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Abstract: Workload can be regarded as the “cost” (in information processing terms) of performing a given flight task. Predictive models of
workload are valuable at the early stages of system design to identify potentially excessive demands on the human operator before major
system development commences. This paper describes the early development of a task-based predictive workload method. It utilizes a
scenario-based timeline analysis supplemented by characterizations of the cognitive nature of the pilot’s tasks using Wickens’ multiple
resource theory, followed by the identification of likely task conflicts and estimates of the influence of the task environment. Workload
predictions were made for a manual approach, landing and roll-out scenario in a modern airliner. Predictions were compared against
corresponding Bedford scale workload estimates. Results show that the predictive workload technique produced comparable estimates of

cognitive workload measured using the Bedford scale.
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There is no universally accepted definition of mental work-
load, but it is generally acknowledged that it is the experi-
ence resulting from task demands related to competition
for limited information processing resources. It is regarded
as the information processing “cost” of performing a given
task (or tasks). It is intimately related to information
processing theory and specifically to the finite capacity of
cognitive resources in working memory (Harris, 2011).
Workload is the cognitive corollary of task load (the impo-
sition of tasks) and is one of the limiting human factors in
the design of complex sociotechnical systems.

Workload has three basic sources: the nature of the task
or tasks (their cognitive demands; number and nature of
tasks to be performed concurrently; time pressure, etc.);
the task environment; and the skill/experience of the user
(Johannsen, 1979). The design of flight deck equipment
affects the sources of workload and can also mediate some
aspects of the task environment. As a result, it is desirable
to be able to predict the impact of new equipment on pilot
workload at the early stages of the design process. Predic-
tive workload models are particularly useful before a new
system using new procedures is implemented. With a new
design there is a requirement to foresee information pro-
cessing conflicts and identify potential workload peaks
where system demands exceed the operator’s cognitive
capacity. The demands imposed by the task, system, and
environment will inform issues such as the number of crew
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required and the scheduling of tasks and will determine
whether further automated assistance is required to keep
cognitive demands within acceptable bounds. Measures of
workload (e.g., using workload scales and/or physiological
measures) only verify whether a design goal has been
achieved; they do not assess whether a design is likely to
achieve its human performance objectives (see the “V”
development cycle: Reuzeau & Nibbelke, 2004).

Analytical approaches to workload estimation are usually
based on a formal task analysis (Xie & Salvendy, 2000),
often incorporating elements of both hierarchical task anal-
ysis (HTA) and cognitive task analysis (CTA), with tasks
described on a timeline. In many cases, these task analyses
are supplemented by an underlying model of human infor-
mation processing (e.g., multiple resource theory [MRT];
Wickens, 1984). The timeline analysis procedure model
(TLAP; Parks & Boucek, 1989) is one such timeline-based
model not dependent on an underlying theory, but which
simply imposes an additional workload penalty when two
or more tasks have to be performed simultaneously, and
thus may imply an approach requiring multiple cognitive
resources.

However, most predictive models of workload are predi-
cated on a basic theory of human information processing,
which conceives that some tasks can be shared concur-
rently (e.g., a visual and an auditory task) but other combi-
nations of tasks can only be shared with limited success

© 2024 Hogrefe Publishing



- |P Address:2a01:e0a:902:4€70:481e:1191:e2ed: 9e5a

https://econtent.hogrefe.com/doi/pdf/10.1027/2192-0923/a000267 - Julia Behrend <jubehrend@airfrance.fr> - Saturday, March 29, 2025 2:46:22 AM

D. Harris & S. Scott, Predictive Model of Flight Deck Cognitive Workload 39

(e.g., two verbal tasks, or two visual tasks; see Baddeley,
2000; Baddeley & Hitch, 1974; Wickens, 1984). The
aircrew workload assessment system (AWAS) is such an
analytical approach that utilizes a description of piloting
tasks arranged on a task timeline. Tasks are assessed for
their individual demands on each of the Wickens MRT
channels (Wickens, 1984) and conflicting demands (where
two simultaneous tasks occupy the same information pro-
cessing channel) are also identified (Davies et al., 1995).
The results are in the form of a continuous output of pre-
dicted pilot workload. Like AWAS, the workload index
(W/INDEX) also draws on MRT to identify task conflicts
and assess their implications for operator workload (North
& Riley, 1989). W/INDEX is scenario-based and is also
predicated on a timeline analysis. It is specifically aimed
at establishing the likely workload benefits associated with
the introduction of new equipment.

Hamilton and Bierbaum (1990) developed the task anal-
ysis workload (TAWL) modeling approach. This was again
based on a multiple-resource model of human information
processing to estimate the cognitive, psychomotor, and
sensory components of workload. TAWL was used to
estimate the workload imposed and to assess the likely con-
tributions to workload management offered by the develop-
ment of new flight deck technologies. The visual, auditory,
cognitive, psychomotor (VACP) tool described by Mitchell
(2000) is a further development of TAWL. It has been used
to make design decisions early in the product development
cycle to assess workload trade-offs (e.g., Mitchell & Samms,
2010). Wickens also developed a predictive model based on
the computational version of MRT (Wickens, 2002), which
operated on a similar basis to AWAS. Any shared tasks
identified from a cognitive task analysis were analyzed with
respect to the demands they placed on the operator in four
categories: working memory (spatial), working memory
(verbal), response (manual), and response (verbal). This
analysis forms the basis of an estimate of workload and
identified conflicting task demands that could potentially
degrade performance.

It is desirable to assess any effect on workload of new
flight deck functions early in the design stages, before com-
mencing detailed design work and building prototypes.
There is a 1:10:100 “rule” for design costs (Pressman,
1992). For every £1 to fix a problem identified in the early
design stages it will cost £10 to fix it during detailed design
and development, and £100 to fix it once the system is
operational. An early predictive analysis of task scheduling
and sharing on the flight deck helps to determine potential
pilot information processing bottlenecks and to identify
periods of unacceptably high workload. However, to be of
any utility the estimates derived by the model should show
a high degree of predictive validity. Many earlier predictive
models have been validated against measures of perfor-
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mance (see McMillan et al., 1991; Sarno & Wickens,
1992; Wickens et al., 2013) rather than against measures
of workload, which is less common (e.g., Borghetti, et al.,
2017; Rusnock et al., 2015; Rusnock & Geiger, 2016).
Where there has been an attempt to validate against an
extant workload measure, the correlations have generally
been higher for task performance than for workload (Wick-
ens et al., 2013). However, there is often a dissociation
observed between workload and performance (Mansikka,
et al., 2019; Yeh & Wickens, 1988). Because of the dissoci-
ation often observed between workload and performance, it
is important to compare any prediction of workload against
an extant workload measure. In this study the predictive
workload estimates from the model are compared against
an existing workload scale in common usage (the Bedford
scale; Ellis & Roscoe, 1982) making this a direct assessment
of the predictions from this modeling approach.

A key objective of this work was to develop a simple
predictive model of workload that was not computationally
complex, and which could be applied easily with minimal
domain-specific expertise. The approach developed
requires no bespoke software. It may be implemented using
simple HTA software and a spreadsheet. Nevertheless, it
remains theoretically robust, being grounded on the princi-
ples of MRT.

Model Development

Premise Underlying the Predictive Model

Workload is the cognitive cost of performing certain flight
task(s), within a task environment using items of flight deck
equipment. For simplicity, the effects of factors such as fati-
gue and stress on workload will be discounted in this
instance.

For modeling purposes, cognitive input load is consid-
ered to be imposed primarily by the task and the environ-
ment in which it is performed; flight deck equipment
should help to alleviate these imposed demands (rather
than create additional demands on the crew). It should
moderate the task demands imposed on the pilot. This
may be achieved in several manners, for example, by the
integration of information, simplification of procedures,
reduction in required calculations, etc.

The predictive workload model developed was based on
a six-stage process:

e Timeline-based analysis of required flight tasks

e Characterization of the flight task components and
derivation of task input cognitive load estimates

e Allocation of tasks to an appropriate cognitive category

e If two tasks are undertaken simultaneously, derivation
of a task conflict score
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e Characterization of the task environment using antag-
onistic noun pairs (used to characterize the task
environment)

e Timeline-based calculation and presentation of the
workload estimate

Timeline-Based Analysis of Required
Flight Tasks

Workload can vary dramatically from minute to minute
during certain stages of flight. A major criticism of workload
scales not used concurrently with the task is that it is
unclear whether measures relate either to peak or average
workload or to workload at the point of questioning.
However, when the workload imposed exceeds a pilot’s
cognitive capacity to cope, no matter for how short a period,
then from both a flight safety and performance perspective,
this is unacceptable (workload redlines; see Rueb et al.,
1994).

The predictive model of workload is predicated on a
timeline-based task analysis of a specific flight scenario.
Timeline analyses are based on the bottom-level tasks
in an HTA (those tasks that are not subject to further
de-composition and that constitute an operation; e.g., see
Huddlestone & Stanton, 2016). Tasks undertaken simulta-
neously are also identified to enable the calculation of
workload when there are potentially competing tasks.
These bottom-level tasks form the basic building blocks
of the modeling technique and are derived from a number
of actual flight scenarios. However, it is anticipated that
when being used in a design context, the task analyses
would comprise prospective analyses of the way it is antic-
ipated that the task would be undertaken. New equipment
may change the basic nature of tasks (e.g., automation of
flight path control changes the nature of the task from
one of manual control to one of supervisory control/
monitoring). As a result, any new equipment will also
impact the competition between tasks for cognitive
resources, which will serve to further change the workload
experienced. This may require new HTAs to be undertaken.

Characterizing the Features of the Flying
Task

Each of the bottom-level tasks depicted on the timeline are
characterized using a set of verbs describing the task char-
acteristics. In contrast to the VACP model (Mitchell, 2000)
where task descriptors are based on information processing
codes, the present model adopts an approach where the
descriptors are more directly task based. The verbs describe
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Table 1. Table for deriving workload input load estimates

Dimension Rating

Controlling

Information gathering and monitoring
Communicating and coordinating
Planning and deciding

Verifying and checking

Total

MRT task category

Note. Ratings made using a 4-point scale (Hi = 5; Med = 3; Lo = 1; or not
applicable = 0) and include assigning the MRT task category.

the cognitive activities undertaken by the pilot. Originally,
nine verbs describing pilot-related activities were generated
(see Harris, 2019). Initial trials showed some inconsistency
in the application of the verb descriptors, in particular the
consistency of the application of verbs associated with
checking/verifying system status. As a result, the initial
set of verbs was reduced to just five to increase coding reli-
ability and reduce complexity. The final set of verbs to
describe the pilot’s tasks were:

o Controlling (flight path; systems): activities relating to
the position and speed of the aircraft in three-
dimensional space. Control of aircraft systems, includ-
ing controls such as flaps, speed brakes, gear, etc.

o Information gathering and monitoring: state of
systems; position of aircraft, etc. using aircraft instru-
mentation, specifically activities relating to actively
obtaining data and information (including data
about the external environment). Specifically, NOT
controlling

o Communicating and coordinating (intention), including
the coordination of people and equipment

e Strategic planning (of flight path; crew activities) and
deciding (choosing) between potential courses of
action

e Data verifying and checking: data; information; proce-
dures; checklists and checking these data against plans
and intentions

Each task on the timeline is characterized using these verbs
and the difficulty evaluated using a simple 4-point scale (Hi
= 5; Med = 3; Lo = 1; or not applicable = 0). Ratings are
completed by a subject-matter expert and are considered
independently of either the task context or other concurrent
tasks. As far as possible, each task should be described by
just a single verb; however, some may involve two (or
more) verbs; for example, many control tasks also require
attention to the aircraft instrumentation. The individual dif-
ficulty scores are simply summed to provide a workload
influence rating (see Table 1).
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Table 2. Cognitive task categories (from Wickens, 2002).

Cognitive category Code Processing stage

Visual spatial VS Perceptual: linked to the receiving of information from the aircraft or environment,

Visual verbal wW for example reading; listening (spoken word); maps; visual information from the environment
Auditory spatial AS

Auditory verbal AV

Cognitive spatial CSs Reasoning: Either nonverbally or verbally/numerically

Cognitive verbal Ccv

Response spatial RS Responding: either via control systems or by voice (spoken word)

Response verbal RV

Table 3. Additional cognitive task categories to incorporate symbolic data processing

Cognitive category Code Processing stage

Visual symbolic VSym Perceptual: linked to the receiving of information from the aircraft, for example, warning lights and sounds
Auditory symbolic ASym

Cognitive symbolic CSym Reasoning: Either nonverbally or verbally/numerically

Allocation of Bottom-Level Task to
Cognitive Category of Task

Each bottom-level task is also assigned to one category
that best describes the cognitive nature of the task based
on Wickens’ (2002) task characterizations: VS = visual spa-
tial; VV = visual verbal; AS = auditory spatial; AV = auditory
verbal; CS = cognitive spatial; CV = cognitive verbal; RS =
response spatial; RV = response verbal (see Table 2). MRT
makes certain predictions about performance. For example,
the performance of two simultaneous tasks will be better if
one task is presented visually and the other is presented via
the auditory channel, rather than both using the same
modality. There is also a cognitive overhead besides the
individual workload contributions from each of the tasks
resulting from two tasks being undertaken simultaneously.

In initial trials of the predictive workload modeling
method, issues were identified in the consistency of the
application of the definitions in the task tables and in partic-
ular the consistency of the categorization of tasks associ-
ated with checking/verifying system status and the
application of some aspects of Wickens’ task categoriza-
tions (e.g., perception vs. cognition). Furthermore, there
was also some difficulty assigning an appropriate informa-
tion processing code. In the first revision of the model
(reported in LPA-IADP-WP3.1.5—12), to aid in categoriza-
tion, any task that was not designated as “verbal” was (by
definition) codified as “spatial,” and hence spatial tasks
were designated as being “nonverbal.” A similar approach
was used by Ferris and Sarter (2010). In this instance, codes
were characterized as being either “spatial” (data extracted
from task-relevant stimuli relating to spatial relationships)
or “nonspatial” (the data had symbolic meaning or had
no spatial properties). However, in the latter instance,
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symbolic meaning or data that have no spatial properties
may themselves constitute two classifications of data. Not
all nonverbal tasks are necessarily spatial tasks, for example,
the verification of the configuration of a system, checking a
course deviation, or verifying that thrust levers close under
auto-thrust command. While these are certainly nonverbal,
they are not truly spatial within Wickens’ definitions.
Furthermore, Kirby (1994) pointed out that simply because
data are presented in a spatial format does not mean that the
cognitive tasks involved in the processing of those data are
solely of a spatial nature. Examples of this would include the
incorporation of height/altitude data (digitally) on a two-
dimensional map containing spatial data. Memorization of
waypoints or route planning will also involve verbal aspects
of what may initially be regarded as a spatial task. These
shortcomings identified a requirement for further task cate-
gories to be defined relating to the nature of information
processing undertaken during the perceptual and cognitive
stages. Hence, a third processing code dimension was incor-
porated, entitled “symbolic.” Symbolic tasks may be visual
in nature (particularly at the perceptual processing stage);
auditory, for example, nonverbal auditory warnings, or
cognitive (reasoning and thinking; (see Table 3).

Task Competition Matrix

In addition to the complexity of tasks, scheduling and shar-
ing also determine workload. The influence on workload of
two tasks occurring simultaneously is incorporated into the
predictive workload by specifically examining the cognitive
nature of these tasks. The cognitive load on the pilot will
partly be determined by competition for cognitive resources
between tasks if two (or more) tasks need to be undertaken
by the pilot simultaneously. Cognitive resource theories

Aviation Psychology and Applied Human Factors (2024), 14(1), 38-48
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Table 4. Original task conflict matrix was based on the three primary dimensions of MRT (Perceptual, Cognitive, Response): VS = visual spatial; VV
= visual verbal; AS = auditory spatial; AV auditory verbal; CS = cognitive spatial; CV = cognitive verbal; RS = response spatial; RV = response verbal

Task 1 resources

Perceptual Cognitive Response
Task 2 Resources VS W VSym AS AV ASym CS Ccv CSym RS RV
VS 1.8 1.6 1.4 1.6 1.4 1.2 1.7 1.5 1.3 1.4 1.2
W 1.8 1.6 1.4 1.6 1.4 1.5 1.7 1.5 1.2 1.4
VSym 1.8 1.4 1.2 1.6 1.3 1.5 1.7 1.1 1.3
AS 1.8 1.4 1.2 1.7 1.5 1.3 1.4 1.2
AV 1.8 1.6 1.5 1.7 1.5 1.2 1.4
Asym 1.8 1.3 1.5 1.5 1.1 1.3
CS 1.8 1.6 1.4 1.6 1.4
cv 1.8 1.6 1.4 1.6
CSym 1.8 1.3 1.5
RS 1.8 1.6
RV 2.0

Note. Numbers in the table indicate the degree of task conflict (from 1 to 2, where 2 = maximum conflict). Adapted from Wickens (2002). The revised matrix
also incorporates the new categories of visual symbolic (VSym), auditory symbolic (ASym), and cognitive symbolic (CSym).

(e.g., Wickens, 1984, 2002) hypothesize distinct pools of
information processing resources. MRT (Wickens, 1984)
determines that some simultaneous tasks can be shared
more successfully than others. If both tasks share the same
information processing resource (e.g., two verbal tasks or
two visual tasks), task performance is compromised to a
greater extent than when they occupy different resources.

Wickens (1984, 2002) subdivided information processing
into three basic stages: perceptual encoding (what is it,
where is it, what does it do?); central processing (what shall
I do about it?); and responding (doing something about it, if
required). These processing stages are also categorized to
incorporate input code and are described in Tables 2 and
3. Tasks undertaken simultaneously that place demands
on the same underlying cognitive resource exhibit the
greatest task conflict, and hence result in higher workload.
When two tasks are undertaken simultaneously, there is
also an information processing overhead attributable to
the tasks competing for cognitive resources over and above
the demands of the individual tasks. This is reflected in the
modeling process.

These additional task categories required Wickens’ orig-
inal task conflict matrix to be extended to accommodate
them. For the initial task conflict estimates, it was assumed
that symbolic tasks would not conflict to the same degree as
either the corresponding verbal or spatial tasks; however,
two symbolic tasks sharing the same modality and code
would be equally as incompatible (see Table 4).

Characterization of the Task Environment

All tasks take place within an environment (meteorological;
airspace; air traffic, etc.). The demands of the environment
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partially determine the pace, difficulty, and complexity of

the pilot’s tasks. Flight deck equipment can moderate some

of the task demands imposed by the operational environ-
ment (but not all).

A list of generic environmental characteristics that may
be applied to the task environment as a whole that may
impact on pilot workload was developed. These character-
istics are described in the form of seven antagonistic noun
pairs:

o Simplicity/complexity — how difficult is the task; how
many task components are there with how many
potential interactions?

e Accuracy/inaccuracy - what degree of accuracy of per-
formance is required to complete the task successfully?

e Predictability/stability - is the task environment stable
and predictable, or could a number of unexpected
things happen at short notice?

e Visibility/invisibility - can the necessary task factors be
viewed directly, or can they only be perceived using
equipment on the aircraft (e.g., radar)?

o Clarity/ambiguity - is it obvious what demands and/or
risks are being imposed from the operational
environment?

e Velocity (rapidity) - how quickly are the environmental
demands changing/evolving? Does this determine the
required pace of the task?

o Controllability/uncontrollability - are the environmen-
tal demands controllable from the flight deck in any
way (e.g., requesting alternative ATC instructions)?

Furthermore, allowance in the modeling process is also pro-

vided to alter environmental demands during a scenario
irrespective of task demands (e.g., weather may deteriorate

© 2024 Hogrefe Publishing
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Table 5. Table for deriving environmental influence estimates on input
workload estimates

Dimension Rating

Simplicity/complexity
Accuracy/inaccuracy
Predictability/stability
Visibility/invisibility
Clarity/ambiguity

Velocity (rapidity)
Controllability/uncontrollability

Total environmental influence

as the aircraft descends; flight path accuracy demands may
change with respect to distance from the runway, etc.).
Ratings based on these noun pairs supplement the task
analysis components to describe the workload requirements
resulting from the operational task environment. This
serves to further determine the amount and complexity of
the task input load. The degree to which various environ-
mental characteristics contribute to the input load of sub-
tasks is again determined by expert judgment. Each
environmental  characteristic  influencing  workload
demands in a particular scenario is rated using a simple
3-point scale and entered into a table (see Table 5):
e O = no effect on pilot workload
e +1 = potentially increases workload demands on the
pilot slightly
e +3 = potentially increases workload demands on the
pilot significantly

These ratings are then summed across all components to
produce an environmental workload influence score. The
environmental influence score may be calculated just once
for a particular task/scenario or be revised as demands
change.

Derivation and Presentation of Task
Workload Estimate

For each task (or task pair when two tasks occur simultane-
ously) the predicted workload is derived from the following
formulae:

Equation 1: Single task predicted workload estimate

(Workload input load estimates) x 1.5 + Environmental
influences on workload = Predicted Workload (4]

Equation 2: Dual task predicted workload estimate

[(Workload input load estimates task 1 + Workload
input load estimates task 2) x Task conflict modifier value]
+ Environmental influences on workload=Predicted (2)
Workload

The estimates from pilot trials exhibited a tendency to
underestimate workload predictions when just a single task

© 2024 Hogrefe Publishing

was being undertaken. To reflect the additional attention
that a pilot undertaking just a single task would be able
to allocate to a single task, in these circumstances the work-
load estimate was increased by 50% (see Equation 1).

The task-by-task workload predictions are presented
graphically on a timeline, with time on the x axis and over-
all workload on the y axis.

Workload Model Predictions
Method

To assess the predictions from the modeling approach,
workload estimates were derived for the pilot flying (PF)
position during an extended flight scenario encompassing
approach, landing, and roll-out. The approach and landing
analyses were undertaken for a manual approach (with
auto-thrust engaged) with a O-ft decision height and O-ft
runway visual range performed in a Boeing 777.

The comparative assessment process proceeded in the
following stages:

e Timeline task analyses of the flight scenario and develop-
ment of task timeline(s)
o Identification of the nature of the cognitive tasks
o Task environment assessment

e Subjective assessment of workload experienced using the
Bedford workload scale (Ellis & Roscoe, 1982) for compar-
ison with the predictive workload estimates

e Calculation of predictive workload estimates

The task timeline analysis was constructed from data
derived from verbal protocol analyses (see Stanton et al.,
2013) supplemented by further critical decision-making
analyses (Crandall et al., 2006). Task time estimates were
derived from height vs. speed calculations during the
approach and validated from review of on-line approach
videos.

Subject-Matter Experts

A fully qualified, senior airline Captain with Boeing 777
type-rating provided the principal data for the timeline task
analyses. This was supplemented by data from two further
commercial pilots holding an Air Transport Pilot’s Licence
(ATPL; including dual qualified ATPL pilots with Test Pilot
qualifications) who also provided workload estimates.

Timeline Task Analysis Method

A timeline task analysis was derived from bottom-level tasks
(Kirwan & Ainsworth, 1992; Stanton et al., 2013). Initially a
high-level outline of the flight task under consideration was

Aviation Psychology and Applied Human Factors (2024), 14(1), 38-48
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Figure 1. Section of Excel predictive spreadsheet describing subtasks; duration; cognitive task category; subtask contribution to workload;
environmental contribution to workload; task conflict modifier; predicted workload value and Bedford workload rating.

elicited, in particular specifying the beginning and end
points for tasks. This was subsequently de-composed into
logical subtasks undertaken by the PF and if necessary,
these subtasks themselves were then subject to further
de-composition based on a classic input-process-output
model to help identify information sources, decisions,
communications (on board and with air traffic control, if
necessary), and control outputs made. These were then
arranged on a timeline with tasks being undertaken in par-
allel identified. Typical timings of the average duration for
all tasks and subtasks were estimated.

Subjective Assessment of Workload

Subject-matter experts were asked to make workload
assessments using a simple, unidimensional modified
Cooper-Harper scale (Bedford scale; Ellis & Roscoe,
1982). These measures were elicited for each of the major
tasks during takeoff and landing and approach. To increase
the sensitivity of the Bedford scale, especially at the lower
end, participants were allowed to make half ratings.
Bedford ratings were tied to specific actions in the timeline
task analysis to allow for the workload ratings to be syn-
chronized with the pilot’s activities.

Identification of the Nature of the Cognitive Tasks
The underlying cognitive activities in each task were iden-
tified using the set of descriptors and rated using the simple
4-point scale described Table 1. The cognitive nature of
each subtask was classified using the categories described
in Tables 2 and 3. Ratings for each bottom-level task were
completed independent of either the task context or any
concurrent tasks.

Aviation Psychology and Applied Human Factors (2024), 14(1), 38-48

Task Environment Assessment

The overall task environment’s contribution to workload
was assessed with reference to the list of antagonistic noun
pairs described in Table 5 and rated using the simple
3-point scale. Ratings were summed to produce an overall
environmental influence score.

Categorization of Subtasks

Subtask contribution to workload and the assessment of the
contribution of the task environment to workload was per-
formed by a subject-matter expert independent of those
providing the data for the task analyses and Bedford scale
workload ratings.

Predicted Workload

A section of the Excel data file describing the initial part of
the approach and landing flight segment is presented in
Figure 1. Each bottom-level subtask is described, given an
approximate duration, assigned to a cognitive task category,
and each subtask evaluated for its contribution to workload
(see exemplar in Table 6). Environmental contributions to
workload are evaluated as required (these may change
during the task; see exemplar in Table 7). When two
tasks are undertaken simultaneously the task conflict mul-
tiplier is assigned with reference to the matrix presented
in Table 4.

Output from the workload predictions plotted against
corresponding Bedford scale workload scores are presented
in Figures 2 and 3. For clarity, the approach and landing,
and landing roll-out segments, are depicted separately;

© 2024 Hogrefe Publishing
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Table 6. Exemplar of subtask contribution to predicted workload:
manual control flight path of aircraft in x and y axes (to within 0.25
dots) during middle stages of approach

Dimension Rating

Controlling 5
Visual information gathering and monitoring 3
Communicating and coordinating 0
Strategic planning 0
Data verifying 0
Total workload influence 8
MRT task category RS

Table 7. Exemplar of environmental influence estimates on input
workload estimates: environmental influences on workload for under-
taking a manual ILS approach during daylight in very light turbulence
(early stages of approach)

Dimension Rating
Simplicity/complexity 0
Accuracy/inaccuracy 0
Predictability/stability +1
Visibility/invisibility +1
Clarity/ambiguity 0
Velocity (rapidity) +1
Controllability/uncontrollability 0
Total environmental influence +3

however, all analyses were conducted on the aggregated
data.

As workload predictions were made on a task-by-task
basis, to produce a more meaningful workload profile (see
Figures 2 and 3) data were smoothed and depicted as a roll-
ing average over 10 subtasks. In general, the predicted
workload values were approximately 4 times higher than
the corresponding Bedford scale values (see Figures 2 and
3). Smoothed predicted workload values approximately mir-
rored those of the corresponding Bedford scale scores.

Discussion

This work describes the preliminary stages of the develop-
ment and proof of concept of a predictive workload. The
emphasis in the development of the technique was on pro-
ducing a method that was easy to use in the early stages of
design and that could be implemented without recourse to
complex software. The predictive modeling technique
developed produced workload estimates that corresponded
to workload estimates elicited using the Bedford scale. Fur-
thermore, the workload predictions were elicited from
straightforward task analysis timeline data that should be

© 2024 Hogrefe Publishing

available in the basic design documentation for most new
systems.

Many approaches to the validation of predictive workload
models have been based on assessing the relationship with
performance. Sarno and Wickens (1992) observed that
across the predictive models of workload, between 61%
and 77% of the variance in performance was accounted
for. Of the models assessed, TLAP (Parks & Boucek,
1989) produced the best performance.

It has previously been noted, however, that the relation-
ship between performance and mental workload is not a
straightforward one and is often mediated by other factors
(Mansikka, et al., 2019). Wickens et al. (2013) reported
much lower correlations of predicted workload with mea-
sures of cognitive workload elicited. Average correlations
were in the range of .21-.61, accounting for between
approximately 4.5% and 37% of the variance. The results
from the initial proof-of-concept evaluations in this study
show good correspondence between the predicted work-
load scores and Bedford workload scores. Comparing pre-
dictions against a known workload measure is essential
for establishing the predictive utility of the approach.

The approach described in this paper has the advantage
of producing a rolling prediction of workload that enables
the identification of potential workload peaks at an early
stage in the design process, thereby allowing for early re-
design of equipment and/or re-scheduling of tasks (predic-
tive workload redlines; see Rueb et al., 1994).

Conclusion

The predictive workload technique described is currently
restricted in its potential generalizability as a result of only
having been applied to a limited number of flight scenarios
and aircraft types, and also with a small sample size of par-
ticipants. At sustained periods of very low workload, other
measurement techniques to validate predictions against
may be required (Braby et al, 1993). Work is underway
to further develop the approach to establish stable regres-
sion coefficients for use in the next refinement of the pre-
dictive workload model calibrated against Bedford scale
estimates (Ellis & Roscoe, 1982), to establish its generaliz-
ability in a wider range of flight phases, and to further
assess the reliability of the task categorization and coding
phases in the modeling process. It is proposed to undertake
formal model validation (including statistical analyses) that
will include a wider range of normal, non-normal, and
emergency scenarios that impose higher levels of task
demand. Future scenarios will also incorporate the pre-
dicted effects of new flight deck equipment to estimate
their contributions to alleviating crew workload. The pre-
sent early iteration of the model produces relative estimates
of workload. However, the workload experienced in a given
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Figure 2. Manual approach segment (under auto-thrust) predictive workload model output (presented both as individual task predicted workload
ratings and smoothed workload ratings) plotted against corresponding Bedford scale workload rating data.
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Figure 3. Roll-out flight segment predictive workload model output (p
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context will also vary from person to person dependent on
individual differences (such as experience) and contextual
factors (such as fatigue). The next iteration of the model
will specifically include factors to incorporate these issues.
Future work could also include collecting Bedford workload

Aviation Psychology and Applied Human Factors (2024), 14(1), 38-48

Seconds
ford Rating == = Smoothed Total Predicted Workload

resented both as individual task predicted workload ratings and smoothed
ting data.

data in real time during simulated flight scenarios. The use
of simulated trials will allow for better replication and
manipulation of task and environmental factors and avoid
any potential safety issues associated with collecting data
during high-workload flight phases.

© 2024 Hogrefe Publishing
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