
be due to the high need for visual attention and demands (Veltman & Gillard,
1996). Hence, to optimize visual occlusion, blinking may have decreased.
Zabala & Gutzwiller (2014) conducted an eye-tracking study with the MAT-
B II that manipulated tracking difficulty with multitasking and found that
there was less switching during the ‘difficult’ than in the ‘easy’ task levels
when paired respectively with the other tasks (i.e., SYSMON, COMM, and
RESMAN) which also supports and compliments findings regarding greater
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Figure 2: Displays the MAT-B Il operator interface showing all the MAT-B Il features.
From left (top) SYSMON, TRACK, SCH, COMS, and RESMAN showing pump status.

workload (Stark et al, 2000). Interestingly, mixed findings are observed
with eye-tracking used to measure gaze fixation, the effect of task prioriti-
zation (e.g., being instructed to prioritize a task), and the number of switches
(Zabala & Gutzwiller, 2021). Additionally, blink rate and pupil diameter
could be reliable for measuring cognitive load and attention allocation, and
perceptual load (Bocca & Denise, 2006; Chen & Epps, 2014).

Heart rate (HR, beats/min), heart rate variability (HRV), EEG, and fMRI
studies have shown mixed findings in physiologically quantifying the impa-
cts of task-related fatigue during multitasking. Hsu and Colleagues (2015),
using the MAT-B II found that EEG of frontal-central areas were appropriate
for detecting low-medium and low-high mental workload which was signi-
ficantly correlated with the NASA-TLX (Fairclough et al, 2005; Veltman &
Gillard, 1996; Wilson et al, 2007). This study also showed that HRV was a
sensitive indicator to workload which was correlated with high mental wor-
kload. Similar findings have supported this with observations of time-of-day
effects and sleep deprivation (Wilson et al, 2007; Kong et al, 2022). These fin-
dings demonstrate the reliability of the MAT-B II for simulating multitasking.
It would be interesting to examine the self-rated and MAT-B II performance
along with training to improve multitasking as it would provide global insight
on multitasking and fatigue.

CONCLUSION

It has been well established that task-related fatigue can lead to decrements
of task performance, yet this is difficult with multitasking. The findings from
this review suggest that multitasking is complex and that the capacity to
multitask with pre-existing and additional fatigue is limited. Future studies
could simulate microworlds with the MAT-B 1II for greater durations, and/or
investigate the effects of instantaneous overloading and underloading wor-
kload to replicate high-tempo switching. These studies would help to better
understand the complexities of multitasking, a key aspect of many dynamic
environments.
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