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EXECUTIVE SUMMARY

This document describes the development of a human factors tool for the assessment of the
impact on Mental Workload (MWL) of ATM systems. It also reports on the pilot study
conducted to examine the preliminary validation of the tool.

This document has been developed as part of a larger project entitled ‘Solutions for Human-
Automation Partnerships in European ATM (SHAPE) being carried out by the Human
Factors and Manpower Unit (DIS/HUM) of EUROCONTROL, today known as the Human
Factors Management Business Division (DAS/HUM).

SHAPE investigates specific human factors topics concerned with automation in ATM,
namely trust (see EATM, 2003a,b,c), situation awareness (see EATM, 2003d), teamwork
(see EATM, 2004a), experience and ageing (see EATM, 2003e, 2004b), future controller
skill-set requirements (see EATM, 2004c), recovery from system failure (see EATM, 2004d),
and a tool for the assessment of the impact of change in automated ATM systems on mental
workload (covered by this report).

A consortium comprising of UK National Air Traffic Services Ltd (NATS) and Det Norske
Veritas (DNV) conducted the work reported in this document.

Section 1, ‘Introduction’, outlines the background to the SHAPE Project, and the objectives
and scope of the document.

Section 2, ‘Assessment of the Impact of Automation on Mental Workload’, recaps why a tool
is required to assess the impact on MWL. It also states the objectives of the work package
and briefly outlines the work carried out in this work package.

Section 3, ‘Overview of AIM’, provides an overview of the tool, its scope, a short description
of the tool and what the AIM Tool consists of.

Section 4, ‘Rationale behind the Development Process of AIM and its Content’, describes
how the ‘Assessing the Impact on Mental workload (AIM)’ Tool and its different components
and versions were developed and constructed. It also explains the rationale behind the
various components of the tool. The final product, that is the MWL assessment tool, is
available separately.

Section 5, ‘Procedures for Using the AIM Tool', details the data collection process required
for AIM as well as the scoring process and interpretation of AIM. It also includes instructions
for administering AIM.

Section 6, ‘Construct Validity, Internal Consistency Reliability and General Usability of AIM’,
discusses the preliminary findings on the use of AIM, and its construct validity and internal
reliability.
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Section 7, ‘Key Achievements of the Work Package’, summarises the work package
achievements, the tool, a discussion on the tool, recommendations for further work on AIM,
and the future use of AIM.

References, Further Reading, a list of the Abbreviations and Acronyms used in this
document and their full designations, as well as the names of those who contributed to this
publication can be found at annex.

The literature reviews conducted in the work package and other theoretical background can
be found in appendices to the document. Copies of the AIM measure and its recording forms,
decision tree rating scales and instruction sheets are also appended (see Appendices F, L,
M, N and O). A description of the pilot study and the preliminary results are also appended
(see Appendix P).
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1.2

1.3

INTRODUCTION

Purpose

The purpose of this document is to provide a human factors tool for assessing
the impact of ATM system change on Mental Workload (MWL), which includes
ATM computer-assistance tools and other forms of automation support.

Scope

The document is intended to provide a description of the development of a
human factors tool for the assessment of the impact on MWL from ATM
systems. It also reports on the pilot study conducted to examine the
preliminary validation of the tool.

In addition, the deliverable aims to provide a resource in the form of a practical
tool for the assessment of the impact on mental workload for
EUROCONTROL project leaders and other project staff who are concerned
with MWL assessment. The assessment of the impact on MWL tool is
intended principally for deployment in real-time simulations of future ATM
systems.

Background

The work on mental workload presented in this module is embedded in a
larger project called ‘Solutions for Human-Automation Partnerships in
European ATM (SHAPE)'. The SHAPE Project started in 2000 within the
Human Factors Sub-Programme (HSP) of the EATMP Human Resources
Programme (HRS) (see EATMP, 2000) conducted by the Human Factors and
Manpower Unit (DIS/HUM) of EUROCONTROL, today known as ‘Human
Factors Management Business Division (DAS/HUM)'.

SHAPE is dealing with a range of issues raised by the increasing automation
in European ATM. Automation can bring success or failure, depending on
whether it suits the controller. Experience in the introduction of automation into
cockpits has shown that, if human factors are not properly considered,
‘automation-assisted-accidents’ may be the end result. SHAPE has identified
the following seven main interacting factors which need to be addressed in
order to ensure harmonisation between automated support and the controller:

Trust: The use of automated tools will depend on the controllers' trust. Trust is
a result of many factors such as reliability of the system and transparency of
the functions. Neither mistrust nor complacency are desirable. Within SHAPE
guidelines were developed to maintain a correctly calibrated level of trust (see
EATM 2003a,b,c).

Edition Number: 1.0
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Situation Awareness (SA): Automation is likely to have an impact on
controllers SA. SHAPE developed a method to measure SA in order to ensure
that new systems do not distract controllers' situation awareness of traffic too
much (see EATM, 2003d).

Teams: Team tasks and performance will change when automated
technologies are introduced (team structure and composition change, team
roles are redefined, interaction and communication patterns are altered).
SHAPE developed a tool to investigate the impact of automation on the overall
team performance with a new system (see EATM, 2004a).

Skill set requirements: Automation can lead to both skill degradation and the
need for new skills. SHAPE identifies new training needs, obsolete skills, and
potential for skill degradation aiming at successful transition training and
design support (see EATM, 2004c).

Recovery from system failure: There is a need to consider how the controller
will ensure safe recovery should system failures occur within an automated
system (see EATM, 2004d).

Workload: With automation human performance shifts from a physical activity
to a more cognitive and perceptual activity. SHAPE develops a measure for
MWL, in order to define whether the induced workload exceeds the overall
level of workload a controller can deal with effectively (covered by this report).

Ageing: The age of controllers is likely to be a factor affecting the successful
implementation of automation. Within SHAPE this particular factor of human
performance, and its influence on controllers' performance, are investigated.
The purpose of such an investigation is to use the results of it as the basis for
the development of tools and guidance for supporting older controllers in
successfully doing their job in new automated systems (see EATM, 2003e).
An additional report on a questionnaire-investigation throughout the European
Civil Aviation Conference (ECAC) area has also been produced (see EATM,
2004b).

These measures and methods of SHAPE support the design of new
automated systems in ATM and the definition of training needs. It also
facilitates the preparation of experimental settings regarding important aspects
of human performance such as potential for error recoveries or impacts of
human performance on the ATM capacity.

The methods and tools developed in SHAPE will be compiled in a framework
in order to assist the user in assessing or evaluating the impact of new
systems on the controller performance, efficiency and safety. This framework
will be realised as a computerised toolkit called the ‘SHAPE Toolkit' and is
planned to be available in 2004.

Page 4
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2.1

2.2

ASSESSMENT OF THE IMPACT OF AUTOMATION ON MENTAL
WORKLOAD

Introduction

The role and nature of the Air Traffic Control Officer (ATCO) tasks will almost
certainly change as a result of the inclusion of increased automation within the
ATM system. The ways in which automation impacts the controller may be
quite varied and complex. All of these effects need to be addressed in
advance and the human-automation partnership needs to be planned. By
doing this early in the development lifecycle of the automation it will be
possible to better gauge the impact that the automation will have on the
controllers’ performance and determine whether the system will in fact achieve
its anticipated benefits. Understanding the impacts on the controller more fully
and earlier also enables cost benefit trade-offs and different system options to
be considered before too much development is done ensuring that the right
system choices get made most effectively. Effective resolution of these
Human Factors (HF) issues will be key to ensuring the successful design and
implementation of this technology in ATM.

The Need for a Tool to Evaluate Impact of Automation on Mental
Workload

Development of technical capabilities of automation has been rapid and
opportunities for its implementation widespread. While the potential benefits of
automation cannot be disputed, especially economic benefits, trade-offs and
problems resulting from the use of automation exist. Two classes of problems
have been suggested in the literature (Parasuraman & Riley, 1997; Wickens,
Mavor & McGee, 1997; Woods, 1993; Woods, 1996). Some problems may be
the result of how the automated device is implemented in practice. These are
generally less serious and can be resolved by adequate, well-planned and
structured training. The other class of problems that is more insidious may
arise from unanticipated interactions between the components® of the work
system in which the automated system is implemented. One of the problems
in this class is the undesirable impact of automation on Mental Workload
(MWL).

A taxonomy-based methodology such as the SHAPE Automation Framework
described in EATM (2004c) can be used to analyse the automation and
predict what impact the automated system might have on the functions and
tasks of the controller. The particular value of the framework for predicting
workload is that it will allow the prediction of the impact of the automation on
the cognitive activities of the controller as well as the operational functions.

! The components of the work system consist of the human operator, the automated system and any
other system in the workplace.
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2.3

These predictions will, to some extent, allow the possible MWL impact of the
automation on the controller to be identified. However, it is important to be
able to confirm predictions made by the framework. It is also important to be
able to describe and explain the impact the automated system has on the
controller’'s workload before operational implementation, in order to be able to
contribute to the design and validation of the automation system or prepare for
the implementation process.

Hence, potential workload problems resulting from the use of automation
needs to be examined and understood as the design and/or implementation of
the automation progresses. There is a need for an evaluation technique
suitable and sufficient for assessing the impact on MWL. The technique needs
to take into account the functions being carried out and automated, as well as
the type of automation. The technigque also needs to consider the different
dimensions of mental workload and attempt to indicate workload due to these
different dimensions. This will enable more detailed diagnosis of workload
issues in order to better inform the design of the automation. The technique
required could be an entirely new tool for assessing MWL impact from
automation, a modification of an existing tool to fit this purpose, or a
combination of existing tools.

Work Package Objectives and Outline

The objective of the work package is to develop a tool appropriate for
assessing MWL in investigations into the impact of automation on controllers.
The requirement specifications for such a tool are as follows:

1. Multi-dimensional: Ability to evaluate the different dimensions of mental
workload to allow the analyst a more detailed diagnosis of mental workload
impacts.

2. Practical and usable: For easy and convenient application during real-time
simulations of ATM and in a typical Human Factors Laboratory.

3. Multi-scaled and diagnostic: Consists of measurement sub-scales for each
dimension of mental workload. This will enable a profile of MWL to be
produced. In addition, the evaluation of workload can be further simplified
or focused by using the appropriate sub-scale. The diagnosticity according
to the profile of MWL will then enable better insight into the design of
automation system with respect to MWL. Design recommendations and
changes can be focused and targeted onto the part of the system
responsible for the aspects of MWL affected.

4. Situation/design sensitive: Distinguishing load due to situational conditions
and due to automated tools.

5. Impact on spare processing capacity: With automation resulting in
increased sector capacity and traffic density, the time and mental capacity
available to formulate a response to problems and emergencies is
reduced. It is therefore important that the tool includes a capability to

Page 6
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indicate if the mental processing capacity of the controller has been
affected by the system and thereby increasing the risk of overload.

The options for the work package were:

(i) to construct an entirely new mental workload assessment tool,
(i) to adapt and modify an existing tool, or
(i) to produce a tool by combining two or more existing tools.

The work package began with the construction of an approach to guide and
structure the tool development process. The early stages of the work package
included a literature review of the impact of automation on workload and the
various workload concepts. The key concepts and core constructs for the
proposed workload evaluation were defined. The literature search was not
confined to the aviation industry. The decision was also made on a suitable
theoretical model of mental workload in ATM.

A review of existing MWL assessment tools was also carried out.
A simple system for assessing the suitability of each tool against defined
criteria was constructed. This assessment system enabled the review of
current methodologies, such as the Cooper-Harper Rating Scale, the Bedford
Workload Scale, the Honeywell Cooper-Harper Workload Rating Scale, the
Modified Cooper-Harper Rating Scale, the Subjective Workload Assessment
Technique (SWAT), the Zachary/Zachlad Cognitive Analysis, the National
Aeronautics and Space Administration Task Load Index (NASA-TLX), the
Performance and Usability Modelling in ATM (PUMA) and the Instantaneous
Self-Assessment (ISA). The system ensured that the assessment of suitability
across methodologies is consistent and fair. As a result of the review, the
decision was taken to construct a new tool for assessing the impact on MWL
rather than modifying one or a combination of existing tools. The latter half of
the work package consisted of the construction of the new tool and iterations
of refinements following several review group meetings, a trial use of the tool
and a small-scaled pilot study to examine the preliminary validity and reliability
of the new tool.

The output is a tool for assessing MWL in investigations into the impact of
automation on air traffic controllers.

Edition Number: 1.0
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OVERVIEW OF AIM

This section describes an overview of AlM; its scope, what it is able to do and
what it consists of. The overview of AIM provides a useful structure to

understand the development process and the rationale behind it. Readers may
understand the development process and why certain activities were
undertaken and how the product took shape if they had foresight of the tool

from the overview of AlM.

3.1

Scope

AIM was designed to provide assessments of the impact on controller MWL

from ATM system changes, as well as to meet the requirements specified in

Section 2.3. AIM as a tool was designed to be:

1. Multi-dimensional: Ability to evaluate different dimensions of MWL. AIM

allows the analyst to determine the MWL due to:

- different cognitive functions,
- the demands on different mental resource types.

It also partitions the MWL assessment according to mental effort required
and task difficulty. Mental workload impact due to differences in mental
effort required may have different design implications from MWL impact
due to task difficulty.

Multi-scaled and diagnostic: AIM consists of measurement sub-scales for
each dimension of MWL. This will enable a profile of mental workload
impact to be produced, that is a profile of MWL due to:

o different cognitive function groups, e.g. multitasking workload, memory
management workload, planning workload or decision-making
workload:;

o the demands on different mental resource types, e.g. visual mental
resources, spatial mental resource or verbal mental resources.

In addition, the evaluation of mental workload can be further simplified or
focused by using the appropriate individual cognitive function sub-scale.
The diagnosticity according to the profile of MWL will then enable better
insight into the design of automation system with respect to dimensions of
MWL. Design recommendations and changes can be focused and
targeted onto the part of the system responsible for the aspects of MWL
affected.

Practical and usable: For easy and convenient application during real-time
simulations of ATM and in a typical Human Factors Laboratory. AIM was
designed to require minimal resources to administer. There is no special
training required to administer AIM. The AIM Tool Set contains guidelines

Edition Number: 1.0
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3.2

for users to decide which version of AIM to use and how to score and
interpret the different versions of AIM. The tool set also includes a
computer-based tool which will automate the scoring of AIM.

4. Situation/design sensitive: Distinguishing mental workload as per
situational conditions or design of automated tools.

5. Impact on spare processing capacity: With ATM system change or
implementation of automation resulting in increased sector capacity and
traffic density, the time and mental capacity available to formulate a
response to problems and emergencies is reduced. It is therefore
important that AIM includes a capability to indicate if the ATM system
change may have a potential impact on the spare mental processing
capacity of the controller and thereby increasing the risk of overload.

Short Description

AIM is a subjective MWL assessment tool. It requires the subject to rate the
mental effort required for task performance and the difficulty of task
performance. Both are rated on a seven-point rating scale. Two types of rating
scales can be chosen according to experimental design: absolute and relative
rating scales. Both allow either absolute or relative judgement of MWL.

The rating scales are embedded in decision trees containing questions that
guide the subjects’ use of the rating scales to make their MWL ratings. The
MWL ratings are made on specific task items or defined cognitive function
groups (e.g. multitasking, planning or decision-making tasks). The decision to
use either the absolute or relative workload decision tree depends on the
design of the trial or simulation in which AIM will be used and the
simulation/trial equipment resources available (i.e. time, staff, simulation
resources, etc.). Table 1 is a decision table that can be used as a guideline for
deciding between absolute and relative workload decision trees.

Table 1: Guideline to decide between absolute and relative decision trees

Availability of baseline
design/equipment in trial/simulation
(current operational system or previous

design prototypes will be used in the trial
or simulated)

YES NO
Controllers are experienced Absolute workload Relative workload
: ) YES - L
users of baseline design/ decision tree decision tree
equipment (e.g. current
operatlonal e.qument or NO Absolute workload Not appropriate to
previous design prototypes) decision tree use AIM
Page 10 Released Issue Edition Number: 1.0
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3.3

There are three versions of AIM that can be administered to collect the mental
workload measurements. Each version varies in length and has different
purposes and allows the assessment and diagnosis of different aspects of
MWL. The decision to use one of the versions of AIM to assess the impact on
MWL depends largely on the resources available for measurement and
analysis. More importantly, the decision also depends on the objective of the
MWL assessment.

Table 2 is a decision table that can be used as a guide for deciding which of
the between different versions of AIM to use for different trial conditions.
AIM-Hi contains nine items on which subjects will rate mental workload using
one of the decision tree rating scale (chosen by the analyst or experimenter).
AIM-Hi only allows a high level and global assessment of mental workload.
AIM-Q contains 46 task items on which subjects will rate MWL. However, it
allows the most detailed assessment of MWL. AIM-Cog consists of nine
sub-tests, each of which can be administered individually. Each sub-test
assesses the mental workload of a cognitive function sub-scale (e.g. planning,
build and maintain situation awareness, memory management, etc.). The
number of items in each AIM-Cog sub-test range between four and eleven
items, on which subjects will rate MWL.

Table 2: Guideline to decide between the different versions of AIM

Objective of the Mental Workload (MWL) assessment
Detailed understanding of the impact on
MWL
High-level Specifi £ ;
i pecific |No specific| Processing
overview of | cognitive | cognitive | load on Imspagrteon
(overall MWL) | fynction | function mental pare
. . processing
group in | groupin | resource capacity
mind mind types
Limited )
resources (i.e. Yes AIM-Hi AIM-Cog - - -
time available for
measurement,
analysis, staff, No - AIM-Cog | AIM-Q AIM-Q AIM-Q
etc.)

What the Tool Consists of

This sub-section summarises the AIM Tool Set, that is the components
constituting the AIM Tool Set. The AIM Tool Set can be contained either in a
box folder or paper file folder, or in electronic folders on a 3.5’ (1.3 Mb) floppy
diskette. AIM Tool Set consists of five sections. These and the documents or
tool components which can be found in each section are listed below:
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‘Description of the AIM Tool Set’: This section contains a document which
describes AIM, its purpose and scope, and summarises the components
available, as well as the sections in the tool set.

‘Guidelines for using AIM’: This section contains a document describing
the guidelines for using AIM, i.e.:

which decision tree rating scale to use: absolute or relative,

- which version of AIM to use: AIM-Q, AIM-Hi or one of the AIM-Cog,
preparation and administering AIM,

scoring and interpreting AIM (incl. the electronic ‘AIM Scoring Tool’).

‘AIM decision tree rating scales’: This section contains one laminated A5
card of each of the decision tree rating scales, and an A4 sheet for each
decision tree rating scale with A5 cut-outs (suitable for laminating) of the
decision tree rating scale. These A4 sheets are also available in electronic
format for colour printing:

- AIM absolute workload decision tree,
- AIM relative workload decision tree.

‘AIM recording forms’: This section contains the recording forms for all
three versions of AIM. For each version of AIM there is a form for both
absolute and relative workload judgements:

- AIM-Q recording forms,
- AIM-Cog recording forms,
- AIM-Hi recording forms.

‘AlM instruction sheets (for subjects)’: This section contains the instruction
sheets which should be distributed to subjects with the recording forms for
all three versions of AIM. For each version of AIM there is an instruction
sheet for both absolute and relative workload judgements:

- AIM-Q instruction sheets,
- AIM-Cog instruction sheets,
- AIM-Hi instruction sheets.
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4.1

RATIONALE BEHIND THE DEVELOPMENT PROCESS OF THE AIM
TOOL AND ITS CONTENT

Approach for the Development

The use of models? of the human user has become an important research and
design tool in the study of human factors (HF) in ATM. The construction a
model in HF for any purpose is usually achieved using a modelling technique.
Modelling techniques may be characterised as having five elements (Timmer
& Long, 1996). These five elements can be used to evaluate different
techniques, compare different techniques against one another and also to
develop new techniques. This five-element approach was adapted and
modified for use as a framework to guide the development of a Mental
Workload (MWL) evaluation technique for automation impact. It is proposed
that in order to develop a tool for assessing the impact on MWL, the
development process needs to take into account the five elements:

1. A purpose and scope: To describe, explain or predict MWL. In particular,
the development processes need to establish which aspect or aspects of
MWL.

2. A theoretical model: A theoretical representation and explanation of some
aspect of MWL. This will not only provide a structural description of MWL
but also an explanation of the processes and/or factors that determine the
aspects of MWL decided above (in 1).

3. A methodology and representational format: The tool must have a
representational format. The methodology consists of how the tool will
measure and assess MWL. The representational format consists of: (i) its
actual physical representation, i.e. pen/paper-based or executable as a
computer program, (i) its content (task-based items, questionnaire-based,
decision tree, subjective rating scales, etc.) and (iii) its structure, i.e. single
scale or multiple sub-scales.

4. A data collection process: Procedures for collecting the data to assess the
workload, including the material and resources required to collect the data.

5. A scoring system and interpretation: Procedures to score the data, obtain
the estimates of workload for statistical analyses and interpret the resulting
estimates of the workload.

Each element represents a phase in the development process and determines
what the goals and activities of that development phase are and what the
output or decisions are as a consequence of the activities undertaken. Each of
the following sub-sections (4.2 to 4.4) will begin by describing what goals and
activities undertaken in the phase of the development process as well as

> A model is a representation of some respect of the human user that is constructed for a purpose.
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4.2

describe what the output or decisions are as a result. Section 5 will describe
the procedures set up and materials developed for the data collection process
and scoring and interpretation system of AIM Tool.

Purpose and Scope

The goal in this phase was to decide on the purpose and specify the scope of
AIM. The goal was not only to decide on the appropriate concept of MWL but
to specify ‘what’ aspects of workload to measure and ‘where’ (and thus ‘how’)
to measure the MWL.

The main activity consisted of two literature reviews. One was a literature
review of the impact of automation on workload to decide what the scope of
such a tool should be. The literature search was not confined to the aviation
industry. A summary of a literature review conducted on the impact of
automation on MWL can be found in Appendix A. In summary, the implication
from the literature review on the impact of automation on workload was that it
is essential that:

1. The concept of MWL is described well so that a decision can be made on
what mental workload constructs (i.e. what aspects of mental workload)
will be measured.

2. AIM should provide measurements on different dimensions of MWL, rather
than provide a single global measurement of MWL. These dimensions can
be along the different mental resources (e.g. spatial, verbal) required for
task performance in an automated system.

3. AIM is able to provide a profile of MWL according to the types of cognitive
functions in ATM.

The other was on the various mental workload concepts in the current
literature to define the key concepts and core constructs for the proposed tool.
The reason for this is that mental workload is a multidimensional and multi-
faceted concept. A review of literature on the concept of MWL was necessary
in order to examine and understand the various facets of MWL. Only then can
the decision be made objectively on what aspects of MWL should AIM
measure.

In summary, concepts of mental workload can be described as:
e The mental effort required to perform the tasks and the amount of
processing load on the various mental resources required by task

performance.

o A consequence of either task difficulty or the availability of mental
resources (that is increased or decreased spare processing capacity).

e The manifestations of mental workload (that is how MWL can be
observed). These are performance decrements or task inefficiencies.

Page 14
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Figure 1 illustrates the aspects of MWL and where each aspect is assumed to
occur in relation to the human-automation work system, i.e. in the mental
processing activities or physiological responses, in task performance or in the
Human-Machine Interactions (HMI) with the automated system.

Traffic events and
situations -
EFFORT
Automation Processing | Required
Functionalities Capacity
N Cogntive Physiological
- Processes processes
Processing| |
Load
Automated TR Human
System —relode || (ATCO)
Difficulty
Performance Task
decrements Efficiency
ATM Functions

Figure 1: What aspects of mental workload can be measured and where

As a result of the literature reviews on research in automation impact on MWL
and concepts of MWL, and a consultation process®, the purpose and scope of
AIM were decided as follows:

e to describe impact on mental workload and provide some diagnostic
explanation of changes in:
= MWL levels,
= type of MWL,
= distribution of MWL:
- among the cognitive functions,
- among the mental resources;

o focus on the impact on critical cognitive activities and likelihood of overload
situations;

o ‘what’ aspects of mental workload will be assessed: mental effort, task

difficulty, processing load (on mental resources) and spare processing
capacity;

o ‘where’: mental workload due to (i) cognitive functions, (ii) interaction with
automated system (iii) traffic and any other significant factors.

® Several meetings with HF specialists from EUROCONTROL Headquarters and Experimental Centre
(EEC) were held as part of the consultation process.
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4.3

Theoretical Model

The goal was to decide on the theoretical model of AIM. The main activity here
consisted of a literature review of the various theories of workload. A theory of
workload was selected based on the decisions and outcomes from Phase 1.
The theory will support the construction of the technique and provide a basis
for explaining the workload impact (i.e. ‘why’).

Several theoretical models were considered. Based on the purpose and scope
of the tool, as specified above, each theoretical model was reviewed against:

o Its suitability: Does its concept of mental workload account for the aspects
of mental workload that the AIM Tool seeks to measure?

e |ts utility to the purpose and scope: Does it explain mental workload due to
mental resource types and/or spare processing capacity?

o Its relevance to ATC: Does it account for mental workload due to multi-task
performance and how; is it able to explain differential mental workload due
to multi-task performance such as time-sharing and parallel task
performance?

The review concluded that the Multiple Resource Theory (MRT) model of
MWL (Wickens, 1980; Wickens, 1991) was suitable as the theoretical model
for AIM as is explained below. A brief description of the MRT can also be

found in Appendix B.

The MRT was chosen because of:

e |ts suitability with respect to how it describes MWL. Its concept of MWL
account for the aspects of MWL that the AIM Tool seeks to measure.

o Its utility to the purpose and scope of AIM. The MRT provides a structural
definition for different mental resources. It makes a distinction between
MWL due to these different mental resources. It provides an explanation
on how the variation in demands on different mental resource types can
affect MWL. In addition, it explains how spare processing capacity may be
affected by MWL demands from different mental resource types.

e Its relevance to ATC. The cusp of competent and efficient ATC involves
multi-task performance. MRT is able to describe and explain MWL due to
multi-task performance. It is able to explain why changes in task difficulty
and/or task structure (i.e. how the task is carried out) in one task may
affect MWL in multi-task performance. More importantly, it is able to
explain the phenomenon of time-sharing, in which two tasks, both of non-
trivial difficulty, can be performed concurrently with no performance
decrement, even though each can be shown to interfere with other
activities.
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4.4

44.1

Methodology and Representational Format

Introduction

The main activity here consisted of selecting a suitable format for AIM as well
as the construction of the content and structure for the tool. A review of
existing tools was carried out first, followed by a series of activities concerning
the actual construction of the tool.

A review of existing MWL assessment technigques and tools was conducted
after the purpose and the scope was defined and the MRT was selected as
the preferred theoretical model of MWL. The purpose of the review of existing
tools was to decide between:

() constructing an entirely new mental workload assessment tool for the
purpose and scope defined in Section 4.2;

(i) adapting and modifying an existing tool for the purpose and scope
defined;

(iii) constructing a new technique by combining two or more existing tools for
the purpose and scope defined.

A summary of the review on mental workload assessment techniques can be
found in Appendix C. The outcome of the review of existing tools can be found

in Appendix D.

Based on the outcome of the review of existing mental workload assessment
tools, the decision was made to construct AIM as an entirely new assessment
tool rather than develop AIM as a modification or combination of existing tools.

Most of the tools were unsuitable as they did not measure MWL with respect
to the type of cognitive function workload nor were they able to diagnose MWL
according to mental resource types, with the exception of PUMA. However,
some of these tools reviewed had positive aspects that could be used in the
development of AIM. These are described below:

1. Although PUMA, a mental workload modelling tool, was unsuitable as it
was difficult to implement and is resource intensive, its workload algorithm
based on the MRT and related resource channels classification and
conflict matrix were useful materials for the construction of the new tool.

2. The structure of NASA-TLX was useful, that is a sub-scale and score for
each aspect of workload. However, unlike NASA-TLX, the new tool will
focus on partitioning mental workload further into cognitive function groups
(for e.g. MWL due to planning tasks, decision-making tasks or
multitasking) and mental resources (for e.g. MWL due to visual resource
demands or spatial resource demands).
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4.4.2

3. SWAT (and Zachary/Zachlad Cognitive Analysis) uses specific tasks as
the item content in the tool, on which subjects rate the mental workload
demands. Using specific tasks as the items in the tool makes the items to
be rated easy and familiar to the subjects (i.e. controllers). Such items also
allow the subjects to focus their mental workload judgements on specific
task performance and situations. This may be easier rather than gross
global judgements over a work period. It is easier to make subjective
mental workload judgements of X, Y and Z than make a global judgement
of mental workload without the consideration of specific task performance,
especially if the mental workload experience for each of the X, Y and Z
task is different.

4. The decision tree rating scale format in Cooper-Harpers, Modified Cooper-
Harpers and Bedford workload tools was a useful and easy way to guide
respondents’ in their subjective ratings of mental workload.

Methodology

In order to satisfy the second requirement specification (in Section 2.3) which
is to have a tool that is easy and convenient to apply during real-time
simulations of ATM and in a typical Human Factors Laboratory, the decision
was made to adopt a subjective assessment technique for AIM. This will allow
to tool to be simple to use, easily portable and non-site specific, easy to
implement with minimum equipment requirements and specialised expertise
and resources. In addition, the subjective assessment technique is easy to
implement in a real-time ATM simulation as well as in prototyping simulations
of future ATM automated systems.

Although the decision was made to assess four different aspects of mental
workload (in Section 4.2), it was decided that subjective ratings would only be
made for mental effort required and task difficulty. The reasons were:

1. To keep the tool simple for use in simulations. The tool will be designed
such that evaluations of processing load on mental resources and spare
processing capacity will use the ratings on mental effort required and task
difficulty by implementing the theoretical assumptions of MRT (which was
the chosen theoretical model for the tool - see Section 4.3). This will be
discussed further in later sections on item content of the tool and
interpretation of the scores from the tool.

2. The difficulty of introspection with respect to what mental resources were
used. It is unfair to expect controllers completing the tool to understand
and clearly identify what the mental resources are and to rate the demand
on these mental resources.

3. The likelihood that the tool will be designed to be administered at the end
of a simulation run/trial, so that there will be no intrusion into task
performance during the run/trial. This will make it difficult for controllers to
meaningfully rate processing capacity for the entire duration run/trial.
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4.4.3

4. One of the implications from the review of existing tools suggested that it
was reasonably easy and meaningful for subjects to make subjective
ratings on the amount of mental effort invested and on how difficult task
performance was. These are common rating methods used in many of the
existing tools.

Following from the review of existing tools, it was decided that a decision tree
rating scale format would be used to guide the subjects' ratings. Hence, the
rating scales for mental effort and task difficulty will be embedded within a
decision tree.

Two versions of a decision tree rating scale were produced. Each decision
tree contained questions and two rating scales, one for mental effort and one
for task difficulty. The first version was an absolute workload decision tree
allowing subjects to make ratings of their experience of MWL. The second
version was a relative workload decision tree allowing subjects to make
comparative ratings of their MWL experience. This means that subjects can
rate how much required the mental effort was in the simulation/trial compared
to the current operational situation. A short description of the construction of
the rating scales and decision trees (both versions) can be found in

Appendix E.
Representational format

As the idea was to keep the tool easy-to-use and requiring no specialised
resources to administer it, it was decided that it would consist of a pen-and-
paper test. It has to be noted, however, that this choice does not rule out
electronic or computerised forms of the tool in future.

The item content of AIM consists of specific ATC-related cognitive tasks. MWL
ratings (on mental effort and task difficulty) are made on these tasks. Three
taxonomies were constructed for the list of cognitive tasks. The list of cognitive
tasks consisted of 46 items. Appendix F describes how the output from the
SHAPE work package on skill set requirements (see EATM, 2004c) was used
to construct the list of 46 task items for AIM. The development of the three
taxonomies is also described in the same appendix. The 46 task items can be

found in Appendix G.

The first taxonomy categorises the task items into nine cognitive function
groups. These are:

1. Multitasking 5. Build and maintain SA
2. Direct attention to information 6. Planning

sources
3. Take account of and process 7. Decision-making

external information
8. Diagnosing and problem solving

4. Memory management 9. Team awareness
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These nine cognitive function groups in the taxonomy and the associated task
items make up the nine sub-scales of AIM, allowing the assessment of MWL
due to specific cognitive functioning. The key for matching the task item to the
cognitive function groups can be found in Appendix H.

The second taxonomy for the AIM task items categorises the task items
according to the types of mental resource required. The mental resource types
are:

1. Encoding 5. Spatial
2. Central Processing 6. Visual
3. Response 7. Auditory
4. Verbal 8. Motor

The taxonomy of mental resources allows the diagnosis of mental workload
according to the demand on different mental resource types. The key for
matching the task item to the mental resource types can be found in

Appendix |.

The third taxonomy for the 46 AIM task items categorises the items according
to the degree of resource competition (or resource conflict). The categories
are High, Medium and Low. The key for matching the task item to the mental
resource types can be found in Appendix J. The degree of resource
competition taxonomy allows the assessment of MWL to be diagnosed
according the impact on spare processing capacity. The assumption is that the
greater the MWL demand, the greater the impact on spare processing
capacity. However, spare processing capacity is further affected and reduced
if there is a high degree of resource competition between the processing load
placed on the mental resources. Hence, the need to consider the degree of
resource competition in the tasks to infer the impact on spare processing
capacity.
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5.1

5.1.1

PROCEDURES FOR USING THE AIM TOOL

Data Collection Process

AIM is designed to be administered at the end of a work period. As it was
decided that AIM was to be a paper-based tool, there needed to be a data
collection form to administer the tool and instruction sheets for both the
subject and the user or experimenter.

AlIM recording forms

The following three versions of AIM recording were produced to provide users
a choice about how detailed the MWL assessment will be and hence a choice
of lengths of recording forms and data collection time. For each version there
are two types of recording forms, one for the absolute workload decision tree
and another for the relative workload decision tree:

1.

AIM-Q: Includes all 46 task items to be rated by the subject using the
decision tree rating scale (either the absolute or the relative version).
These items can be categorised later, after the data collection process,
into the nine cognitive function groups. They can also be categorised later
into the mental resource types. AIM-Q recording forms for both the
absolute and the relative workload decision trees can be found in

Appendix K.

AIM-Cogq: Consists of nine sub-tests, one for each of the nine AIM
cognitive function sub-scales, that is one for each cognitive function group
allowing the assessment of MWL due to a specific targeted cognitive
function group. These can be administered individually according to which
cognitive functions are to be measured. For example, if a small scale trial
were carried out on a new prototype of system change focused on
assisting the controllers in decision-making, the decision-making sub-test
could be administered for ease of administration and limitation of the
resources required. Each of the nine sub-tests of AIM-Cog recording forms
for both the absolute and the relative workload decision trees can be found

in Appendix L.

AIM-Hi: This version is an abbreviated test with only nine items, intended
to obtain a high-level and global assessment of the MWL due to the
different cognitive function groups. However, it does not allow any further
diagnosis into MWL due to mental resource types or specific task
performance. Each cognitive function group is used as an item to be rated
by the subject on mental effort required and difficulty. A simple but detailed
explanation of each item is provided to the subject. This version looks a bit
like NASA-TLX which provides subjects with descriptions of different
dimensions of workload (such as frustration level, temporal demand or
physical demand) and requires from them to make a global rating on each
dimension. The difference is that AIM-Hi requires global ratings on each
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5.1.2

5.2

5.2.1

cognitive function types. AIM-Hi recording forms for both the absolute and
relative workload decision trees can be found in Appendix M.

Instructions for subjects

Instruction sheets for subjects were produced. These should be distributed to
the subjects before the start of the trial or simulation to allow them time to read
the instructions and gain some degree of familiarity with the AIM Tool. The
instruction sheet should also be distributed with every administration of AlM.
Three versions of instruction sheets were produced; one for each version of
AIM. Similarly, for each version of the instruction sheet there are two different
copies; one for the administration of AIM using the absolute workload decision
tree and another for the administration of AIM using the relative workload
decision tree. The instruction sheet options can be found in Appendix N.

Scoring System and Interpretation

The development of AIM required the construction of a scoring system and
interpretation process.

Scoring system

AIM-Q is designed to measure the impact of automation on mental workload in
detail. That is the mental effort required for task performance and difficulty of
task performance. In addition, AIM-Q is designed to use the ratings on mental
effort and task difficulty to evaluate the impact on mental workload due to
different cognitive function groups and mental resource types, as well as to
evaluate the impact on spare processing capacity.

In order to obtain a profile of MWL due to the different cognitive function
groups and mental resource types, MWL scores for each function group and
resource type needs to be computed. Similarly, to predict the impact on spare
processing capacity, MWL scores for high resource competition task
performance needs to be computed.

The data collected by the AIM Tool is interval data so averages can be
computed and are meaningful for parametric statistical analyses and
interpretation. The scoring system of AIM-Q uses the average ratings of a
group of items as MWL scores (one each for mental effort and difficulty).

For example, the mental effort and difficulty MWL scores for multitasking
workload are the averages of the mental effort and difficulty ratings,
respectively on item numbers 1, 6, 8, 32, 33, 36 and 43. (The AIM-Q items
which belong to the multitasking group can be found in Appendix H.) The
mental effort and difficulty MWL scores for workload on response resources
are the averages of the mental effort and difficulty ratings, respectively on item
numbers 5, 8, 17, 18, 28 and 42. (The items that are in the response mental
resource type can be found in Appendix 1.)
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The mental workload scores for mental effort and task difficulty are computed
separately. One reason is to preserve the diagnosticity of the MWL scores.
Mental workload impact in terms of the difficulty of task performance and
mental effort have different implications on design recommendations for ATM
system. The other reason is insufficient evidence that these two aspects of
MWL are mutually exclusive and the relationship is additive.

Hence, individual subjects' ratings should preferably be scored accordingly
before the data are statistically analysed. That is for each AIM-Q administered
form the mental effort and task difficulty MWL scores for (i) each cognitive
function group, (i) each mental resource type and (iii) each resource
competition category must be computed prior to statistical data analyses.

An electronic scoring tool for AIM-Q was constructed for to automate the
scoring system. Instructions on how to use the ‘AIM-Q Scoring Tool’ can be
found in Appendix O. The AIM-Q scoring tool can used to score individual
completed recording forms. The tool is based on MS Excel. Hence, descriptive
statistics and simple statistical analyses can be carried out in the tool
immediately after the scoring of all individual completed forms. Alternatively,
the data (i.e. computed scores) can be copied onto another MS Excel
workbook and then exported to a statistical analysis programme (such as
Statistical Package for the Social Sciences (SPSS"), Statistical Analysis
System (SAS®), SYSTAT®, etc.).

Both AIM-Hi and AIM-Cog are designed as shorter versions of AIM-Q. There
is no need to score individual subjects' ratings on AIM-Hi before data analysis.
Subjects' ratings for the items on AIM-Hi can be entered directly into any data
analysis software programme* (e.g. MS Excel, SPSS, etc.). Similarly, for AIM-
Cog, the mental effort and difficulty ratings for the items on each sub-scale
can be analysed directly in the way chosen by the analyst or entered directly
into a data analysis software programme.

Interpretation

The differences between MWL scores of the categories in each of the AIM
taxonomies can be interpreted as differences in amount of effort required or
degree of difficulty. For example, Subject X's score on mental effort required
for ‘Planning’ performance in condition Z is 3 and his/her score on mental
effort required for ‘Planning’ performance in condition Y is 6. The interpretation
is that subject X reported more mental effort required for planning in condition
Y than condition Z. However, the data and scores in AIM do not allow
interpretation of the degree of the difference. That is, in the example cited, it is
not possible to infer that mental effort for planning in condition Y is twice as
much as condition Z.

* However, it is recommended that the MWL ratings be entered in MS Excel initially, organised in a
structure suitable for the specialised statistical analysis programmes and then exported into the
statistical analysis programmes. For example, for within-subject comparisons in SPSS data for levels
of within subject factors must be entered down under a column for each level.
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Inferences about the impact on spare capacity can be made using the
differences between mental workload scores on high resource competition
task performance. The higher the MWL score on high resource competition
task performance, the lower spare processing capacity available is. For
example, Subject X's score on mental effort required for high resource
competition tasks in condition Z is 3 and his/her score on mental effort
required for high resource competition tasks in condition Y is 6. Then the
inference is that subject X's spare processing capacity in condition Y is less
than that in condition Z. However, again the data and scores in AIM do not
allow interpretation of the degree of the difference. That is, in the example
cited, it is not possible to infer that spare processing capacity in condition Z is
twice as much as condition Y.
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6.1

CONSTRUCT VALIDITY, INTERNAL CONSISTENCY RELIABILITY
AND GENERAL USABILITY OF AIM

Introduction

This section reports on the preliminary findings and conclusions on the
construct validity, internal consistency reliability and general usability of AlM,
with respect to (i) using the decision tree rating scales, (ii) understanding the
task items, (iii) rating the MWL on each task item, (iv) average time taken to
complete AIM-Q and AIM-Hi, (v) the average time taken to score AIM-Q and
AIM-Hi and (vi) diagnosticity of AIM.

Construct validity of a measurement tool can be defined as the degree to
which inferences can legitimately be made from the measurements about the
theoretical constructs that the tool measures (Trochim, 2000). That is how well
does AIM measurements reflect MWL in ATC, does AIM measure MWL and it
AIM sensitive to the differences in MWL and is AIM able to diagnose the
impact on MWL. There are six types of construct validity: (i) face validity, (ii)
content validity, (iii) concurrent validity, (iv) convergent validity, (v) discriminant
validity and (vi) predictive validity. To demonstrate that AIM has overall
construct validity it is essential to show that each type of construct validity has
been ensure and satisfied. Sections 6.2 to 6.6 will report on the conclusion on
each type of construct validity for AIM. Convergent and discriminant validities
are presented and discussed in 6.5.

A pilot study was designed purposefully to investigate the preliminary
construct validity and internal consistency reliability of AIM, as well as examine
the general usability of AIM-Q and AIM-Hi. The types of construct validity
investigated in the pilot study were concurrent, convergent, discriminant and
predictive validity. The paradigm used to establish if there is evidence of
validity is the degree to which observed findings or differences in the study
matches the reasonable hypotheses that what can be found about mental
workload or what differences can be expected between the conditions
manipulated in the study. For example, if there is reasonable basis to expect
that a true difference in mental workload exists between condition X and Y,
then AIM should show that difference. However, if there is no reasonable
basis to expect a difference in MWL between condition X and Y (i.e. the
possibility that there is no real difference between the two conditions), then it
is unfair to expect AIM to demonstrate a difference.

A short explanation of each of these four types of construct validity and how to
demonstrate each of them is provided in Appendix P. The pilot validation study
and the results of the study are also reported in Appendix P. Face validity and
content validity are usually examined subjectively and analytically and will be
discussed in Sections 6.2 and 6.3.

The internal consistency reliability of AIM is reported in 6.7 and the general
usability of AIM is discussed in 6.8.
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6.2

6.3

6.4

Section 7 will discuss further implications of the findings and conclusions, and
will provide some recommendations on the future work on AlM.

Face Validity

Face validity refers to extent to which the users of the tool and other Subject
Matter Experts (SMEs) perceive the tool to be measuring what it purports to
measure. That is controllers and other SMEs perceive or feel that the items
and rating scale is adequate for rating their subjective experience of mental
workload and that the tool reflects MWL accurately. Although this the weakest
way to try to demonstrate validity of a measurement tool, it can be useful for
operational acceptance.

During the pilot study and the trial use of AIM-Hi in a prototyping simulation,
controllers reported that the list of task items were sensible and
comprehensible. They also found the decision tree and rating scales easy to
use. The rating scales were found to be intuitive once the controllers were
familiar with them. Controllers felt that they were able to use the decision tree
and ratings scale to make judgements on their experience of mental workload.

Content Validity

Content validity refers to the extent to which the content of the measurement
tool reflects the theoretical constructs it purports to measure and the extent to
which the methodology of the tool is appropriate for the measurements.
Developing the tool in a systematic way can ensure content validity and by
making sure that the development of the tool is theoretically sound.

An approach was constructed to ensure that the development of AIM is
systematic. The development of AIM also depended on the conclusions from
various literature reviews and the implications of the findings from these
literatures. The construction of the content of the tool was also based on these
reviews as well as the MRT, which was selected as the theoretical framework
for AIM. Frequent and regular reviews by domain HF experts were also held to
ensure that the approach taken to develop and construct AIM was valid and
sensible.

Concurrent Validity

Concurrent validity refers to the ability of the measurement tool to distinguish
between two groups, which are theoretically different in the construct to be
measured. That is AIM is able to discriminate between different MWL levels.
To demonstrate this ability and ensure that AIM can distinguish between
different workload levels, AIM should at least be able to discriminate between
situations where there is clearly a difference in MWL levels. For example,
between different traffic levels, different traffic and sector complexities and
between different operational roles. The sensitivity of AIM can be
demonstrated if AIM is able to discriminate between situations which are

Page 26

Released Issue Edition Number: 1.0



A Tool for tl

he Assessment of the Impact of Change in Automated ATM Systems on Mental Workload

similar but may be different in terms of levels controller MWL. For example,
amount of automated assistance, changes in operational procedure, increase
in staff support.

Traffic levels and sectors were manipulated to create trial conditions where
MWL levels are clearly different. In addition, the percentage of aircraft in the
traffic sample which were datalink equipped created trial conditions which
were highly similar, i.e. the only difference being the amount of automated
assistance the controller was able to use. That is the impact of the automated
assistance on controller MWL. Thus, in order to show concurrent validity, AIM
should be able to sufficiently discriminate between the traffic levels, sectors
and amount of automated assistance with respect to the MWL levels.
Evidence of concurrent validity depends on the extent to which observed
differences in AIM mental workload scores between traffic levels, sectors and
amount of automated assistance match the expected differences in MWL for
these factors.

There were 25 significant differences (p<0.05) found between traffic levels in
AIM MWL scores. That is 70% of the expected differences between traffic
levels were observed in the pilot study (i.e. observed differences which were
statistically significant). This suggests that there is evidence that AIM was able
to discriminate between high and low traffic levels, with respect to MWL levels.

All of the expected differences between East and West sectors were observed
in the pilot study (i.e. observed differences which were statistically significant;
p<0.05). This suggests that there is evidence that AIM was able to
discriminate between East and West sectors, with respect to MWL levels.

There were nine significant differences (p<0.05) found between varying
amounts of automated assistance and AIM MWL scores. That is 56% of the
expected differences between varying amounts of automated assistance were
observed in the pilot study (i.e. observed differences which were statistically
significant). This suggests that there is evidence that AIM was able to
discriminate between varying amounts of automated assistance.

Discussion on concurrent validity

Table 3 displays a summary of the percentage of observed differences found
in the study, which match the expected differences. The table also displays in
parenthesis the number of observed differences found in the study, which
matched the expected differences as a fraction of the total number of
expected differences.

Table 3: Summary of the percentage of observed differences found in the
study, which match the expected differences

Traffic levels Sector Degree of automated assistance

70% (25/36) 100% (4/4) 56% (9/16)
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6.5

The percentage of expected differences observed in the study was not as high
as those for traffic levels and sector. There are a few issues that may have
contributed to this. The first issue is the different impact that the automated
assistance has on the different sector. The MWL scores reported by the
controllers suggest that on East sector the MWL was larger for higher amount
of automated assistance than that for lower amount of automated assistance.
On the other hand, MWL scores reported by the controllers suggest that on
West sector the MWL was smaller for higher amount of automated assistance
than that for lower amount of automated assistance. This could result in the
lack of significant differences between levels of automated assistance in the
overall MWL comparison across sectors.

The next issue is that the impact on MWL between 50% and 95% of datalink-
equipped aircraft is marginal. It is possible that the utility of the automated
tools evens out at a certain percentage of datalink-equipped aircraft. It this is
true, then the difference in the impact is marginal. Although significant
differences were found in West sectors for both difficulty and mental effort
MWL scores, only difficulty MWL score was significantly different in East
sector. On the physiological measurements, a significant difference in pupil
diameter® was found in East sector but no significant difference in MWL was
found in Heart-Rate Variability (HRV) measurements. It may be prudent to
examine this potential effect and investigate further the differences in mental
workload between varying amounts of automated assistance from datalink
technology by replicating this study using different percentages of datalink-
equipped aircraft (e.g. 5%, 25%, 50%, 75%. and 95%).

Lastly, the controllers who volunteered to participate in the study did not have
prior experience in using datalink technology. They were given a briefing and
explanation on datalink technology and two training trials. The controllers
expressed that this was insufficient and they had difficulties using the datalink
technology because they were unfamiliar with the graphical user interface of
the tools available in the system and what functions and assistance were
available for them to use.

These issues needs to be considered and examined in further validation
research on AIM and will be discussed further in Section 7.

Conclusion: The observed results and findings suggest that AIM has fairly
good concurrent validity.

Convergent and Discriminant Validities

Convergent validity refers to the extent to which measures of the same
constructs, which theoretically should be related to each other, are in fact
observed to be related to each other (Trochim, 2000). The measures of mental
workload from AIM should correlate highly or show convergence with

® Pupil diameter was measured only on East sector were
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measures of MWL from other assessment tools that purport to measure
mental workload.

Discriminant validity refers to the extent to which measures of other constructs
are observed not to be related to each other (Trochim, 2000). The measures
of mental workload from AIM should not correlate highly or show divergence
from assessment tools that do not measure MWL.

In the pilot study conducted to investigate the preliminary validity of ATM only
measurements of physiological activity were taken. No other subjective
assessment tool was used because of the time constraints between measured
trials and on the duration of the study. The three physiological measurements
were:

() Heart Rate (HR) or Inter-Beat Interval (IBI): Heart rate or IBI has been
used in other workload research studies. Several research studies have
found that manipulation in MWL may not affect HR/IBI while
manipulations in physical workload are likely to affect HR/IBI. That is
HR/IBI as workload indicators are sensitive to physical workload
changes rather than mental workload changes. However, HR/IBI are
very sensitive also to other physiological reactions, bodily functions and
motor responses (e.g. physical limb movements and vocal responses).

(i) Heart-Rate Variability (HRV): HRV has been increasingly used in other
workload research studies. Several research studies have found that
manipulations in mental workload are more likely to affect HRV than
HR/IBI. That is HRV is more sensitive than HR/IBI as an indicator of
mental workload changes. Nevertheless, similar to HR/IBI, HRV
measurements have been shown to be very sensitive to other
physiological reactions and may be affected by these physiological
responses bodily functions and movements.

(iif) Pupil diameter: Pupil diameter has been used in other research studies as
an indicator of mental workload. Research findings on the sensitivity and
utility of pupil diameter as a measurement of mental workload has been
mixed, as pupillary responses vary according to other physiological
reactions and environmental changes, apart from mental workload.

In the pilot validation study pupil diameter and HRV were used as convergent
measures and IBI was used as a discriminant measure. Thus, in order to show
convergent validity, AIM should correlate highly (with statistical significance)
with pupil diameter measurements and HRV measurements and to show
discriminant validity AIM should not correlate significantly with IBI (i.e. no
statistically significant correlations). Evidence of convergent and discriminant
validity depends on the extent to which observed correlation coefficients
between AIM mental workload scores and pupil diameter, HRV and IBI match
the expected correlations.

Table 4 provides a summary of the percentage of observed significant
correlation found in the study, which matches the expected correlation. In
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6.6

brackets is the number of observed differences found in the study, which
matched the expected differences as a fraction of the total number of
expected differences.

Table 4: Summary of the percentage of observed significant correlation
found in the study, which match the expected correlation

Convergence with Convergence with Diveraence from IBI
Pupil diameter HRV 9
78% (14/18) 33% (6/18) 83% (15/18)

In summary, fourteen significant correlation coefficients between AIM mental
workload scores and pupil diameter were found, meaning that 78% of the
expected correlations were observed in the pilot study (i.e. observed
correlation coefficients which were statistically significant). On the other hand,
only six significant correlation coefficients between AIM mental workload
scores and HRV measurements were found, meaning that 33% of the
expected correlations were observed in the pilot study. This suggests that
there is evidence that AIM has good convergence with pupil diameter but poor
convergence with HRV measurements.

In addition, only three significant correlation coefficients between AIM mental
workload scores and IBI measurements were found, meaning that 83% of the
expected correlations were observed in the pilot study (i.e. observed
correlation coefficients that were not statistically significant). This suggests
that there is evidence that AIM has good discriminance from IBI
measurements.

Predictive Validity

Predictive validity refers to the ability of the measurement to predict something
it should theoretically be able to predict. AIM was designed to be able to
indicate whether the system change has an impact on the spare processing
capacity of the controller. This means that, if the system change imposes an
increase in mental workload on task performance which involves high
resource competition/conflict, the spare processing capacity of the controller
will potentially be reduced by the system change. To demonstrate this ability
AIM should at least be able to predict in situations where there is clearly an
impact on spare processing capacity.

In summary, five significant predictions on spare processing capacity were
found. That is 83% of the expected predictions were observed in the pilot
study (i.e. observed predictions which were statistically significant). This
suggests that there is evidence that AIM has fairly good predictive validity.

Page 30

Released Issue Edition Number: 1.0



A Tool for the Assessment of the Impact of Change in Automated ATM Systems on Mental Workload

6.7

6.8

Internal Consistency Reliability

Significant internal consistency reliability estimates (p<0.01) were found for
AIM-Hi, AIM-Q and all of the AIM-Cog sub-tests. The results suggest that the
items in AIM-Hi are consistent in their measurements. Similarly, the results
suggest that the items in AIM-Q are consistent in their measurements. Finally,
the results for the AIM-Cog sub-tests suggest evidence that the items in each
sub-test are consistent in their measurement. The findings indicate good
internal consistency reliability in AIM.

General Usability Issues

Controllers were given the instruction sheet on how to use the decision tree
rating scale. They reported that instruction sheet explains adequately how to
use the decision tree rating scale. They found the rating scales easy to use
and very quickly became familiar with the decision tree. They reported that
they did not have any difficulties understanding the ratings and their
definitions. They appreciated the wide range of choice for rating their mental
workload.

The task items in AIM-Q were very familiar tasks to the controllers and very
recognisable. This made the rating of the mental workload on each task item
easier than expected. Most of the task items and the verbs used in the task
items were sufficiently easy to understand and translate, except for the words
‘Recognise’ and ‘Identify’. Controllers felt that these two words mean the same
and hence, the task items are perceived to be similar.

The definitions provided for the AIM-Hi items were understandable and the
controllers did not report any difficulties making global mental workload ratings
on the cognitive function groups.

The controllers were initially given thirty minutes to complete AIM-Q. The first
two occasions when AIM-Q was administered the controllers took between 25
and thirty minutes to complete AIM-Q. However, as they became more familiar
with the AIM-Q items and the decision tree rating scales, the controllers took
less time to complete AIM-Q. By the second half of the study (fifth measured
trial onwards) the average time taken to complete AIM-Q was fifteen-twenty
minutes. Similarly with AIM-Hi, controllers progressively took less time to
complete as the study progressed. By the second half of the study the
average time taken to complete AIM-Q was approximately five minutes.

After the data collection process, data from AIM-Q recording forms had to be
scored before the statistical analyses. The average time taken to score each
AIM-Q form using the ‘AIM-Q Scoring Tool’ was approximately five minutes.
However, the time taken depended largely on the analyst skill in data entry in
MS Excel and his/her familiarity with MS Excel.

In the pilot study AIM-Hi was used as a global assessment of mental workload
even though each item on AIM-Hi was a cognitive function group, because
there were not enough subject numbers to analyse mental workload from AIM-
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Hi data according to the different cognitive function groups. However, if the
sample size was sufficiently large, mental workload could be diagnosed
according to the different cognitive function workload.

On the other hand, AIM-Q was used to diagnose mental workload assessment
further according to its cognitive function workload profile as well as the profile
of the demands on the different mental resource types. The diagnostic ability
of AIM allowed the assessment of the distribution of mental workload impact
amongst cognitive functions and mental resource types. Even though pupil
diameter measurements showed similar significant differences in mental
workload, the assessments were global and no further diagnosis about mental
workload could be easily made from the pupil diameter measurements. That is
without conducting an incident/task analysis of each measured trial and
analysing the video recordings and the pupil diameter measurements to match
incidents/tasks in each trial to the pupillary recordings.

In addition, the assessment of mental workload impact on high resource
competition task performance allowed predictions on the potential impact on
spare processing capacity.
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7.1

KEY ACHIEVEMENTS OF THE WORK PACKAGE

This section summarises all the key achievements of the work package. This
includes all the key products of the work package and the key findings of and
conclusions from the pilot validation study. The section ends with a
sub-section on further implications of the work package, and future work.

Key Products

The main product resulting from the work package is a tool for evaluating the
impact on Mental Workload (MWL) from automated ATM systems. The tool is
called Assessment of the Impact on Mental workload or AIM. The tool is able
to provide assessments of MWL according to different dimensions for detailed
diagnosis of mental workload, that is:

1.

The ability to evaluate different dimensions of mental workload. AIM allows
the analyst to determine the mental workload due to:

- different cognitive functions,
- the demands on different mental resource types.

AIM also partitions the mental workload assessment according to mental
effort required and task difficulty. Mental workload impact due to
differences in mental effort required may have different design implications
from mental workload impact due to task difficulty.

AIM has measurement sub-scales for each dimension of mental workload.
This will enable a profile of MWL impact to be produced. That is a profile of
MWL due to:

o different cognitive function groups, e.g. multitasking workload, memory
management workload, planning workload or decision-making
workload;

e the demands on different mental resource types, e.g. visual mental
resources, spatial mental resource or verbal mental resources.

In addition, the evaluation of MWL can be further simplified or focused by
using the appropriate individual cognitive function sub-scale. The
diagnosticity according to the profile of mental workload will then enable
better insight into the design of automation system with respect to
dimensions of mental workload. Design recommendations and changes
can be focused and targeted onto the part of the system responsible for
the aspects of MWL affected.

AIM was designed to require minimal resources to administer. There is no
special training required to administer AIM. The AIM Tool Set contains
guidelines for users to decide which version of AIM to use and how to
score and interpret the different versions of AIM. The tool set also include
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an computer-based tool which will automate the scoring of AIM. This
makes AIM an easy and convenient tool to apply during real-time
simulations of ATM and in a typical Human Factors Laboratory.

6. AIM includes an indicator of the extent to which mental workload report is
attributable to the automated system or traffic/situational conditions. This
allows the analyst to distinguish MWL due to situational conditions and due
to the design of automated tools.

7. AIM includes a capability to indicate if the ATM system change may have a
potential impact on the spare mental processing capacity of the controller
and thereby increasing the risk of overload.

AIM is a subjective MWL assessment tool. It requires the subject to rate the
mental effort needed for task performance and the difficulty of task
performance. Both are rated on a seven-point rating scale. Two types of rating
scales can be chosen according to experimental design: absolute and relative
rating scales. Both types allow either absolute or relative judgement of mental
workload.

The rating scales are embedded in decision trees containing questions that
guide the subjects’ use of the rating scales to make their mental workload
ratings. The MWL ratings are made on specific task items or defined cognitive
function groups (such as multitasking, planning or decision-making tasks).

The decision to use either the absolute or relative workload decision tree
depends on the design of the trial or simulation in which AIM will be used and
the simulation/trial equipment resources available (i.e. time, staff, simulation
resources, etc.). Guidelines on deciding which decision tree rating scale to use
are provided in the AIM Tool Set.

Three versions of AIM can be administered to collect the MWL measurements.
This allows flexibility to the users in their assessment of the impact on MWL.
Each version varies in length, and has different purposes and allows the
assessment and diagnosis of different aspects of mental workload. The
decision to use one of the versions of AIM to assess the impact on mental
workload depends largely on the resources available for measurement and
data analysis. More importantly, the decision also depends on the objective of
the MWL assessment. Guidelines on deciding which version to use are
provided in the AIM Tool Set.

Instructions sheet for subjects and guidelines on the preparation and
administration of AIM are provided in the AIM Tool Set.

Guidelines on how to score AIM recording forms (all versions) and how to
interpret AIM mental workload scores are provided in the AIM Tool Set.
In addition, a computer-based tool was produced for scoring AIM-Q (the
longest version of AIM) and is also provided in the AIM Tool Set.

The AIM Tool Set is available electronically or as a hard copy.
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7.2

Key Findings and Conclusions

There is subjective evidence of face validity in AIM based on controllers’
subjective reports after use of the tool. In addition, constructing an approach to
ensure that the development of AIM has a theoretical basis and is systematic
ensured content validity. The development of AIM also depended on the
conclusions from various literature reviews and the implications of the findings
from these literatures. The construction of the content of the tool was also
based on these reviews, the MRT, accepted mental workload algorithms from
PUMA and output from SHAPE work package on skill set requirements (see
EATM, 2004c). Frequent and regular reviews by domain human factors
experts were also held to ensure that the approach taken to develop and
construct AIM was valid and sensible.

Overall, the preliminary validation of AIM provided sufficient evidence to
conclude that AIM has fairly good construct validity. The pilot validation study
found that AIM could discriminate between differences in overall mental
workload levels in various conditions; different traffic levels, different sectors
and different amount of automated assistance.

Reasonable hypotheses about true differences in mental workload
distributions can be expected only in the traffic level conditions. That is there
are real and actual differences between traffic levels in the mental workload
levels among cognitive functions and in mental resource types. Hence, the
ability of AIM to discriminate between different mental workload levels
amongst cognitive functions and mental resources was explored further as it
was fair to expect that these differences will be observed in the study. The
study found sufficient evidence that AIM was able to diagnose mental
workload between traffic levels according to these dimensions.

In the pilot study it was not possible to establish reasonable expectations
about true differences in mental workload distributions between sectors. That
is it was not possible to assume that there are actual differences between
sectors in the mental workload levels among cognitive functions and in mental
resource types. Without prior task analysis of both sectors to establish what
the differences are between task performances required of either sector, there
was no reasonable basis to expect what the actual differences in cognitive
function workload and mental resource demand between sectors may be.

Similarly, it was not possible to establish reasonable expectations about true
differences in all the mental workload distributions between different amount of
automated assistance. That is it was not possible to assume that there are
actual differences between different amount of automated assistance in the
mental workload levels among the cognitive functions (except for decision-
making) and in all of the mental resource types. It was reasonable to expect a
difference in decision-making as almost all of the processes required for
decision-making were predicted to be affected by datalink technology by the
SHAPE Automation Framework (see EATM, 2004c). A methodological issue
faced by the study is the basic assumption that there is a difference between
the automated assistance conditions. That is there is a difference between
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7.3

50% and 95% of datalink-equipped aircraft present in the sample. It is possible
that the datalink technology used in the study has a marginal utility effect
(i.e. beyond a certain percentage of datalink-equipped aircraft present, there is
no added benefit to be gained from datalink technology). It was not possible
within the scope of the study to rule out this out or examine where the ceiling
may be if such an effect existed.

The convergence validity with pupil diameter was good and there is sufficient
evidence to conclude that the discriminant validity was also good. However,
the convergence with cardiac activity was poor. Convergence of AIM mental
workload scores with HRV was found only in multitasking, direct attention and
memory management functions and response, verbal and auditory mental
resources. This is consistent with literature which suggests that cardiac
monitoring as a workload measurement technique is more sensitive to
physical workload and changes in physiological and muscular responses. The
cognitive functions such as multitasking and directing attention usually
involves overt actions like head, eye and limb movement. In addition, mental
resources for responding, hearing and speaking involve physiological
reactions and changes.

Further Implications and Future Work

Given the methodological difficulties in the pilot study and the constraints
placed on the design of the pilot study, there is evidence of fairly good
construct validity and internal reliability in AIM.

However, further validation work should be carried out with larger subject
numbers and further replication of the validity investigations carried out in the
pilot study. Future replications should include a wider range of percentages of
datalink-equipped aircraft present, in order to examine the marginal utility
effect of the datalink technology. In addition, future validation work should use
different types of automated systems to explore the ability of the other
cognitive function sub-scales to discriminate between the impact on mental
workload in automated ATM systems. For the purpose of validation research,
it may also be advisable to use a study design where the difference in impact
on mental workload is compared with a baseline system.

Future validation work should include other subjective assessment tools as
convergent and discriminant validity measures. In addition, future
investigations could include other types of ATM system change.

Further work can also be done to examine the task item groupings and make
potential changes to the task item grouping to strengthen further the validity of
AIM. If and when the PUMA conflict matrix is revised, then task item grouping
for high resource competition task performance should be revisited.
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ABBREVIATIONS AND ACRONYMS

For the purposes of this document the following abbreviations and acronyms

shall apply:

AIM

AIM-Cog

AIM-Hi

ATC

ATCO

ATLAS
ATM
AWAS
BR
CTAS
CWS

DAP

DAS

DAS/HUM or just HUM

DIS

DIS/HUM or just HUM

DNV

A tool for the Assessment of the Impact on Mental
workload (EATM(P), HRS, HSP, SHAPE)

AIM-Cognitive (EATM(P), HRS, HSP, SHAPE; a
version of the AIM Tool)

AIM-High-level (EATM(P), HRS, HSP, SHAPE; a
version of the AIM Tool)

Air Traffic Control

Air Traffic Controller / Air Traffic Control Officer
(US/UK)

Air Traffic Land and Airborne System (EU)
Air Traffic Management

Aircrew Workload Assessment System
Blink Rate

Controller TRACON Automation System
Controller Workstations

Director(ate) ATM Programmes (EUROCONTROL
Headquarters, SD)

Director(ate) ATM Strategies (EUROCONTROL
Headquarters, SD)

Human Factors Management Business Division
(EUROCONTROL Headquarters, SD, DAS; formerly
known as ‘DIS/HUM’ or just ‘HUM")

Director(ate) Infrastructure, ATC Systems and
Support (EUROCONTROL Headquarters, SDE)

Human Factors and Manpower Unit
(EUROCONTROL Headquarters, SDE; formerly
stood for ‘ATM Human Resources Unit’; today
known as ‘DAS/HUM’ or just ‘HUM’)

Det Norske Veritas
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DSE Display Screen Equipment

EATCHIP European Air Traffic Control Harmonisation and
Integration Programme (later renamed ‘EATMP’ and
today known as ‘EATM")

EATM(P) European Air Traffic Management (Programme)
(formerly known as ‘EATCHIP’)

ECAC European Civil Aviation Conference

ECG Electro-CardioGram

EEC EUROCONTROL Experimental Centre (France)

EEG Electro-EncephaloGram

EMT Eye-Movement Tracking

ET Executive Task (EATCHIP)

EU European Union

FDP Flight Data Processing

FDPS FDP System

FPS Flight Progress Strip

GUI Guidelines (EATCHIP/EATM(P))

HFFG Human Factors Focus Group (EATM, HRT; formerly
known as ‘HFSG’)

HFSG Human Factors Sub-Group (EATCHIP/EATMP,
HRT; today known as ‘HFFG’)

HR Heart Rate

HRS Human Resources Programme (EATM(P))

HRT Human Resources Team (EATCHIP/EATM(P))

HRV Heart-Rate Variability

HSP Human Factors Sub-Programme (EATM(P), HRS)

HTLA High Traffic and Low Automation

HUM Human Resources (Domain) (EATCHIP, EATMP)

IBI Inter-Beat Interval

ISA Instantaneous Self-Assessment
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LTHA
LTLA
MRT
MS
NASA

NATS
OTA
PD
PUMA
REP
SAS
SD

SDE

SHAPE (Project)

SME
SPSS

ST
SWAT
TLX
TRACON
URET
WAT

Low Traffic and High Automation
Low Traffic and Low Automation
Multiple Resource Theory
MicroSoft

National Aeronautics and Space Administration
(US)

National Air Traffic Services Ltd. (UK)
Observational Task Analysis

Pupil Diameter

Performance and Usability Modelling in ATM
Report (EATCHIP/EATM(P))

Statistical Analysis System

Senior Director, EATM Service Business Unit
(EUROCONTROL Headquarters; formerly known as
‘SDE’)

Senior Director, Principal EATMP Directorate, or, in
short, Senior Director(ate) EATMP
(EUROCONTROL Headquarters; now known as
‘SD’)

Solutions for Human-Automation Partnerships in
European ATM (Project) (EATM(P), HRS, HSP)

Subject Matter Expert

Statistical Package for the Social Sciences
Specialist Task (EATCHIP)

Subjective Workload Assessment Technique
Task Load Index (NASA, US)

Terminal Radar Approach Control (facility)
User Request Evaluation Tool

Workload Assessment Tool
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APPENDIX A: A SUMMARY OF THE LITERATURE REVIEW
CONDUCTED ON THE IMPACT OF AUTOMATION
ON MENTAL WORKLOAD

The raison d'étre for automation is to increase capacity and optimise workload
of the human operator, whilst maintaining the safety integrity of the total
system (i.e. hardware, software, operator and procedures). Different functions
in ATM can be automated. Automated information integration and inference
can reduce human working memory demands. Such systems can also provide
superior integrated information to operators and thereby reduce excessive
information processing workload. Automated ATM systems with functions that
draw inferences about future events (prediction) can provide assistance to
improve decision-making and may decrease thinking and interpretation
workload (Harwood, Sanford & Lee, 1998).

On the other hand, some literature have suggested that workload may not be
reduced by automated assistance provided, even under full automation
(Billings, 1991; Wiener, 1985; Parasuraman, Molloy & Singh, 1993). These
propose that there is a shift in the type of workload such as a greater
monitoring load. When automation is implemented, operators may incur
additional workload associated with input devices, errors, intrinsic ‘automation-
management’ tasks and unexpected and new peripheral tasks needed to use
the automation. New ATM tasks may also require more time thinking about
and understanding the options or decisions generated by the automation. The
workload analysis therefore needs to focus on the evaluation of the mental
workload as a result of this shift towards knowledge-based thinking. Moreover,
such knowledge-based thinking may interfere or compete for mental resources
required for other ATM tasks.

Automated information integration and inference can reduce human working
memory demands. A model of verbal report data suggests that what is
consciously perceived and demands on working memory often influences
subjective reports or ratings (Ericsson & Simon, 1980). This suggests that
automation of information integration and inference may ease subjective
workload or perceived workload.

ATM automated systems with functions that draw inferences about future
events (prediction) can improve decision-making while reducing workload
(Harwood, Sanford & Lee, 1998; Wickens, 1999). Two examples were cited.
There were the User Request Evaluation Tool (URET) (Wickens, 1999) and
the Controller TRACON Automation System (CTAS) (Wickens, 1999).

Apart from different functions that can be automated, there are also different
levels of automation. In intermediate levels of automation, by keeping the
human involved in system operations, better work system performance and
lower workload can be achieved than in highly automated systems (Endsley &
Kiris, 1995). For example, levels of automation which produced significantly
lower subjective workload rating on NASA-TLX than other levels of automation
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(Endsley & Kaber, 1999) were levels where decision-making functions were
automated either joint decision-making between human and computer or fully
automated decision-making. In the same study all the sub-scales of NASA-
TLX correlated positively with the overall workload score, except performance.
When performance rating was high, workload rating was low. Ratings of
operator perceived successfulness in the task increased with increasing level
of automation.

On the other hand, some literature have suggested that workload may not be
reduced by automated assistance provided, even under full automation. They
propose that there is a shift in the type of workload as a greater monitoring
load is incurred (Billings, 1991; Wiener, 1985).

In short, the research findings on the impact of automation on workload
appear inconsistent and inconclusive because of several methodological
difficulties:

e There are many workload evaluation tools, which are common and easy to
use in studies on automation. Different workload evaluation tools were
used in the various studies. These simple but different workload
evaluations may be measuring different aspects of workload or even
different concepts of workload.

e Cognitive task performances in complex work environments such as ATM
consist of several key cognitive function groups. Mental workload in such
complex work environment is multi-dimensional. The demands placed on
each of its functional dimensions contribute to the overall experience of
mental workload. In addition, automation systems may have differential
and specific impact on individual dimensions of MWL. Not all workload
evaluation tools measure mental workload. Of those that do, very few or
none, partition the mental workload into its different dimensions.

e The automation systems studied may have provided assistance for
different cognitive functions. Hence, the impact of automation on workload
is inconsistent and may vary, not only depending on tool or technique used
but also on the type of cognitive functions being automated.

The research findings from the current literature and observed methodological
difficulties have important implications on the development and design of a
mental workload assessment tool such as AIM, namely how the tool was
conceived, the development of the tool's methodology, what the tool should
measure, what dimensions of MWL it should describe and explain, and finally
the format and content of the tool (e.g. what sub-scales and how many sub-
tests, etc.).
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APPENDIXB: A SHORT DESCRIPTION OF THE MULTIPLE
RESOURCE THEORY (MRT) MODEL OF MENTAL
WORKLOAD

While there is evidence supporting the single resource theory (Kahneman,
1973; Gopher, 1986), it does not account for three phenomena. Task
insensitivity and structural alteration effects describe the phenomenon in
which changes in task difficulty and structure, respectively, in one task appear
not to affect performance in another concurrent task. The other phenomenon
is time-sharing, in which two tasks, both of non-trivial difficulty, are performed
concurrently with no performance decrement, even though each can be shown
to interfere with other activities (Wickens, 1991). Wickens (1980) analysed
characteristics of task pairs and noted consistency of these three phenomenal
effects along three structural dimensions in the information processing system.

The Multiple Resource Theory (MRT) postulates that there are different mental
resources along three different dimensions (see Figure 2). The dimensions are
stage (of cognitive processing), modality (of information input or output) and
the processing code (of the information).

4+——— STAGE———»
. Central
Encoding ) Response

-

=  Visual

<

]

S

l Auditory

Spatial

Processing Verbal
CODE erbal % Each partition in the cuboid may represent a resource channel

Figure 2: Diagrammatic representation of MRT

On the stage-defined dimension, resource channels used for encoding and
central processing activities are separate from those used in selection and
execution of responses. Manzey (1989) (cited in Wickens, 1991) found mutual
interference and large performance trade-offs between a cursor positioning
task and a switch-throwing task. However, no interference or performance
trade-off was found when a mental arithmetic task was time-shared with either
task. Instead, a mental arithmetic task was found to interfere with a Sternberg
memory search task. In ATM the ATCO is able to acknowledge vocally each
change in aircraft flight (a response demand) without disruption to his ability to
maintain situation awareness of the airspace (perceptual-cognitive demand).
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Separate resource channels are also defined along a processing code
dimension. Spatial and verbal processes in perception, working memory and
response demand separate resources. Examples of evidence of this can be
found in research studies where verbal decision task performance was found
to be disrupted more by vocal responses, while spatial decision task
performance was disrupted more by manual responses (Wickens & Liu, 1988).
When the verbal and spatial decision tasks were time-shared with a manual
tracking task, the spatial decision-manual response task interfered most with
the tracking task. Although there is evidence for separate spatial and verbal
processing resources, cognitive activities may be ambiguous with respect to
which resource channel they employ. Visual stimulus such as pictures, icons
or geometric symbols, though non-verbal, may rapidly activate verbal codes
(Robinson & Eberts, 1987). The ATCO can change the heading of an aircraft
by arithmetic calculation (a verbal strategy) or imagining the vectors of the
aircraft in the airspace (a spatial visualisation strategy). Travel routes can be
learned as a series of verbal lists of instructions or spatial images (airspace
maps of airways and air routes).

The third dimension is defined by the perceptual modality, in other words,
visual versus auditory input. However, it is not clear if interference, say
between two visual tasks, is a consequence of resource competition or due to
visual scanning delays as the visual stimuli may be far apart and not within the
fovea simultaneously.

The different channels describe how the resources can be accessed during
performance. If two tasks place demands on the same channel, they have to
compete with each other for resources and workload will increase. Different
channels may also conflict when they access resources that are on the same
dimension. For example, the ATCO may be deciding to change the altitude of
an aircraft by calculating how far it is from another aircraft (verbal processing).
At the same time, he may be visualising how to alter the heading of another
aircraft (spatial processing). Although both tasks require separate code
channels (verbal versus spatial), they conflict on the stage dimension (both
are at the processing stage) and modality (both require visual input) channels.
The MRT is useful to human factors practitioners for assessing time-sharing
and multi-task performance in complex jobs such as ATM and predicting
workload associated with time-sharing concurrent tasks.

Time-sharing efficiency as a skill

In addition to the demands on resources from the tasks, time-sharing two
tasks also contributes to workload. However, efficient time-sharing skills can
be cultivated by (i) an improvement in the skills of the single-task components,
and (ii) developing a distinct skill in time-sharing that results explicitly and
exclusively from multitasking experience. With practice, two tasks will demand
fewer resources and become more data-limited (that is diverting more
resources to the task does not affect performance). Improved dual task
performance can be the result of better skills in the single task components
and may be acquired via single task practice. Based on the MRT it has been
suggested that operators select which tasks to perform ‘specifically to place
demands upon qualitatively different capacities of processing resources’
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(Wickens, Mountford & Schreiner, 1981). When separate analyses of dual task
components were conducted and the results found suggested support for the
prediction in Wickens et al. (1981). There is some evidence from studies
which found that subjects trained in time-sharing strategies which emphasised
resource and attention allocation performed better than control groups or in
control tasks (Wickens, 1992).

Hence, efficient time-sharing skills may develop as a result of improved single
task performance and a true skill in time-sharing. The latter skill is described
as ‘knowing when to sample what from the display, when to make which
response and how to integrate better the flow of information in the two tasks’
(Wickens, 1992). This proposition appears to be consistent with the skills
developed in an experienced ATCO (Hopkins, 1995; Wickens, Mavor &
McGee, 1997). Thus, for the experienced ATCO, the combined resource
demand will be diminished and workload is moderated as time-sharing skills
develop.
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APPENDIX C: REVIEW OF MENTAL WORKLOAD ASSESSMENT
TECHNIQUES

There are three workload-measurement groups: performance-based,
subjective (i.e. self-report) and physiological measures. In addition to these
three methods in workload assessment, one can also assess mental workload
by using mental modelling techniques. Each group of technique will be briefly
described in the following sections.

Performance-based assessment techniques

Performance-based assessment techniques utilise some aspect of the
operator’s performance or capability to perform the tasks or system functions,
in order to provide an estimate of the workload. There are three common
types of such techniques in the assessment of workload literature.

Primary-task methodology assesses mental workload by examining the level
of operator performance as an indicator of workload levels, based on the
hypothetical workload-performance relationship (Eggemeier, 1988; O’ Donnell
& Eggemeier, 1986) (see Table 5). As demands from a task or tasks increase,
the proportion of total resources expended on workload associated with tasks
also increases. Performance at criterion levels or better is associated with
workload levels that fall within a low to moderate range, implying that the
operator still has the capability to compensate for increasing workload through
resource allocation. As resource expenditure approaches the upper limits of
the first workload region, the operator begins to exhibit performance
decrements, he is no longer able to perform the tasks at criterion level. In this
second workload region, the operator is said to exceed the ‘threshold for
unimpaired performance’ (Eggemeier & Wilson, 1991) and will show gradual
degradation of performance. In the third workload region, performance is
consistently poor and it is associated with high levels of workload.

Table 5: Relationship between performance and workload regions

MWL levels First region Second region Third region
(low—moderate) |(high approaching overload)| (very high or overload)
Performance |Criterion level or| Performance degradation Consistently low
quality better (below criterion level) performance

However, primary task measures have been found to be relatively insensitive
to mental workload changes in the first or third regions. These measures will
differentiate between first and second regions, and exhibit sensitivity to
workload changes in the second region. Primary-task performance as a
measure may reflect the overall effectiveness of man-machine interaction
(O’ Donnell & Eggemeier, 1986). A human operator may be able to
compensate for increase in workload and still maintain good and above
criterion level performance (i.e. first region). Hence, a constant performance in
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the first region does not necessarily reflect low operator workload. In addition,
as a consequence of resource compensation in situations where workload
increases, two operators may exhibit no obvious performance differences
even though one of them may be performing at his/her capacity limits. It has
been suggested that it may therefore be necessary to combine primary task
measures with other workload measurement techniques.

Secondary task methodology measures the operator’s capability to perform an
additional task or function concurrently with the primary task. Spare or reserve
processing capacity not demanded by the primary task is assumed to be
allocated to secondary task performance. An index of primary task workload is
derived from the levels of concurrent task performance. There are several
ways of implementing this technique:

e The first is to use the “loading task paradigm'. Subjects are instructed to
maintain secondary-task performance, even if decrements in primary-task
performance occur. The addition of the second task results in a total
workload shift from the first region towards second region, so that primary-
task performance measures can be used as indicators of workload.

e The second way to implement the technique is to use the “subsidiary task
paradigm'. Subjects are instructed to maintain primary-task performance.
As a result, secondary task performance is allowed to vary with difficulty.
This is taken to indicate the spare capacity available in order to perform
the secondary tasks.

However, it is difficult to conclude whether the resulting performance data is
due to actual spare capacity or the intrusiveness of the unfamiliar secondary
task, or even an artefact of the task priority defined by the experimenter
(Wickens, 1992).

These paradigms also assume an undifferentiated capacity or mental
resources available for all types of task performance. There is evidence
against these and phenomenon such as efficient time-sharing of tasks and
task insensitivity and structural alteration effects (described in Appendix B)
demonstrate against the assumption of an undifferentiated mental resource.

Although there are ways to compensate in part for some of these
methodological problems, primary and secondary task measures as a
technique for assessing mental workload may not be suitable for our
requirements. In dynamic and multitasking environments such as ATM, it is
difficult to define primary and secondary task measures. Moreover, ATCOs
have been found to be able to manage their workload and regulate their
performances. They employ different adaptive or compensatory information
processing strategies in response to increases or decreases in workload. For
example, ATCOs decreased the amount of time they spent processing each
aircraft in response to an unexpected increase in air traffic load, but when air
traffic load was low, ATCOs paid more attention to peripheral details of the
aircraft (Sperandio, 1978). Hence, an ATCO may change task strategies as
well as resource allocation strategies accordingly to maintain performance at a
desired level or a criterion level set by the authority.
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Subjective assessment techniques

Subjective measures assess the subjective experience of the workload by the
operators by requiring them to provide judgements of the workload or effort
associated with performance of a task or system functions. Several studies
have demonstrated the capability of these rating tools to reflect variation in
demands across a variety of tasks (for a review see Eggemeier & Wilson,
1991). Many of these tools involve retrospective ratings of workload
experienced and have been widely utilised for workload assessment in multi-
task environments such as ATM. However, workload estimates from rating
scales may constitute an ‘averaged-out’ measure of overall workload. This is
of little diagnostic value in the evaluation of the cause of intensive workload in
system design. On the other hand it has been suggested that diagnosticity can
be better for multi-dimensional scales (Nygren, 1991; Hill, Lavecchia, Byers,
Bittner, Zaklad & Christ, 1992). Common subjective workload assessment
tools used in the literature include the NASA Task Load Index (NASA-TLX)
(Hart & Staveland, 1988) and Subjective Workload Assessment Technique
(SWAT) (Reid & Nygren, 1988).

Physiological measures

Changes in physiological reactions have been used as indicators of Mental
Workload (MWL). These techniques depend on different physiological
measures which are differentially sensitive to either global or specific arousal
responses. Such technigues do not require an overt action on the part of the
subject for the measurement. It is also a continuous measurement of
workload. However, it does depend on the availability of expensive,
specialised and often cumbersome equipment. Even with miniaturisation of
some equipment, such techniques may be dependent on specialised expertise
and sensitive to other extraneous ‘noise’ effects. Three main types of
physiological measurements can be used as indicators of workload. Their
feasibility and suitability in ATM research and the problems they present have
been reviewed (David, EUROCONTROL unpublished summary report).
Table 6 displays a list of physiological measures with a brief and simple
interpretation of what each indicates about workload.

Table 6: List of physiological measures and their indicators of workload

Physml_oglcal Measure Workload indicators
technique
Electro- Heart Rate (HR) or An increase in HR or IBI indicates an increase in
cardiogram Inter-Beat Interval (IBI) |workload; largely affected by physical workload
(ECG) Heart-Rate Variability |A decrease in HRV indicates an increase in

(HRV) MWL

Eye-movement |Pupil Diameter (PD) |A decrease in PD indicates an increase in MWL

Tracking (EMT) [gjink Rate (BR) An increase in BR indicates an increase in strain

or fatigue which may be inferred as an increase
in workload.
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Physiological

: Measure Workload indicators
technique
Electro- Activity on four main  (Increases in brain activity indicate an increase in
encephalogram |frequency bands: mental activity and hence MWL
(EEG) = 8-12 Hz (alpha),

= 13-30 Hz (beta),
= 4-7 Hz (theta) and
= 1-3 Hz (delta)

Modelling mental workload in ATM

Assessment of mental workload using modelling techniques require a model
of the interrelationships between the events in the work domain (i.e. air traffic
events), task performance and mental workload. When assessing or predicting
workload, the tool needs to model the ATM events or tasks that resulted in the
workload. The ATM events and tasks also affect the strategies the ATCO
employs to manage and regulate the performance. Common techniques used
in mental workload modelling are task analysis and timeline analysis. Unlike
primary and secondary task methodologies where the quality of performance
is measured, models of workload are based on a task analysis of the ATM
performance and are represented on a timeline format. Workload is assessed
or predicted using a theory of mental workload (such as MRT) and its
underlying assumptions about the performance of tasks and associated
workload. For example, if the task analysis and timeline models a situation
where the heading of two aircraft are managed simultaneously, the workload
model, using say MRT, will predict high workload due to task demands and
resource competition. Workload modelling tools are methodologies for
carrying out task analyses and for making workload predictions based on task
analyses using algorithms related to a particular theoretical model of mental
workload. Examples of such tools are:

« ‘Performance and Usability Modelling in ATM (PUMA)’, a custom-built tool
for NATS (Day, Hook, Warren & Kelly, 1993),

o ‘Aircrew Workload Assessment System (AWAS)’ (Hicks, 1994),
e ATLAS (Hamilton, 2000), and

o WinCrew (Archer & Lockett, 1997 - URL address:
http://www.maad.com/MaadWeb/products/wincrew/wincrwma.htm).
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APPENDIX D: REVIEW OF EXISTING MENTAL WORKLOAD

ASSESSMENT TOOLS

The review of existing mental workload assessment tools was conducted in
two stages:

In Stage 1 a large selection of tools was assessed against the following
criteria, defined from the requirement specifications in the SHAPE Project
for such a tool (see Section 2.3):

(i)

(ii)

(iii)

(iv)

(v)

(vi)

Multi-dimensional: The tool accounts for multi-dimensions of mental
workload.

Practical and easy to use: In terms of preparation/resources
required, cost of training required to use the tool.

Multi-scaled and diagnostic: Multi-scales and ability to diagnose the
origins of mental workload and inform design and recommendations
for design changes in ATM system (automation, equipment,
procedures, re-sectorisation, etc.).

Sensitivity to differences due to traffic situation and ATM system
design.

Theoretical background: Has a theoretical background and able to
provide comprehensive explanations of mental workload.

Critical cognitive activities: Mental workload due to critical cognitive
activities are evaluated.

(vii) Reliability and validity.

(viii) Data format: Format of the data collected to assess mental workload.

The selection based on Stage 1 review was then subjected to a second set
of review criteria, defined by the purpose and scope given in Section 4.2:

(i)

(ii)

(iii)

What aspect of mental workload does the tool measure: Mental effort,
task difficulty, processing load on mental resources, processing
capacity;

Where does the tool assume mental workload is likely to occur:
Generic/global task performance, specific tasks/operations,
performance degradation, HMI or internal physiological reactions; and

Its assumption about why mental workload occurred: Single
undifferentiated resources, multiple resources with resource conflicts
and competition between different types of resources, attention
bottlenecks in task performance.
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The outcome from each stage will be reported in the following sections in this
appendix. The tools reviewed in the first stage were as follows:

Cooper-Harper Rating Scale

Bedford Workload Scale

Honeywell Cooper-Harper Rating

Scale
SWAT

PUMA

Modified Cooper-Harper
Rating Scale

Crew Status Survey
NASA-TLX

Zachary/Zachlad Cognitive
Analysis

ISA

The following tools were selected as a result of the Stage 1 review for Stage 2

review:

Cooper-Harper Rating Scale

Bedford Workload Scale
SWAT

Modified Cooper-Harper
Rating Scale

NASA-TLX
PUMA
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Stage 1 of the review

Technique

Description

Cooper-Harper

The Cooper-Harper Rating Scale is the current standard for
evaluating aircraft handling qualities. It makes use of a
decision tree that assesses adequacy for task, aircraft

i . . .
Rating Scale characteristics, and demands on the pilot to calculate and
rate the handling qualities of an aircraft.
Criteria Review

Multi-dimensional

Not: The Cooper Harper Scale deals explicitly with aircraft
handling.

Practical and easy to
use

Yes:
= Requires minimal training.
= A briefing guide has been developed.

= The task in question must be fully defined — to allow
common reference when using the decision tree.

Multi-scaled and
diagnostic

Yes:

= |tis reported as being multi-scaled and diagnostic for
aircraft handling factors such as the effect of:

- wind gust,
- aircraft pitch stability and
- acceleration control.

= Sensitive to the psychomotor demands on an operator.

Situation/design

Yes: Cooper-Harper ratings have been sensitive to

sensitivity variations in controls, displays and aircraft stability.
No apparent theoretical model. However, the Cooper-
Harper scale uses the following definition of pilot workload:
. ‘workload is the integrated mental and physical effort
Theoretical . : : e
required to satisfy the perceived demands of a specific flight
background

task’. The scale should only be used for workload
assessment if handling difficulty is the major determinant of
workload.

Consider all critical
cognitive activities

Does not consider cognitive activities.

Reliability and
validity

Have been found to be reliable in assessments of workload
in aircraft handling, sensitive to variations in controls,
displays and aircraft stability.

Method and data

Ordinal data. Requires non-parametric analysis. Decision
tree with a scale which provides a rating from 1 (excellent)
to 10 (major deficiencies).

Outcome

Although it does not satisfy all the criteria, as a tool it is
easy to use and practical. It is selected for the second stage
review as its methodology is useful and there is research
evidence of its usefulness and sensitivity.
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Technique

Description

Bedford Workload

The Bedford Workload Scale is a modification of the Cooper-
Harper Scale. It is intended to cater for a wider variety of pilot
tasks (especially for systems that load the perceptual and
communication channels). It was created by trial and error

Scale with the help of Royal Aircraft test pilots. It retained the
decision tree and the four- and ten-rank ordinal structures of
the Cooper-Harper Scale.

Criteria Review

Multi-dimensional

Yes: The decision tree contains the terms, effort, spare
capacity, attention and workload (insignificant, low, very high
and extremely high).

Practical and easy to
use

Yes:

= |t has been reported that pilots found the scale easy,
convenient and unobtrusive to use.

= Practice is required to become familiar with the scale.

Multi-scaled and
diagnostic

Yes: May provide a good measure of spare capacity.

Situation/design

No: There are question marks over the sensitivity of this
scale. The scale was found not be to be sensitive to control

sensitivity configurations and counter measure conditions.
The Bedford Workload Scale used the same definition of
workload as the Cooper-Harper Scale: ‘workload is the
Theoretical integrated mental and physical effort required to satisfy the
b perceived demands of a specific flight task’. In addition to the
ackground

definition of workload the Bedford Workload Scale used the
concept of spare capacity to aid in the definition of workload
levels.

Consider all critical
cognitive activities

The scale does mention, spare capacity, attention and effort.

Reliability and
validity

Roscoe (1984) reported that pilot workload ratings and heart
rates varied in similar manners. This may indicate a degree
of convergent validity. There is evidence to suggest that the
Bedford Workload Scale is a reliable and valid measure of
workload (based on flight simulator data).

Method and data

Decision tree with a scale that provides a ten-point rating
scale using the following end-points: workload insignificant to
task abandoned. Requires non-parametric analysis, as it is
not an interval scale.

Outcome

Although it does not satisfy all the criteria, as a tool it is easy
to use and practical. It is selected for the second stage
review as its methodology is useful and there is research
evidence of its usefulness.
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Technique

Description

Honeywell Cooper-
Harper Rating Scale

The Honeywell Cooper-Harper Rating Scale uses a decision-
tree structure to assess overall workload related to aircraft
controllability.

Criteria

Review

Multi-dimensional

No: The scale concentrates upon the measurement of overall
workload. Considers subjective workload and effort.

Practical and easy to
use

Yes (see responses for Cooper-Harper Scale).

Multi-scaled and

No: The scale requires participants to answer three
questions, generally referring to a subjective evaluation of

diagnostic effort required to complete the task.
Situation/design Unknown.

sensitivity

Theoretical Unknown.

background

Consider all critical
cognitive activities

No: Does not consider cognitive activities individually —
concentrates upon eliciting a subjective measure of overall
workload.

Reliability and
validity

For a small sub-set of conditions the scale ratings correlated
well with performance.

Method and data

Decision tree with a scale that provides a nine-point rating
scale. The end-points of the scale are pilot effort not a factor
for desired performance to control will be lost during some
portion of required operation.

Outcome

Not selected for Stage 2 review.
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Technique

Description

Modified Cooper-
Harper Rating Scale

The Modified Cooper-Harper Rating Scale is a modification of
the Cooper-Harper Scale, intended to produce an estimation of
the workload associated with cognitive functions such as
perception, monitoring, evaluation, communications and
problem solving.

Criteria

Review

Multi-dimensional

No: The Modified Scale makes reference to mental effort.

Practical and easy to
use

Yes: Same as Coopers Harper Rating Scale.

Multi-scaled and
diagnostic

Not multi-scaled but diagnostic.
The Modified Scale makes reference to the term mental effort.

Have been used to estimate mental effort associated with
cognitive functions such as perception, monitoring, evaluation,
communications and problem solving. Assessments of the
scale have focussed on perception, cognition, and
communications. The system is designed for use in
experimental conditions, therefore it may not be appropriate for
situations requiring an absolute diagnosis of a subsystem.

Situation/design

The Modified Scale is reported to be sensitive to:

- communication load,
navigation load,
danger conditions,
flight conditions and

sensitivity - crew positions.
It has been reported that the Modified Scale were as sensitive
to task difficulty as SWAT but less sensitive than SWAT ratings
to changes in tracking task difficulties.

Theoretical Same as Cooper Harper Rating Scale.

background

Consider all critical
cognitive activities

Subijects are told to consider perception, cognition and
communication.

Reliability and
validity

Results suggest that the scale is a valid, statistically reliable
indicator of overall mental workload. The scale is reported to
provide consistent and sensitive ratings of workload across a
range of tasks.

Method and data

Decision tree with a modified Cooper Harper Scale with a ten-
point scale, ranging from very easy/highly desirable to
impossible.

Outcome

Although it does not satisfy all the criteria, as a tool it is easy to
use and practical. It is selected for the Stage 2 review as its
methodology is useful (mental effort ratings made on instructed
tasks such as communication, problem solving) and there is
research evidence of its usefulness.
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Technique

Description

Crew Status
Survey

The Crew Status Survey provides measures of self-reported
fatigue and workload. It also includes space for general
comments.

Criteria

Review

Multi-dimensional

No: Self-report estimate of fatigue and overall workload.

Practical and easy to
use

The Crew Status Survey is presented on cards — participants
find it difficult to fill in the rating scale during periods of high
workload. Verbal ratings have been found to work more
effectively if; subjects can quickly scan a card copy of the rating
to confirm the meaning of the rating and secondly if the
subjects are not performing a conflicting verbal task. Fatigue
and workload scale can be used independently.

Multi-scaled and
diagnostic

No.

Situation/design

The scales have been found to be sensitive to changes in task
demand and fatigue. The fatigue and workload scales are

sensitivity independent of each other.
. Fatigue and strain, workload rated globally on a single scale
Theoretical . .
even though it combines temporal demand, system demand,
background

system management danger and acceptability in its definition.

Consider all critical
cognitive activities

The survey does not consider the cognitive activities that are
listed in SHAPE. The workload scale considers temporal
demand, system demand, system management, danger and
acceptability.

Validity and reliability

The survey is reported to have face validity — it was well
received by pilots. The scales have been tested for test/re-test
reliability. Both are now seven-point scales.

Method and data

The Crew Status Survey provides two scales that are used
independently, both scales range from 1 to 7.

Outcome

Not selected for Stage 2 review.
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Technique

Description

NASA-TLX

The NASA Task Load Index (TLX) is a multi-dimensional
subjective workload rating technique. It provides an overall
workload score based on a weighted average of ratings on six
sub-scales; mental demand, physical demand, temporal
demand, own performance, effort and frustration.

Criteria

Review

Multi-dimensional

Yes: Considers six dimensions: mental demands, physical
demands, temporal demand, own performance, effort and
frustration.

Practical and easy to
use usable

Yes:
= Paper- or pencil-based rating scales.

= Requires two steps — the first is a rating task, the second is
a pair-wise comparison of the six workload scales.

= Delays of fifteen minutes do not affect workload ratings.

Multi-scaled and
diagnostic

Yes:

TLX is thought to provide a sensitive indicator of overall
workload as it differed among tasks of various cognitive and
physical demands.

The six sub-scales can be used to diagnose the sources of
loading within a task.

Situation/design

Yes:
= Reported to be a good measure of general workload.
= |tis thought that NASA-TLX is sensitive to different levels

sensitivity of workload.
= [tis thought that NASA-TLX and SWAT are essentially
equivalent in terms of their sensitivity to task manipulations.
Theoretical In NASA-TLX workload is defined as the ‘cost incurred by
background human operators to achieve a specific level of performance’.

Consider all critical
cognitive activities

No: Although mental demand is one of it's six workload scales
and is described as mental and perceptual activity, thinking,
deciding, calculating, remembering, looking, searching and
task complexity, it does not consider the activities separately.

Reliability and
validity

High reliability. Used extensively in aviation research.

Method and data

All dimensions are rated on bipolar scales from 1 to 100,
anchored at each end with a single adjective (for e.g. high/low,
good/poor). An overall workload rating was determined from a
weighted combination of scores on the six dimensions.

Outcome

Satisfied most of the criteria. Selected for Stage 2 review.
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Technique Description
The Subjective Workload Assessment Technique (SWAT)
SWAT combines ratings of three different scales (time load, mental
E— effort load and psychological stress load) to produce an
interval scale of mental workload.
Criteria Review

Multi-dimensional

Yes.

Practical and easy to
use

No: Although SWAT has been found to be relatively
unobtrusive measure of workload, it requires some preparation
prior to administration.

SWAT requires two steps — the first is the development of
scales and the second is event scoring.

Scale development involves subjects ranking from lowest to
highest 27 combinations of three levels of the three workload
sub-scales.

Event scoring, involves the subject providing a rating (1, 2, 3)
for each sub-scale. The experimenter then maps the set of
rankings to the SWAT score (0-100) calculated during the
scale development.

Multi-scaled and
diagnostic

Yes: Each of the scales, time, effort and stress can be
examined individually as workload components:

= Time load scale considers amount of spare time available
in planning, executing and monitoring a task.

= Mental effort load considers how much conscious mental
effort and planning are required to perform a task.

= Psychological stress load considers amount of risk,
confusion and anxiety associated with task performance.

Situation/design
sensitivity

Yes: It has been reported that SWAT is sensitive to changes in
task difficulty.

Theoretically sound

It is reported that SWAT provides a good cognitive model of
workload that may be sensitive to individual differences.
However, other sources have suggested that three dimensions
of workload are not sufficient to assess workload. It is also
reported that SWAT failed to detect resource competition
effects in dual-task performance.

Consider all critical
cognitive activities

No.

Reliability and
validity

SWAT is reported to be a valid and sensitive and relatively
unobtrusive measure of workload. It is also reported that
SWAT ratings are less variable than the Modified Cooper-
Harper Rating Scale ratings.

Method and data

SWAT produces a value between 0 and 100.

Outcome

Satisfied most of the criteria. Selected for Stage 2 review.
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Technique

Description

Zachary/Zachlad
Cognitive Analysis

The Zachary/Zachlad Cognitive Task Analysis Technique
requires both operational Subject Matter Experts (SMEs) and
‘cognitive scientists’ to identify operator strategies for
performing all tasks listed in a detailed cognitive tasks analysis.

Following this a second group of SMEs then rates, using
thirteen sub-scales, workload associated with performing each
task.

Criteria

Review

Multi-dimensional

Unknown.

Practical and easy to
use

No: Considerable effort given to developing a cognitive task
analysis.

The method requires two sets of SMEs, to develop the task
timeline and to rate the associated workload.

Multi-scaled and Unknown.
diagnostic

Situation/design Unknown.
sensitivity

Theoretically sound Unknown.
Consider all critical Yes.

cognitive activities

Reliability and
validity

To date the method has only had limited application.

Method and data

A combination of mental workload modelling and subjective
ratings on the model using SMEs.

Outcome

Not selected for Stage 2 review. However, its methodology is
interesting and may be useful (task analysis to identify the
cognitive task and workload ratings made on cognitive task
models by SMESs). The concept in its methodology is similar to
that of PUMA.

Page 68

Released Issue Edition Number: 1.0




A Tool for the Assessment of the Impact of Change in Automated ATM Systems on Mental Workload

Technique Description
Performance and Usability Modelling in Air Traffic
Management (PUMA) is a predictive workload modelling
technique. It produces quantitative models from which
predictions about the amount of effort or mental workload
involved in ATM operations are made.
The PUMA Analysis is conducted in a number of stages:
= The first stage involves the identification of ATCO cognitive
activities during an air traffic scenario; this is followed by
Observational Task Analysis (OTA). The OTA results in the
PUMA identification of sequential tasks and action time lines. The
analyst then works through the OTA with the ATCO to
capture the ATCO'’s performance.
= The second stage involves building a generic model of
each task. Cognitive activities that are required for each
task are inferred from the OTA, video analysis and debrief
interview. Each generified task is then refined using the
Task Ordering Tool. The tasks are put together in order to
build a model of task performance.
» The overall workload is then calculated using the Workload
Assessment Tool (WAT).
Criteria Review

Multi-dimensional

Yes. Mental demand as well as different mental resources.

Practical and easy to
use

No: PUMA involves a number of time consuming and resource
intensive stages. PUMA requires considerable SME input. It
also requires analyst experience with ATM and PUMA
procedures and hence cost of training to use the tool is
substantial.

Multi-scaled and
diagnostic

Yes: Considers different dimensions of mental workload and
models the workload according to air traffic events, ATCO
tasks, design configuration and operating procedures (existing
and new).

Situation/design
sensitivity

Using the information gained from the OTA PUMA has the
ability to match intensive workload periods can be matched to
ATM tasks and operations.

PUMA is also reported to be sensitive to changes in air traffic
events and the number of tasks being carried out.

The analyst is thought to be able to trace workload peaks to
particular design configurations.

It is thought that the method should also enable the analyst to
identify the effects of deviating from normal/standard
procedure (including the task requirements of a new system)
upon workload.
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Criteria Review
Wicken’s Multiple Resource Theory (MRT) is central to the
Theoretical PUMA method. The algorithm used by WAT is an
implementation of MRT. The workload algorithm involves the
background

concepts of multiple channels, concurrent task performance
and task interference.

Consider all critical
cognitive activities

Requires an extensive model of ATCO tasks and operating
procedures, which include cognitive tasks and functions.

Reliability and
validity

Workload algorithm has strong theoretically basis.

The validity of the workload models is dependent upon the
skills and experience of the analyst.

Accurate workload modelling is dependent upon the quality of
the OTA.

The generification process involves a significant amount of
subjective judgement by the analyst.

The cognitive activities have to be inferred from the overt
actions observed and the debriefs.

It is reported that PUMA lacks a structured framework for
modelling the cognitive activities in ATM.

Pilot validation studies showed that PUMA evaluations
dissociate from ISA systematically as expected.

Method and data

A mental workload modelling tool. PUMA produces a predictive
workload against time/task rating. Workload peaks are
identified as moderate to high workload levels relative to the
overall shape of the workload model.

It also logs channel interference, demand ratings and workload
values generated by the algorithm for the entire duration of the
scenario.

Outcome

Although it did not satisfy all of the criteria and is difficult to use
and is resource intensive, it was selected for Stage 2 review as
its theoretical background and workload algorithm are relevant
to ATC. It has also been used in ATM and has been found
useful.
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Technique

Description

Instantaneous Self-Assessment (ISA) is a real-time
subjective measure of mental workload. The method uses a
recorder panel that is built into the ATC workstation. The
panel consists of five buttons (numbered 1 to 5). The
numbers correspond to ratings of very low workload to very
high workload. The ISA recorder flashes two LED lights for
thirty seconds every two minutes in order to prompt the
ATCO to make a rating.

Criteria

Review

Multi-dimensional

No.

Practical and easy to
use

ISA has been reported to be easy to use and unobtrusive.

Responding to ISA prompts had no significant effects upon
ATCO task performance. However, may require the
installation of the LED and associated equipment.

Multi-scaled and

No: However, ISA, as a real-time measure, may enable the
identification of events or tasks that may have contributed

diagnostic or caused the perceived high workload.
Situation/desian ISA is thought to allow the identification of events and or
Sensitivity 9 tasks that may have caused or contributed to perceived

high levels of workload.

Theoretically sound

Relies upon subjective evaluation of the workload situation
by the ATCO. (Must include factors such as experience,
training, individual differences, group polarisation, pride
effect, etc.)

Consider all critical
cognitive activities

No.

Reliability and
Validity

ISA has been reported to be reliable and valid within an
ATM environment.

ISA ratings have been found to correlate with NASA-TLX
ratings.

Method and data

ISA ratings of 1 to 5.

Outcome

Not selected for Stage 2 review.
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Stage 2 of the review: what, where and why - workload technique review

The table below reviews each of the tools in Stage 2 according to the ‘what’, ‘where’ and ‘why’ criteria and the methodology employed.

The outcome column indicates which of the tool's characteristics under the four criteria are relevant to SHAPE: ‘x’ stands for ‘not
relevant’, ‘P’ for ‘partially relevant’ and * ’ for ‘relevant’.

Technique WHAT WHERE WHY Methodology Outcome
Aircraft handling Interface between Attributes causality to: Decision tree — What Y4
the pilot and aircraft | _ alc controls, rating provided of 1 to 10
Cooper-Harper : ZC disg!?ty& Reported to be easy to Where P
Rating Scale ¢ stability, follow
= a/c pitch, Why X
= a/c speed control,
= wind gust. Methodology
Processing capacity, | Interface between Attributes causality to: Decision tree — What P
Lnateargiwts c;fnzpa(r; oral :ggkr;uman and « subjective perception rating provided of 1 to 10
Bedford Workload effgrt y g of workload, Reported to be easy to Where P
Scale = effort, follow Wh 5
= Spare capacity, y
= attention Methodology
Cognitive functions Interface between Have been able to Decision tree — What p
and mental effort the human and attributes causality to: rating provided of 1 to 10
Modified Cooper- systems/tasks = perception, Reported to be easyto | Where P
Harper Rating * monitoring, follow
Scale = evaluation, Why P
= communications,
= problem solving Methodology
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Technique WHAT WHERE WHY Methodology Outcome
Mental workload; to Interface between Attributes causality to SWAT has two steps: What
some extent consider | the human and three scales: = development of scales
factors of:. on tasks . time load and Where
" processing load, = mental effort load . .
SWAT = spare capacity. « psychological stress = event scoring using the | Why X
scales.
Produces a score of 0 to Methodology P
100
= Processing load Human and the Attributes causality to: Rating technique using six | \what p
= Effort required task = mental demand, scales
] = physical demand, Where P
NASA TLX * Time = temporal demand,
= performance, Why X
= effort,
= frustration level Methodology
= Processing load on | = Human and ATM | Based on MRT: Modelling: What
cognitive functions tasks = multiple resource = OTA and modelling, Where
and resources
= Events and HMI types, . .
PUMA « Task difficult = video analysis and Why
y = concurrent task debriefing
performance, hodol x
= task interference Methodology
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The conclusions from the Stage 2 review were as follows:

Although PUMA appeared to satisfy the ‘what’, ‘where’ and ‘why’ criteria, it
was considered unsuitable because it is a mental workload modelling tool
and very difficult to implement. PUMA is resource intensive and requires
substantial training of analyst before it can be used effectively. However,
its workload algorithm based on the MRT and the related resource channel
classification and conflict matrix were useful materials for the construction
of the new tool.

Although NASA-TLX was unsuitable, its structure was useful, offering a
sub-scale and score for each aspect of workload. However, unlike
NASA-TLX, the new tool will focus on partitioning mental workload further
into cognitive function groups (for instance for. mental workload due to
planning tasks, decision-making tasks or multitasking) and mental
resources (for instance for mental workload due to visual resource
demands or spatial resource demands).

SWAT (and Zachary/Zachlad Cognitive Analysis) uses successfully
specific tasks as the item content in the tool, on which subjects rate the
mental workload demands. This concept, although not new, is useful for
the construction of the content of the new tool.

The decision tree rating scale format in Cooper-Harpers, Modified Cooper-
Harpers and Bedford Workload Tools was a useful and easy way to guide
respondents’ in their subjective ratings of mental workload and hence,
worth considering for the new tool.
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APPENDIX E: AIM DECISION-TREE RATING SCALES AND THEIR
DEVELOPMENT

Following from the review of existing tools, it was also decided that a decision
tree format would be used to guide the subjective ratings for effort and
difficulty. Hence, the rating scale for mental effort and task difficulty will be
embedded in the decision tree.

As a result of one of the meetings held as part of the consultation process, the
decision was made to implement a seven-point interval rating scale (of 1-7) for
both mental effort and task difficulty. The advantages are (i) greater choice of
ratings and (ii) larger range of sensitivity to mental workload differences. The
seven-point scales are incremental with point 1 being the lowest and point 7
being the highest. In addition, only alternate rating points are specifically
defined for the subjects. The definitions of the rating scales can be found in
Table 7. This was called the ‘absolute rating scales’.

Table 7: Definitions of the absolute rating scales for mental effort and task
difficulty
Rating - e N
point Definition on task difficulty scale | Definition on mental effort scale

1 Easier than point 2 Less than point 2

2 ‘Easy’ ‘Little mental effort’

3 Harder than point 2 but easier than | More effort than point 2 but less
point 4 than point 4

4 ‘Neither easy nor difficult’ ‘Moderate mental effort’

5 Harder than point four but not as | More effort than point four but less
hard as point six than point six

6 ‘Difficult’ ‘Large amount of mental effort’

7 Harder than point 6 More effort than point six

This allowed the words used to define the points to be kept to English words
which are simple. In terms of word characteristics these are high-frequency
and high-familiarity English words, which will be easy to understand for non-
native English speakers. This will lower the risk of misunderstanding from
translation to other European languages from English by non-native English
speakers.

However, a rating scale of 1-7 implies that the mental workload ratings made
will be an absolute rating of the controller's experience of workload. This will
necessitate a baseline evaluation of mental workload, before changes in
mental workload can be assessed. Not all simulations or research trials will
have the luxury of time and resources to implement baseline measurements.
Hence, another version of the seven-point interval ratings scale for mental
effort and task difficulty was produced. The alternative version will enable
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subjects to make mental workload ratings of their workload experience in the
simulation or trial relative to what they currently experience. That is controllers
will rate how much more or less the mental effort was required in the
simulation/trial compared to the current operational situation. Similarly,
controllers will rate how much more or less difficult task performance was in
the simulation/trial compared to the current operational situation. The points
on the alternative rating scales range from -3 to 3. This was called the ‘relative
rating scales’. The definitions of the rating scales can be found in Table 8.

Table 8: Definitions of the relative rating scales for mental effort and task difficulty

R;aot:rr:tg Definition on task difficulty scale | Definition on mental effort scale
-3 Much easier Large decrease in mental effort
-2 Easier Moderate decrease in mental effort
-1 Slightly easier Slight decrease in mental effort
0 No Change in difficulty No change in mental effort
1 Slightly more difficult Minimal increase in mental effort
2 More difficult Moderate increase in mental effort
3 Much more difficult Large increase in mental effort

The purpose of using the decision tree format was to guide the subjects
through their ratings on mental effort and task difficulty on each tool item. Four
simple questions were constructed for the absolute rating scales and five
similar questions were constructed for the relative rating scales. Figure 3
displays the ‘absolute workload decision tree’ and the decision tree questions
for the absolute rating scales and the rating scales embedded in the decision
tree.

Page 76 Released Issue Edition Number: 1.0



A Tool for the Assessment of the Impact of Change in Automated ATM Systems on Mental Workload

YES

X

-

Task Difficulty Mental Effort Fequired  Cause aof
wiorkload

] —

Please rate
the
percentage
of workload
that was due
to the
following
factors?

Easy e

What level

Was mental eazy or effort was

workload
acceptable? was the performthe

Howy dt of mental

difficult recuired to

System:
Fore.q.,

task? Heither task?

|

No

Design and

easynor 31—
tonl use

] difficult ]

Absolute
Workload
decision tree il

Traffic:
Fare.g.,
Complexity,
“iolume
YWieather

Difficult 6 ——fe

Others:
Any other
categaory of

factors

Figure 3: Absolute workload decision tree

The questions for the absolute rating scales were as follows:

1.

‘Was mental workload acceptable?’. The response set available is
binomial, ‘Yes’ or ‘No’.

‘How easy or difficult was the task?’. The response set available is the
absolute rating scale for task difficulty.

‘What level of mental effort was required to perform the task?. The
response set available is the absolute rating scale for mental effort.

‘Please rate the percentage of workload that was due to the following
factors.” The response set included three factors: system, traffic and
others. Subjects are required to decide what percentage of the workload
experience can be attributed to each factor. This question was meant to
elicit the source of the mental workload, in order to examine if the workload
impact or differences are attributable more to the traffic situation and
complexity, the system design or other unforeseen factors.

Figure 4 displays the ‘relative workload decision tree’ and the decision tree
questions for the absolute rating scales and the rating scales embedded in the
decision tree.
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Figure 4: Relative workload decision tree

The questions for the relative rating scales were:

1.

‘Has mental workload level changed significantly’.

The response set

available is binomial, ‘No’ (and subjects are instructed to go to the next
item or ‘Yes’ (and subjects are led to Question 2).

‘Was the task easier?’. The response set available is binomial, ‘Yes’ (and

subjects are confined to only points ‘-3, -2" and ‘-1’ of the relative rating
scale for task difficulty and led to Question 4 after making their rating) or
‘No’ (and subjects are led to Question 3).

‘Was the task more difficult?’” The response set available is binomial, ‘Yes’

(and subjects are confined to only points ‘3’, ‘2’ and ‘1’ of the relative rating
scale for task difficulty) or ‘No’ (and subjects confined to only point ‘0’).
After making their decision, subjects are led to Question 4.

‘What was the increase or decrease in level of mental effort that was

required to perform the task?’. The response set available is the relative
rating scale for mental effort.

‘Please rate the percentage of workload that was due to the following

factors.” The response set included three factors: system, traffic and
others. Subjects are required to decide what percentage of the workload
experience can be attributed to each factor.

Page 78

Released Issue

Edition Number: 1.0




A Tool for tl

he Assessment of the Impact of Change in Automated ATM Systems on Mental Workload

APPENDIX F: CONSTRUCTION OF THE ITEMS FOR THE CONTENT
OF AIM

Most of the existing subjective workload assessment tools required either a
task specific workload rating or a non-task specific workload rating. The former
require the subject to give a workload rating on each pre-defined task
performance or specified tasks/operations (e.g. SWAT, Cooper-Harper rating
scale). The latter require the subject to make a global workload rating for a
work period, without defining what the task performance being assessed is or
without specifying any particular task/operation (e.g. NASA TLX, Crew Status
Survey). These non-task specific workload tools require subjects to make a
global rating on one or more dimensions of workload, such as time pressure,
frustration, physical demand and difficulty, mental effort/demand).

Non-task specific workload ratings will not provide the diagnosticity set by the
requirement specification. They also do not provide much diagnosticity
towards automation system design changes. In addition, they do not satisfy
the criteria, which specify that mental workload need to be diagnosed
according to which cognitive function groups are contributing to the mental
workload, nor does it allow diagnosis of mental workload according to mental
resources.

In order to satisfy these criteria, the item content of AIM needs to be task-
specific and mental workload ratings need to be made on defined cognitive
function groups or specified tasks (e.g. SWAT). A taxonomy of cognitive
functions is needed. As part of the construction of the SHAPE Framework
developed within the SHAPE work package on skill set requirements, a
catalogue of cognitive functions and associated sub-functions was complied
and validated by controllers (see EATM, 2004c). In validation exercises
conducted, the controllers were also required to select the critical cognitive
sub-functions for each operational function.

The selected critical cognitive sub-functions were taken as the task items for
AIM. The list of 46 task items for the content of AIM can be found in
Appendix G. Nine cognitive function groups were then derived based on the
cognitive model used in the SHAPE framework (see EATCHIP, 1997). These
were:

1. Multitasking 5. Build and maintain SA
2. Direct attention to information :
6. Planning
sources
3. Take account of and process 7. Decision-making
external information 8. Diagnosing and problem solving
4. Memory management 9. Team awareness
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The original SHAPE list of 21 cognitive functions were then classified into
these nine groups. For example, the cognitive function group ‘Diagnosing and
problem solving’ contained functions such as ‘Diagnose perceived problen’,
‘Active problem solving’ and ‘Diagnose novel situations/problems’.

It was then possible to trace to which cognitive function group each of the 46
task items in the list belonged by using the original SHAPE cognitive function
and sub-function list. For example, if Task A is a sub-function in ‘Active
Problem solving’, then it belonged to the ‘Diagnosing and problem solving’
cognitive function group. The different cognitive function groups in the
taxonomy and the associated task items made up the nine sub-scales of AlM,
allowing the assessment of mental workload due to specific cognitive
functioning. The key for matching the task item to the cognitive function
groups can be found in Appendix H.

A second taxonomy for the AIM task items was constructed for assessing
mental workload according to the different demand on mental resource types.
The development of this taxonomy uses the MRT and the workload algorithm
(based on MRT) used in PUMA. Each task item was then coded according to
the types of mental resource it uses. The relationship between task item to
mental resource type is not a one-to-one mapping. Each task item may belong
to more than one mental resource type. The mental resource types are®:

1. Encoding 5. Spatial
2. Central processing 6. Visual
3. Response 7. Auditory
4. Verbal 8. Motor

The coding was carried out by two HF specialists, using existing PUMA task
models’ and validation exercise data® from work package on SHAPE
Framework (see EATM, 2004c). The key for matching the task item to the
mental resource types can be found in Appendix |I. The type of mental
resources taxonomy allowed for the assessment of mental workload to be
diagnosed according the demand of the different types of mental resources.

The third and last taxonomy for the AIM task items was constructed for
diagnosing the mental workload according to the degree of resource

® The types of mental resources are defined by the MRT. This is described in Appendix B.

"In PUMA, as part of the MWL modelling tool set, a database exists of common basic ATC tasks and
the mental resource demand rating for each task.

® In SHAPE work package on skill set requirements several validation exercises were carried out with
HF specialists. In one of the exercises several specialists were requested to select the cognitive
processes required to carry out each of the cognitive sub-functions. This data provided more
information about the mental resource type required for each task item. For example, if the item was
the search and detection processes that belonged to the input and output stage of the cognitive model
(i.e. ITA), the task item would be in the ‘encoding resource’ category.
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competition (or resource conflict). The PUMA conflict matrix’ contains
interference coefficients for all possible conflicts between each type of mental
resource (see Table 9). The coefficient values range from 0 to 1 and represent
the extent of interference between the mental resources that are required for
the task. Having identified the mental resources required for each task item in
the second taxonomy, the development of this taxonomy uses resource
conflict matrix in PUMA to rate each task item according to the degree of
resource competition. The key for matching the task item to the mental
resource types can be found in Appendix J.

The degree of resource competition taxonomy allowed for the assessment of
mental workload to be diagnosed according the impact on spare processing
capacity. The assumption is that the greater the mental workload demand, the
greater the impact is on spare processing capacity. However, the spare
processing capacity is further affected and reduced if there is a high degree of
resource competition between the processing load placed on the mental
resources.

Table 9: An example of a mental resource conflict matrix in PUMA

Visual Visual Visual Auditory .
spatial spatial verbal verbal Verba_l Spauql Manual verbal
monitor search | encoding | encoding processing | processing | response |response
Visual
spatial Medium
monitor
Visual
spatial High Low
search
Visual
verbal Low Low Low
encoding
Auditory
verbal Medium Medium Medium High
encoding
verbal . Low Medium Low High High
processing
Spatial . Low Medium Low Medium High High
processing
,rvtleasrp])Lcj)?llse Low Low Low Medium High Medium High
Verbal . . : . ; ;
response Low Medium Low High High High High High

° The coefficients in the conflict matrix were constructed and determined empirically by Sowerby
Research Centre, Bae, and are treated as confidential information. Permission was not granted to
reproduce the conflict matrix showing the coefficients. The coefficients are available in licensed copies
of PUMA. Instead, the cells in the matrix contain indications of whether the coefficient was high,
medium or low.
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Three versions of AIM were produced:

1.

AIM-Q: Includes all 46 task items to be rated by the subject using the
decision tree rating scale (either the absolute or relative version), enabling
the assessment of mental workload due to all nine cognitive function
groups.

AIM-Coq: Consists of nine sub-tests, one for each cognitive function group
allowing the assessment of mental workload due to a specific targeted
cognitive function group. For example, if a small-scale trial was carried out
on a new prototype of a system change focused on assisting the
controllers in decision-making, for ease of administration and minimal
resource required, the decision-making sub-test can be administered
individually. Each sub-test contains between four and eleven items.

AIM-Hi: This version is an abbreviated test with only nine items. The
purpose is to obtain a high-level and global assessment of the mental
workload due to the different cognitive function groups. However, it will not
allow any further diagnosis into mental workload due to mental resource
types or specific task performance. Each cognitive function group is a task
item to be rated by the subject on mental effort required and difficulty.
A simple but detailed explanation of each item is provided to the subject.
This version is slightly resembles NASA-TLX which provides subjects with
descriptions of different dimensions of workload (such as frustration level,
temporal demand, physical demand, etc) and requires subjects to make a
global rating on each dimension. The difference is that AIM-Hi requires
global ratings on the nine cognitive function types.
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APPENDIX G: TASK ITEMS FOR AIM

© ©® N o o > w DN PRF

N S =
w N Rk O

14,
15.
16.
17.
18.
19.

20.

21.
22.

23.
24,

Prioritise tasks

Identify potential conflicts

Scan information displays

Apply previous experience

Share information / communicate with team members
Gather and interpret information

Scan Flight Progress Strip (FPS)

Divide attention (e.g. speaking and writing at the same time)

Choose solution

. Evaluate options against traffic situation/conditions
. Anticipate future traffic situation
. Integrate information

. Use mental or physical cues (e.g. cues, cocking strips, notes or mental

tags) to remind oneself of actions required

Evaluate the consequences of the plan

Listen for relevant information

Manage and regulate workload

Ask for information

Perform actions before a/c arrives in sector or into area of responsibility

Prioritise and update currently useful and relevant knowledge in working
memory

Extract relevant data for traffic assessment visual displays (level, time,
route, speed)

Recognise conflict

Recognise the need to request assistance before workload exceeds
capacity

Resolve conflict

Retrieve information from long-term memory
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25.

26.
27.
28.
29.
30.
31.
32.
33.

34.
35.
36.
37.
38.
39.

40.
41.
42.
43.
44,
45.
46.

Scan radar or any ATC Display Screen Equipment (DSE) or Flight Data
Processing System (FDPS) equipment

Check against traffic the feasibility and relevance of the request
Check external information and gather evidence

Update weather information

Formulate appropriate action or response

Formulate decision options

Anticipate team member’s needs/capability

Check information sources

Identify tasks which are highly similar (e.g. same instruction that needs
issuing to several pilots)

Check order and priority of actions in plans

Develop new plan for the novel situation/problem
Evaluate importance of tasks

Monitor own capacity to cope with actual workload
Gather/interpret proactive information for team members

Recall and identify existing knowledge (rules, information) for an
analogous situation

Assess impact on own and/or team’s workload and prioritise request
Scan reminders

Tidy up strip display and put in place mental reminders for next controller
Share time between tasks

Update ATC knowledge and assimilate into existing knowledge

Update team information

Verify information source/trust
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APPENDIX H: KEY FOR THE COGNITIVE FUNCTION GROUPS

The numbers in the key refer to the item in Appendix G.

Multitasking ‘ | Planning
1 2
6 6
8 11
32 14
33 18
36 29
43 Decision-making
Direct attention to information 9
sources and monitoring 10
3 21
6 23
7 26
15 29
17 30
25 31
32 40
4l Diagnosing and
Take account of, and process, problem solving
external information 4
6 6
12 9
20 11
32 12
14
Memory management 27
12 29
13 35
19 39
24 46
28
34 | Team awareness
44 5
45 16
Build and maintain SA \ gi
6 37
10 38
11 40
12 42
46 45
46
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APPENDIX I:

The numbers in the key refer to the item in Appendix G.

KEY FOR THE TYPES OF MENTAL RESOURCE

Encoding Centra_ll Response | Verbal | Spatial | Visual | Auditory | Motor
processing
2 1 5 2 1 2 5 18
3 4 8 3 2 3 6 28
6 5 17 4 3 5 8 42
7 6 18 5 4 6 12
8 8 28 6 6 7 15
10 9 42 7 8 8 17
11 10 8 9 10 18
13 11 9 10 11 26
15 12 12 11 12 27
20 13 13 12 13 28
21 14 14 13 20 31
22 16 15 14 21 32
25 18 16 16 22 33
26 19 17 18 25 38
27 20 18 19 26 45
31 21 19 20 27 46
32 22 20 21 31
33 23 24 22 32
37 24 27 23 33
38 26 28 25 35
40 27 31 26 36
41 28 32 27 37
45 29 33 29 38
46 30 38 30 40
31 39 31 41
33 41 32 42
34 42 33 45
35 44 34 46
36 45 35
37 46 36
38 37
39 38
40 39
42 40
43 41
44 42
45 43
46 44
45
46
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APPENDIX J: KEY FOR THE DEGREE OF RESOURCE COMPETITION

The numbers in the key refer to the item in Appendix G.

High Medium Low
1 6 2
4 8
5 10
9 11 13

12 21 15
14 22 17
16 26 20
18 27 24
19 31 41
23 32

25 33

28 37

29 38

30 40

34 42

35 45

36 46

39

43

44
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APPENDIX K: AIM-Q RECORDING FORMS

For absolute workload decision tree
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| | 5 5 7 5 =] 7| |Mhers W%
R 1 z ] 1 z 3 System o
45 Yerify Information sourceftrust | M | L3 4 | |Traffic %
i i 5 5 7 5 =] 7 hers W%
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For relative workload decision tree

Participant numirern:

Date:

Al O

Time:

Sector:
Weather Conditions:

Has mental workload [evel for] |s the task easier or more | [Please rate the increase or,|

TASK ITEMS

T
'

| the task changed significantly in; dificult? Please rate the
' the new system 7.

change in difficulty.

decrease in mental effort |
reguired to perform the

Please attribute the change in workload (in terms of
|percertages) to category of factors below. 1f possible,
‘please spedfy what are the specific fadors.

I )
| hd | -1 -2 -3 | -1 -2 -3 | |S\;‘s‘tem Fo
1. Priaritize tasks Y u] 00 u} ¢ Traffic )
| R 2 311 2 3 | |Others %
HE -2 30 A -2 -3 1 System %
2. ldentify potenial conflicts | " | 0 I a | | Traffic A
i i 1 2 3 b 1 2 3 | Others %
v T 4 7] 3 1T 4 ] 3 1 [System %
3. Scan inform ation dizplays Y a [ 1] L Traffic 3
! I 4 2 3 11 4 2 3 | lothers %
oy -1 -2 -3 -1 -2 -3 System 3
4. Apply previous expetience ! I ! a ! ! 1] ! !Trafﬁc %
{ K 2 3 4 2 3 Others %
5. Share infonm ation § Communicate with tesm - '01 o S 'J = S :fff:: :
il I Mo 2 s 2 3 I !Others o
1 ¥ | -1 -2 -3 | | -1 -2 -3 | |System £
E. Infoarmn stion gathering and inte poret ation H " H a " [} » o Traffic -
| | il 2 3 I 1 2 3 | [Others: %
B ] 3 . A ] 3 System %
7.ScanFPS | M I o I i | [ Tratfic %
i L1 2 3 1 2 31 iOthers %
B. Divitle sttention (=.. Spesking and writing stthe | © | . = ST s 2 = 'f:’:f:: o
. PM 2 3 11y 2 3 | lothers %
i N i -1 -2 -3 i i -1 -2 -3 i iSy‘S‘tem )
9. Choose solution Y u] " u} i Traffic )
i i 1 2 3 i 1 2 3 | Others k)
10. E valuate options against traffic situation § gL -1 -2 3o - -2 -3 1 System %o
conditions I | o Il y IS =
' ' 1 2 & v 1 2 & +Dthers %
B 7] = ] 3| |Svstem %
11 . Articipate future traffic situstion T i a 1 Traffic %
| | 1 2 3 I 1 2 3 | [Cthers %
A ] ] ] 31 System %
12. Integrate information S ! ! o I 1 Traffic %
' ' 1 2 ] v 1 2 ] + Others %
Paoe 1 of 4

AlM O

Has mertal workload level fori
(the task changed significantly in

|z the task easier or more
difficult? Please rate the

[Please rate the increass orl
decrease in m ental effort :

|Please sttribute the change in workload (in terms of
‘percentages) to category of factors below. 1f possible,

I |
TASK ITEMS | the new system ’r‘| change in difficulty. i i reguired 1o perform the | |p|eaae specity what are the specific fadtors.
13, Uze mental or phesical cues (E.g. cues, U ! -1 -2 -3 -1 -2 -3 1 ISystem k3
cocking rips, notes or mental tags) to rem ind | n | 0 Il il | |Traffic %
oneself of actions required i ] 2 3 01 2 3 | Others %
I v | 4 -2 31 A -2 -3 | [Syetem %
14, E valuate the consequences ofthe plan H M ] ] | Tratfic %
| I 1 2 3 19 2 3 | lothers %
R -2 B -2 -3 ! rSystem %
15, Ligten for relevant inform ation by o I I 1T ratic %
' Lo 2 3 2 3 ! Others %
I 2 S 2 -3 [System %
16. Manage and regulate vworkload i M i i i i i i iTrafﬁc S
' ' 1 2 3 I 1 2 3 Others ]
Yo A -2 5oy A -2 -3 Svetem %
17. Agk for information Y u] v il ' Traffic k3
| | 1 2 3 01 1 2 3| [Others %
18. P erform actions before afc arrives in sector or T E I T . -3 System o
irto area of responsibility ! M ! 10 5 3 ! ! 10 2 5 ! !gﬁ;ﬁ; %
19, Prioritize and Update curently useful and ! e ! -01 e 8 ! ! _01 o= & ! !?:?f:: :
relevant knowdedge in working memory | N 1 5 3 | | 1 2 3 | |Others a,
2_0. E xtr.act relevant ds!ta for traffic assessment i i i '01 = : i i 'S oz . i i%ﬁﬂﬂ?: %
vizual displays (level, time, route, speed) : M ; 1 5 3 1 2 3 Others a
R -2 S]] -2 -3 1 System %
21. Recognise confict w1 O )0 | | Tratfic %
! v1 2 3 v 1 2 3 Others %
22 Recognizs the need to request asistance ! e ! i e 8 ! ! oL o= & ! !S\,-'sﬂem e
before workload exceeds capacity HE o HH . gLl i
| |1 2 3 1] 1 2 3| |Others %
VY -1 -2 30 -1 -2 -3 System kS
23, Resolve conflict | M I o [N | [ Traffic %
1 L1 2 3001 2 3 iOthers %
I -2 ERR R -2 -3 TTSystem %
24, Retrieve inform ation from Long Term Memory N ' u] H u] v Traffic %
R 2 z I p) 3| lothers %
0 I T T
25. Scan Radar or any ATC DSE (Display Soreen | ¥ | ‘D" 2 3 I _01 -2 3 | |$3’§1§2‘ i
Equipment) or FO PSS equipm ent : M : 1 5 3 1 2 3 Others a,
Page 2of 4
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AlM G

:the task changed significantly in:

Ha= m ertal workload level for| |s the task easier or maore | | Plesse rate the increase or| iPlease attribute the change in workload (n terms of

difficult? Please ratethe . decresse in mental effort |+ percentages] to categary of factors belowe. |f possible,

I
TASK ITEMS | the newsystem 7| change in difficulty. i i reguired to perform the | |please spedfy what are the specific fadtars.
96 Check against traficthe feasibiity and g ‘01 2 A ‘01 & = :?vﬂ;m i
relevance ofthe reguest | M | 5 3 I I 1 3 3 | !Ort?'ue:s o
I I i L
27. Chedk external inform ation and oather ! e ! = . . ! ! 01 & . ! !?;[jﬁ?cm :
e I 2 3 Il 2 3 | lothers %,
R -2 3o 4 -2 -3 rSystem %
28. Update weather intorm ation . I q | ITratic %
! o 2 3 01 2 3 Others %
B -2 U] -2 -3 1 ISystem %
29, Formulate appropriste action or response i " i ] i i 0 i iTrafﬁc %
' ' 1 2 3 ' 1 2 3 Others A
| b | -1 -2 -3 11 -1 -2 -3 | |Sysiem k-
30. Formulste decision options I M I i u] 1 Traffic U
| |1 2 3 11 2 3| [Others i
B -2 30 A -2 -3 System %
31. Anticipate team member’s needs [ capability | M | 0 11 0 | [Traffic %
| 1 2 3 1 2 3 Others £
IBEEREE] -2 ERRIEE] -2 -3 | [System A
32. Check information sources : oy oo D |\ Traffic %
! ! 2 3 Iy 2 3 | lothers %,
3. Identify tasks which are highly similar (e.q. oy A -2 B - -2 -3 System -
zam e ingruction that needs izsuing to seweral ! B ! ! ! u] ! ITrafﬁ-: U
pil cit5) i o1 2 3 001 2 3 | |Others %
] -2 T 2 -3 System %
34. Chedk order and priority of actions in plans i H i ] i i u] i iTrafﬁc U
' [ 2 3 1 2 3 Others %
35, Develop new plan for the novel situation 7 | it | ol = = I I 01 = = | I?;ﬁ:cm i
e M 2 I 2 3 | |Others %,
Yo A -2 30 A -2 -3 System %
36. E waluate importance oftasks | M I 0 I 0 | I Traffic %,
i 1 2 3 01 2 3 | iOthers %
| [E R R T R R I
37 Maonitor own capacity to cope with actual ' it ' S = < v 01 = < ' ﬁ:{:tf:;n :
Ll LWy 2 3 Iy 2 3 others 5%
1 1 L} (B}
5. Proadive inform stion gatheringinterpretation | ' | ) oz S ‘01 ‘2 = |$;fjﬁ?cm i
for team members : M : 1 3 a0 1 5 3 | iOthers o,
Page 3of 4
AN O

Has mental workload lewel far|
:the task changed significantly in:

|= the task easier or more

iPIease rate the increass Dri iPIease attribute the change in workload (in terms of
difficulty Please rate the

. decreaze in mental effort . percentages) to category of factors belowe. | possible,

T
|

TASK ITEMS I the new system 7| change in difficulty. i |  reguiredto perform the | |please specify what are the specific fadtars.
. . e e -1 -2 -3 -1 -2 -3 ! 'Systemn P
39. Recall and idertify exigting knowdedge (rules, 0 o o o 0 IT s o,
infornation) for an analogous situstion ! M ! 1 2 3 ! ! 1 2 3 ! !Ort:ercs a
40, Azsess impact on own and/or team” s waorkload ! e ! il = . ! ! = = . ! !Sys‘tem -
and priortize reque st M o 1 o g Ui £
[ & | [ 2 3 I 2 3 | lothers %
O -1 -2 e B -1 -2 -3 'System T
4. Scan reminders ! M ! ul ! ! ul ! !Trafﬁc: P
] 1 2 3 1 2 3 1 Others %

T T TT TT
42 Tidy up strip display and put in place mertsal i e i _01 = & i _01 = = H :.IS.::‘;:: :
reminders for next controller ! M ! B e e ! ! B . . ! !Others =
| A | -1 -2 -3 I -1 -2 -3 | |Sy‘3‘tem T
43, Time share between tasks o ul 00 ul L Traffic P
| |1 2 3 | 1 2 3| |Others %
44 Update ATC knowtedge and sssimilste inta © ¢ 0 ) = S A = -3 | System i
exjsiting knowdedoge 'O Il a | | Traffic U
i H 1 2 3 i 1 2 &) | Dthers T
T 4 -2 5 T A -2 3 [ TSystem o
45, Updste team information : N Lo noon L Traffic %,
| I 4 2 a3 11 2 3 | lothers %
P -1 -2 - B -1 -2 -3 ! System T
46 Werify Information sourcetrust ! M ! u] ! ! u] ! !Trafﬁc: k-
i o 2 3 01 2 3 Others %
Page 4 of 4
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APPENDIX L: AIM-COG RECORDING FORMS

For absolute workload decision tree

AIM Cognitive sub-scales

Participant number: Date: Time: Sectol:
Weather Conditions

[Howessy or difficult wasthelT  Please rate the mental I'Plesse atribute the workload (in terms of percertages)

Iz mental warkload for the:

I I
task aocentahle? task? Please rate the ease © 1 effort required to perfarm O fathe categary of factarz belowe. 11 pogsble, pleaze
TASK ITEMS mave] or dificuty. I the task. I specify what are the specific factors.
Multitas king . 0 I
Yo z EHEE] z 3 syRem %
Priritize task s | M | 4 || 4 | !Trafﬁc %
! A G 75 G 71 1Others k3
I 2 a T 2 3 | TSydem %
Inform ation gathering and interpretation ! " ! ) ' ) " 'Traffic %
PN g 5 ; 5 7 lothers
Divicke attention (e.0. Speaking and witing =t the | Yo z oot z 3| (Sydem %
mametime) TR 4 " 4 o Trafic %
1V s B 7 4 5 B 7 | [Others %
[ 2 o0 2 3 Sygem %
Check information sounces Iy ! 4 1 4 | |Trafic %
] g & 75 & 7 Others %
ldentifytasks which are highly similar (g, same l v l ! i 3 ” ! i 3 l !?f:tf;cm :
instrudtion that need = izsuing to zeveral pilots) | b I . 1 s . 7 1 Iothers %
HEREE z P z 3 isygem %
Ewaluate importance oftasks ! N ! L) !! L) ! !Trafﬁc kS
] g & 75 & 7 'Others %
I z ] z 3| Sygem %
Time share between tasks | M | 4 ” 4 | Traffic %
] A G 7 o 5 G 7 Others %
AIM Cognitive sub-scales
Participant number: Date: Time: Sector:

Weather Conditions:

bz ] weiklaes i the! Hovregsy or difficutt wasthe! | Pleaze rate the mental | Please attrikute the workload (in terms of percentages)

I
i ' tazk? Please rate the eqse

I I
task acceptable? ii effart required to perfonrm i i tathe categary of factors below:. | possible, please
TASK ITEMS Y ar difficulty. " the tazk. L specfy what are the specific factars.
Direct attention to information sources and monitoring 0 L
Y z FEHEE z T . sygem %
=can information displays | N | 4 Il 4 | ITraffic S
I & T B 7 0 Othets %
Py Ty z 3 Ty z 3 | Toydem %
Scan FPS I N I 4 “ 4 I iTrafﬁc £
1 .5 G T . 5 g 7, Others %
i Y | 1 2 3 ” 1 2 3 | iS\,fstem %
Lizten for relevant information Cwl 4 i 4 : :Trafﬁc %
| [ i L T ] 7| [Others %
IR 2 L 2 30 sygem %
&zk for information oy ! 4 1 4 | |Traffic %
J ' g 7 5 fi 7 Others %
Y T 1 2 3 I 2 3 | |sygem %
Scan reminders i N i 4 ili 4 1 Traffic %
| | 5 5 7 Il s & 7 | lothers %
Scan Radarorany ATC DSE (Display Soreen i v i ! 2 3 ii ! z 3 i iS\,rstem .
Equipmert) ar FOPS equipment M 4 " N  1rBfic %
) "5 g 7 '8 fi 7 'Others %
I F R z 3 | Sygem %
Check inform stion sources | N | 4 ” 4 | Traffic %
\ 5 g 7 o 5 G 7 (Others )
i Y | 1 Z 3 ” 1 z 3 | iSystem %,
Inform ation gathering and interpretation BT 4 il ) ¢ Traffic g2
| | 5 b 7 1l 5 fi 7 | |Others 3
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AIM Cognitive sub-scales

Participant number: Date: Time: Sector:
Weather Conditions
I R —— forthe!HDWBaSY or difficult wes the [T Plsass rate the m ertal I TPlease affribute the workload (in terms of percentages)
o P table?' task? Pleasle rate the ease ' effort required to perform @© © tothe categqry of factars below: llfposs:ble, pleass
TASK ITEMS ! H ! o difficulty. ! ! the task. ! ! spedfy what are the specific factors.
Take account of and process external information i i
BEE = FEE] = 3 . SyRem %
Irtegrate inform ation | . | 4 Il 4 | [ Trafic %
i 5 5 7 115 5 7 1 iOthers %
Extrad relevant data for traffic assessm ent visual : i : U - E : : g - e : :System e
displays flevel, time, route, speed) | Mo 4 1l 4 | lTrafﬁc £
! ! ! i i 5 5 7 ol [ 5 7, Dthers E3
i bl i 1 2 3 i i 1 2 2 i iSystem %
Check inform ation sources TR 4 o 4 0 :Trafﬁc kY
| 1 5 =] 7 1 5 =] 7 | |Dthers ]
O | 2 -2 2 3 System k)
Inform ation gathering and interpretation [y ! 4 11 4 | | Traffic %
! e i T R i 7 ! thers %
AIM Cognitive sub-scales
Participant number: Date: Time: Sector:
Weather Condition s
L \e mental vorkload for the HEWEasy or difficut wes the T Fleass rate the mental | T Please afiribute the workload (in terms of percertages)
0 tazk acoentsble? task? F‘Iea&_e rate the ease * effort required to perform © ¢ tothe c;ategqr\,f of factars below. .I f pozsible, please
TASK ITEMS ! " ! or difficulty. ! ! the task . ! ! specify what are the specific factors.
Memory Management | | i i
Priovitize and Update currently usefl and relevant | L . . . Gh g S i
kniowded e in working memory l ] l 5 I l i I !Trafﬁc .
1 1 5 5] 7 1 5 5 7 v 1Others k]
I z FHEE 2 3 | Sygem %
Retrieve information from Long Term Memary i M i 4 ii ) i iTrafﬁc %
i i 5 G 7 . 5 =] 7, Others )
i v | 1 2 3 I | 1 2 3 I Sydem S
Update weather information o 4 0 4 0 :Trafﬁc k)
| | 5 5] 7 11 5 =] 7 | |Others U
O] 2 | 2 3 Bystem o
Check order and prionty of adions in plans Iy ! 4 11 4 | |Traffic o
! L5 = 7 oA 5 7 Others )
| % 1 1 2 ER K 2 3 | |Sydem B
Update team infarm ation . N . 4 :: 4 i Traffic g3
| | s & L & 7 | lothers %
oY 1 2 3 0 1 2 3 v System k)
Integrate inform ation ! M ! 4 ! ! 4 ! !Trafﬁc W
' ] i T " A fi 7 ' 'Others T
Us= mental or physical cues € . cues, cocking | v | 1 z 3 4 1 2 3| |Sydem 3
grips, notes or mental tags) to remind oneself of i M i 4 i i L i | Traffic Ha
adions required \ \ 5 5] 7 . 5 5 7 . Others k]
Update ATC knowledge and assimilste into [ . 2o e S R Cul )
exigting knowledge LM 4 " # G LLELLL o
| | ] G 7 1l ] =] 7 | |Dthers %
AIM Cognitive sub-scales
Participant number: Date: Time: Sector:
Weather Conditions
! = mantal vorkload fDrthe!HDWBaSY or difficult vwes the [T Pleass rate the m ental I TPlease stiribute the workload (in terms of percentages)
! task au:oeptable?l task?y Pleaale rate the ease *0 effort required to perform © @ tothe -:ateggr\,f of factors below. llfpowble, plesszs
TASK ITEMS ! ! or difficulty. ! ! the task. ! ! spedfy what are the specific factors.
Build and maintain situation awareness | i L
A 2 3 a1 2 3 oysem %
Infarm ation gathering and interpretation ! M ! 4 ! ! 4 ! !Trafﬁc k2
1 1 5 5] 7 n 5 =] 7 v 1Dthers S
I 2 FEEE 2 3 | TSygem %
Anticipate future trafiic situation i M i 4 i i 4 i iTrafﬁ-: %
i i 5 5 7 i 5 5 7 thers 3
i K | 1 z 2 I I 1 2 3 | iSystem %
Integrate inform ation T 4 o 4 0 :Trafﬁc %
| | ] =] 7 11 5 5 7| [Others 3
Y 2 a1 2 3 System k3
Werity Inform ation sourcedrust Iy ! 4 11 4 | |Traffic £
! - £ 7 g i 7 0 'Others %
Evalqgte options aoains trafic stuation / ! i ! ! Z ® ! ! ! i s ! !?:ﬁ:cm :
—— PR 5 7 1l s B 7 | lothers %
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Participant number:

AIM Cognitive sub-scales

Date: Time:

Sector:
Weather Conditions:

|= mental wotklosd for the

Howeasy or difficutt was the

P lease rate the mental

| Pleasze attribute the workload (in termz of percentages)

I I
task acneptable?i tazk? Please rate the eass ;i effort required to perform i i tothe category of factors below. |f possible, pleass

TASK ITEMS . ot difficufty. . the task. L specify what are the specific factors.
Planning I I I

T 2 ] z 3 Sygem %
Idertify potenial conficts I . I a4 I 4 | ITratie %

! 15 i 7 0 5 fi 7 0thers %

Py Ty 2 z T 2 3 | Toydem %
Infortm ation gathering and interpretation i N i 4 ii 4 i iTrafﬁc %

. e i 7, & fi 7, Others %

i Y | 1 2 3 ” 1 z 3 | iSystem %
Articipate future trafic situstion T 4 it 4 : :Trafﬁc %

| | 5 5 7 1 5 g 7 | !Others %
Perfarm actions hefore alc arfves in ssctor or inta L z 3on z S o
area of responsibility I M I 4 I 4 L |

' '5 fi TN i 7 lthers %

[ ¥ 2 2 |l 2 2| [sygem %
Evaluate the consequences of the plan . " . 4 " 4 L Traffic %

| " | s & 7 Il s B 7| lothers %

R 2 T 2 3 Sygem %
Form ulate appropriste action or responze ! N ! 4 ! ! 4 ! !Trafﬁc %

0 i fi T fi 7 'Dthers %

AIM Cognitive sub-scales
Participant number: Date: Time: Sector:
Weather Conditions:

TASK ITEMS

|z mental workload for the

task acceptable?|

P leaze rate the mental
effort required to perfann
the task.

Howeasy or difficutt was the
tazk? Please rate the easze
or difficulty.

I Please attribute the varkload (in term= of percentages)
tothe category of factors below: |fpossible, please
spedfy what are the specific factars.

Decision Making

] !

§ !

[ 1l |
R z R z 3 1 Sydem %
Recognise conflict ! N ! 4 !! 4 ! !Trafﬁc %
| 5 i 7 u 5 fi 7 v (thers %
Evaluste options againa traffic stuation § ! it ! ! z 3 :! ! z 3 ! :System 0
condtions [ Mo N 1l 4 | Trafic %
. ] g 7, & b 7 |Others %
Check againa traffic the feasibilty and relevance | i | ! 2 3 Il ! z 3 | lSystem *
ofthe request U 4 il 4 i :Trafﬁc L
| & 5} T 1 & G 7 | Others %
[ AN | 2 3 o0 A 2 3 Sydem %
Articipate team mem ber's nesds ! capahility i N i 4 ii 4 i iTrafﬁc %
! -] g 7 v 5 i 7 v (Others %
Aszess impact on own andior team s workload ! i ! ! z 3 !! ! z 3 ! !System i
and priotitize request N 4 A 4 Pl i
! | 5 i 7 I| ] & 7 | !Others %
[ | z I o0 1 z 3 Sysem %
Fommulate appropriste action of responze ! N ! 4 !! 4 ! !Trafﬁc %
0 T i B DL fi 7 ' (Others %
R 2 K 2 3 | Toygem %
Famulate decizion options i N i 4 ii 4 i iTrafﬁc %
. o g 7 . & i 7 (Others %
i Y | 1 2 3 ” 1 z 3 | iSystem %
Choose zaltion e 4 ¥ 4 o Traffic %
| | 5 i 7 11 5 fi 7 | |Others %
. 2 )OI z 3 Sygem %
Fesalve confict | N | 4 1 4 | [Traffic %
. .5 g L 6 7 Others %
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Participamt number:

D ates

AIM Cognitive sub-scales

Time:

Sector:
Weather Conditions

|
TASK ITEMS !

= mental workload farthe!Howeasy or difficult was the

task acceptable 7|

tazk® P

lease rate the ease

or difficutty. the task.

P leasa rate the m ental
effort required to perfarm

! Pleaze aftribute the wotkload (in terms of percentages)
tothe category of factors below. | fpossible | pleass

Diagnosing and Problem seolving

! sped fy what are the specific factors.
i

1 !

! :

L i i
| 2 3 o 2 3 Sydem %
Annly previous experience i M i 4 i i 4 i iTrafﬁ-: %
! s fi T ! & i 7 Others %h
[ | 2 3 11 2 3| [Sydem %
Evaluate the consequences of the plan i M i 4 B0 4 I\ Traffic %
| | s 5 7z Il s & 7 | lothers %
EEE] 2 FEHE] z 3 Gystem %
Fomm ulate appropriate action or response ! M ! 4 ! ! 4 ! !Trafﬁc g
i 0 5 =] 7 oo 5 5] 7 0 Others S
Ty T z EEHE z 3 | ISystem %
Crevelop newsplan far the nowel situation ! problem i M i 4 i i 4 i iTrafﬁc k)
) S 5] 7 Ho G 7 Others %
i Y | 1 z 3 | | 1 z 3 | iSystem %
Inform ation gathering and interpretation Y ) s 4 0 :Trafﬁ-: %
| | 5 5 7 11 5 5] 7 | |Qthers £
B 2 E] oA 2 3 Gystem %
Articipate future traffic situation | b | ) 11 4 || Trafic %
i B ] g 7 hES 5 7 iothers %
% 1 1 2 3 [T 2 3 | [Sydem %
Irtegrate inform ation i N i 4 i 4 I Traffic %
| | 5 [ 7 Il s & 7 | lothers 3,
[ 1 2 3 " 1 2 3 oSystem Yo
Chooze solution ! M ! 4 ! ! 4 ! !Trafﬁc %
. ] 5 7 B ] & 7 Others %
B 2 EEHE] 2 3 Sydem %
ity Inform ation sourcedrust i N i 4 i i 4 i | Traffic %
H ' 5 5] 7 K 5 G 7 Others )
R ecall and identify existing knowledge (rules, | it | i c c 1l i E = |System £
infonm ation) for an analogous situation i M : . ¥ 5 I LENC e
| | & 5 7 1l s fi 7| |others %
LY 1 2 3 il 1 z 3 Sydem %
Check extemal informsation and gather evdence | h | 4 I 4 | | Traffic %
i - 5 7 45 & 7 . Others %

AIM Cognitive sub-scales
Participart number: Date: Time: Sector:
‘Weather Conditions

task?

= mantal warkload farthe!Howeaw or difficutt was the

task acceptable?|

Please rate the eass

P leaze rate the mental
effort reguired to perfonn

! Please sttribute the workload (in terms of percentages)
to the category of factors below. | possible, pleass

! spedty what are the specific factors.

TT l
TASK ITEMS or difficulty. 1l the task . !
Team awareness | | || | |
B z I z 3 myRem %
Manage and regulate workload ! M ! 4 ! ! 4 ! !Trafﬁc W
! !5 G 7 15 5 7 Others i)
T T T T
Femanise the need to request asistance before i U 1 i 3 O 1 i 3 { :?:’::Cm :
work| oad excesds capadty [ . 7 g & 7 ! lothers %
\ 1 i L
i k3 I 1 2 ] I | 1 2 ]} | iSystem %
Monitor own capacity to cope with actual workload Mo 4 I 4 i Traffic kS
| | s & 7 15 6 7 | |Others %
Lszzess impact on own andior team s workload i i i i i e i i E i E i i?radf:cm :
and prioritize reque st ¥l
i H 5 G 7 i 5 5] 7 L Dthers k3
Proactive information gatheringdinterpretation for ! i ! 1 i 3 ! ! 1 i 3 ! E:?ﬁ?cm :
team mem bers [T & 7 1l s & 7| lothers %
Share inform ation § Comm unicate with team i it i L i = i i L i & i i?r::cm :
members : M Lo & 7 Y5 5 7 ' Others %
T T z I z 3| SyRem %
Articipate team member's needs [ capability i M i 4 ii 4 i | Traffic %
: ' 5 G 7 I 5i 5] 7 i Qthers o
i El | 1 z F] | | 1 z 3 | iSystem %
poate teatn inform ation i . 4 . 4 . Traffic
Update team inform ati 8 o ¢ Trafh %
| | 5| 5] 7 1l 5i 5} 7| |Others i)
. 1 2 3 B 1 2 3 Sygem %
“erify Inform ation sourcetrust | M | 4 1 4 | | Traffic A
i S 6 B N0 6 7 Others %
Tidy up strip display and put in place mental ! i ! 1 i 3 !! 1 i 3 ! E:?ﬁ?cm :
teminders for next controller i M i s N . i i 5 . . i iOthers o
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For relative workload decision tree

Participant number:

Date:

AIM Cognitive Sub-scales

Time:

Secton:
Weather Conditions

TASK ITEMS

|
0 for the task changed:
| gignificantly inthe new

Has mental mmloadlew\eli |sthe task eagier or more iiPIease ratetheincreaaenri

dificult? Pleaze ratethe @ decrease in mental effort
change in difficulty. || requiredto perform the

Plesse attribute the change in workload (in terms of
percertages) to cateqory of factors below:. [f possible,

Multitas king

|
i please specify what are the specific fadors.
1
1

|
I I 1 1
| | 11 1
] 2 I -2 3 Sydem %
Prioritize tasks | N | o TR | |Trafic %
I 1 2 G| 2 3+ others %
[ 2 o oA 2 30| |System %
nfarm ation gathering and interpretation ! " Lo o VI Traffic %
| | 1 2 S | 2 3 | |Others %
T T TT T T
Divide sttention (e.9. Speaking and witing st the | u | 01 2 . ” I; 2 . | i?:’:f:cm i
pam e time) M 2 30 2 3 . Others %
Py T4 2 31T -2 3 T Toydem %
ICheck inform ation sounces ! N B o v Traffic %
L 3 3 1y y 300 others %
dertifytasks which are highly similar (e, same | u | E|1 2 . 1l 01 z . | Iﬁjﬁ?cm i
nstrudtion that needs issuing to several pilats) i i Lo 3 T 5 3 Others o
: Y : -1 2 3 an - 2 3 g :S\,fstem %
Evaluate importance oftasks Iy | 0 1 0 | [Trafic %
! L1 2 3 oA 2 3! !Others %
[y A 2 3o A 2 30 |Bydem %
Time share between tagks | " - oo 1\ Trafic %
| |1 2 L 2 3| |others %
AIM Cognitive Sub-scales
Participant number: Date: Time: Sector:
Weather Conitions:

| Hasmental varkload level|
0 for the task changed:
TASK ITEMS | significantly in the nesw

|sthe task eagier or more | | Please rate the increase or |

difficult? Please rate the
change in difficufty.

' decreasze in mental effort
reguired to perform the

Please attribute the change in workload (interms of
percentages) to categary of factors below. |f pozsible,

Direct attention to information sources and monitoring

|
i please specity what are the specific fadors.
1
i

L |

[N} I

o L |
AT | 2 ST -2 -3 Bysem %
[oan information displays i N i il ii ] i |Trafﬁc %
] C 2 g o 2 3 wthers %
| YA 2 3o A -2 S| |Bystem %
Eoan FPS ! N ol oD © o Traffic %
| [ 2 3 111 2 3| |Others %
Ty oA -2 ] -2 G Gystem %
Listen for relevant information | . | 0 || 0 | !Trafﬁc %
. o 2 I 2 3 Dthers %
! Y | -1 -2 -3 || -1 -2 -3 | !System %
sk for inform ation i N i il ii ] i Traffic %
, o 2 3, 1 2 3 Others %
. | Y | -1 -2 -3 ” -1 -2 -3 | iS\,fstem %
[Can reminders Cy 0 g 0 : :Trafﬁc %
| | 1 2 Z) n 1 2 Z) | Others %
Scan Radar ar any ATC DSE (Display Soreen i i i 01 2 - ii 01 & '3 i i?::tﬂ?cm :
Equipment) or FO'P S equipm ent ! M o 5 3 0 g 5 3 Others %
Y A 2 3o A -2 G| |System %
I=heck inform stion sources : " L0 | \\Traffic %
| |1 2 3 0 2 3 | lothers %
N 2 K -2 3 Sygem %
niform ation gathering and interpretation ! N ! ] !! ] ! !Trafﬁc %
g 1 2 &) 0o 2 3 0 Others %
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Partici pant number:

AIM Cognitive Sub-scales

Date:

Time:

Sector:
Weather Conditions

| Has mental worklosd Ievel| | zthe task easier or mare 11 Plesse rate the increass or | Please attribute the change in worklosd (interms of
0 for the task changed; difficult? P lease rate the ;. decreaze inmental effiort | | percentages) to category of factors below. 1f poszible,
TASK ITEMS | significantly in the new change in difficulty. 1| requiredto performthe | | please specify what are the specific fadors.
Take account of and process external information :: : :
] 2 T -2 5 Syzsem 3
Irtegrate inform ation I m I L | |Trafic %
0 0 1 2 3 oo 1 2 3 ¢ Others %
Exiract relevant data for trafic aseessment visusl | 7 | 7] & I T & I YR E
dizplays (Jewel time, route, speed) : [yl : o . N IETS =
Plays f . S | | 1 2 I3 11 1 2 3 | |Others k3
A 2 EHE ! 3 System %
Check inform ation sources | i | I n | ITrafic g3
i il 2 3.1 2 3 | Others %
T 2 30 I a -2 3 [ TSystem %
| mforim ation gathering and interpretation ' M ' . a t Traffic %
R 2 a Iy 2 3 | lothers %
AIM Cognitive Sub-scales
Participant number: Date: Tirwe: Sector:
Weather Conditions
| Has mental waorkload Ievel| | sthe task easier or mare 1 Please rate the increase ar | P lease sttribute the change in workload (in terms of
o forthetask changed: difficult? Plesse ratethe . decrease inmental effot | percentages) to category of factors below. 1f pozsible,
TASK ITEMS | significantly in the newy change in difficulty. || requiredto perform the | please specify what are the specific fadars.
v v T 0
Memory Management d d an .
Prioritize and Update currently uss ful and relevant i e i o & 8 i i -01 & & i i?rs?tf:cm :
knoededge i i M
s s R 2 3 7] 3 1 Others %
[ | -2 -3 A -2 -3 | |System k)
R etrieve information from Long Term hem ory ! 1 ! H—" © Traffic o
| | 2 ) 11 2 3| [Others %
I 2 3 A -2 S System %
pdste westher information | N | I o | ITrafic %
i i 2 3 2 3 | Others %
I 2 3 T4 -2 3 T Tsygem 3
Check order and priorty of adions in plans ! B ! to0 ' 'Traffic W
PRy 2 3 Iy 2 3 | lothers 5%
i Y | -1 2 -3 | | -1 -2 -3 | iSystem kS
Updste team inform ation Y ] o 0 . Traffic o
| N 2 ) a1 2 3| Others %
d Y d -1 2 -3 an -1 -2 Bl g :System %
Irtecrate inform ation [T T | |Traffic k)
. . 2 3 R 2 3 | Others %
Use mental or physical cues (E.g. cues, cocking | % | -1 2 -3 1 A -2 S| [Sydem %
Arips, notes or mental tags) to reming oneself of | M H o0 | Traffic %
actions required | | 2 3 1A 2 3 | |others T
Updste ATC knowledge and assim late into Py = 3o _01 = 3 if?’:tfscm :
exdsiting knowled ge [ VA 1 5 3 HH 3 3 U others a
AIM Cognitive Sub-scales
Participant number;: Date: Time: Sector;

Weather Conditions

TASK ITEMS

Has mental workload level |sthe task easier or mare
for the task changed:  difficult? Please rate the
significantly in the new change in difficulty.

Please rate the increass or |
decrease in mental effort
required to perform the

P leaze attribute the change in workload (in terms of
percentages) to category of factors below: If possible,

Build and maintain situation awareness

|
| plesse specify what are the specific fadors.
1
i

| !

11 |

1 n 1

i i i
I ] 3 o 4 = 3 | sydem %
Information gathering and interpretation i M i 0 ii 0 i |Trafﬁc %
i i 2 I T 2 3 Others %
[ 2 S A -2 3 |System %
Articipate future trafic situstion ! M ! H| v i Traffic %
| | 2 3 11 2 3 | IOthers %
A ] = HE] = 31 System %
Integrate inform stion ! . ! Il o | ITratiic %,
. 1 2 3001 2 3 (Others %
! Y | -1 2 -3 || -1 -2 3 | !Svstem %
Yerify Inform ation sourcetrust i M i 0 ii 0 i ‘Trafic %
. L1 2 3 .1 2 3 ) |Others %
Ewaluste optionz against tratfc situation f | it | il & & Il i '2 = | |S'fstem £
conditions N o0 | Trafic %
| 1 1 2 3 11 1 2 3 | Others %
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Participant number:

Date:

AIM Cognitive Sub-scales

Time:

Secton:
Weather Conditions

Has mental workload level
for the task changed!

|zthe task easier or mare
difficult? P leaze rate the

Please rate the increass or
decrease in mental effort |

Please attribute the change in workload (interms of
percentages) to categary of factars below. 11 pozssible,

|
| pleaze specify what are the specific fadors,
1
i

1l
TASK ITEMS gignificantly in the new change in difficulty. i i tequired to perform the |
Planning : : :: :
] 2 I -2 31 Gysem )
Idertity potenial conficts | . | 0 || 0 | |Tratic %
] T 2 | 2 3 others )
[ 2 I A 2 3] |Sydem W
Imform ation gathering and interpretation ! N "] ] C Traffic W
| |1 2 3 11 2 3 | |Others %
A 2 3 1 A 2 3 \Gystem %,
Articipate future traffic stuation | . [0 Il 0 [ Trafic %,
i | 2 3001 2 3 Others %
Perform actions before aic arives in sectar or into Py Z 3o z 3 | Sysden |
area of responaibility i M i g ii . i L2 e
. 1 2 3 0, 1 2 3 Uthers %
i Y i -1 2 3 ii - 2 3 i iSystem %
Evaluate the conzequences of the plan T a n 1] : :Trafﬁc kS
| | 1 2 3 11 1 2 3 | |OthEI’S %
0 Y : -1 2 3 ah B 2 3 : :System %
Fommulate appropriste action or responze T 0 T | |Traffic %
! L1 2 | 2 3 cthers %
AIM Cognitive Sub-scales
Participant number: Date: Time: Sector:

Weather Condition=

TASK ITEMS

Has mertal vorklosd level
for the tast changed:
gignificantly in the news

| sthe task easer or more
difficult? Pleasze rate the
change in difficutty.

Pleaze rate the increase ar |
decteasze in mental effort
tequired to perform the

P leaze aftribute the change in workioad (in terms of
percentages) to categary of factors below. If pos=sinle,

Decision Making

I
| pleaze specify what are the specific fadaors.
1
i

1 I
L
T 2 3 4 -2 3 System %
Recognise confict | N L 0 [Traic %
] ! 2 3 1 2 3 Others g
Evaluate options againg traffic stuation [ ! Y ! 01 : . !! S 2 . ! !?:f;cm %
. M 2 30 ) 3| [Others %
1 | [ 1 1
Check againg traffic the feasibilty and relevance | Y | 01 & ” S g | i??::;cm i
fth t B " G
phlzt R 2 3 2 3 others %
! Y | -1 2 3 || - 2 3 | !System %
Articipate team member's needs § capabilty ! " I v v Traffic %
PRy 2 3 1y 2 3| lothers %
Lz3253 impact on own andior team s workload | i | 01 2 . 1 S 2 . | |$:f:f;cm i
and priofitize request : M i 5 30 5 30 Others a
i Y . -1 2 3 “ - -2 3 . iSystem %
Farmulate appropriate action or response Iy | 0 TR | | Traffic )
! ! 2 oo 2 3 v thers %
| Y A 2 3o 4 2 3] |Sydem %
Fonm ulate decision options ! " I e U Mraffic %
| | 1 2 3001 2 3 | |Others %
A 2 3o A 2 & Gydem %
Choose solution | N Lo Il o | [Trafic %
! 1 2 i 1 2 3 v Others %
! i ' -1 2 3 ” - 2 3 ' !S'fstem %
Resolve confict i " i 0 ii 0 i iTrafﬁc %
i 1 2 301 2 3 Others %
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Participant numbern:

AlM Cognitive Sub-scales

Date: Time:

Sector:
Weather Conditions:

| Has mertal workload lewvel)
0 far the task changed:

TASK ITEMS | significantly in the newy

|sthe task easier of more || Please rate the increass or
difficult? Please rate the @@ decreass inmental effort
change in difficulty. reguired to perform the

Pleasze attribute the change in sworkload (in terms of
percentages) to categary of factars belowe. |f possible,

Diagnosing and Preblem solving

|
i please specify what are the specific factars.
I

|

11 |

i i il i
IR 2 EI I -2 3 T Tsystem %
Aaply previous experience i n i i i u] i iTrafﬁc )
! Iy 2 3 19 2 3 lOthers %
i Y i -1 -2 -3 i i -1 -2 3 i iSvStem )
Evaluate the consequences of the plan N I u] ' :Trafﬁc kS
i | 2 S| 2 3 | |Others %
! Y ! -1 -2 -3 " -1 -2 3 ! :S'y'stem )
Formm ulate approprate action or response | n | 11 u] | |Traffic )
! ! 1 2 3 . 1 2 3 ! Others )
A =] ERTEE 2 3 | |Syzem %
D evelop new plan for the novel situstion § problem | " i H | Traffic %
| | 1 2 3 11 1 2 3 | |Others £
] ] ERHE ] 3 Sysem %
|Imforim ation gathering and interpretation | n | | | u] | !Trafﬁc )
g g 1 2 3 oo 1 2 3 +Others )
Py T ] ELIE -2 3 | Tsysem %
Anticipate future trafic situstion i n i i i i iTrafﬁc )
' i 1 2 3 B0 1 2 3 . Others £
i W | E] 2 -3 | | E] 2 ] | iSystem %
Irtegrate inform ation 'y 1 u] ! :Trafﬁc: g
| | 1 2 3 11 1 2 3 | Others £
N -2 -3 oA -2 3 | System )
Chooze solution | n | Il 0O | |Traffic ]
i i 1 2 3 A 1 2 3 L Others %
Iy | -1 2 -3 11 -1 -2 3 | |System S
“erify Inform ation sourcetrust H " H " L Traffic %
| I 1 2 3 11 2 3 | lothers %
Recall and idertify existing knowledge (ules, i ie i o = = i i _01 = = i i?:t:f:cm :
inform ation) for an analogous situation i ] i 1 5 3 E E 1 5 5 i iOthers o
B 2 ENE 2 EREEES %
Check extermnal information and gather evidence i " i i i i iTrafﬁc: %
| | 1 2 3 X 1 2 3 i+ Others £

AIM Cognitive Sub-scales
Participant number: Date: Time: Sector:

Weather Conditions

| Has mental warkload Ie'vel|
0 for the task changed;
|

TASK ITEMS significantly in the new

|sthe task easier or mare 1 Please rate the increase or
difficult™ P lease rate the : ' decrease inmental effort
change in difficulty. reguired to perform the

P lease sttribute the change in workload (in terms of
percentages) to category of factors below. 1f possible,

Team awareness

|
| please specify what are the specific fadars.
1

|

11 |

1 1 i 1

i i i i
B 2 EE] 2 3 1 Sydem 2
lanage and regulate workload i n i i i u} i iTrafﬁc U
i i 2 3 1 2 3 others %
Recogrize the need ta request asistance befare | v ! g 2 3 I A 2 3 ! E:’:ﬁ?cm i
otk load exceeds capacty | M | 4 5 T 5 3 | |Others %
R 2 ERHE] =) 3 1 Sysem %,
Monitor own capacty to cope with actual worklosd | o | Il 0 | ITratic o,
i i 2 I 1 2 3. Others %

I s E K LI K 1

Azzess impact on own andior team " sworkload u { L & & O D1 s = 0 :ir:ﬁ?cm i
and priontise request ! M ! 2 5 ! ! 1 5 5 ! lothers o
Proactive information gatheringfinterpretation for | ¥ | - 2 -3 11 A -2 3 | |Sy5‘tem %
keam mem bers toy FEE] o Traffic i
i i 2 31 2 3| |Others %
Share inform ation f Comm unicate with team i it i oL = = i i I; = = i i?:’:f:cm i
e — i 2 3 01 2 3 Others 5
[ | -2 3 A -2 3 |Bystem %
Articipate team member's needs [ capability i N i HE— L Tratfic %,
| | 2 3 11 2 3 | lothers k]
AR 2 ] 2 3 . Sydem %
U pdste team inform stion | n | | | ul | !Trafﬁc kS
: : 2 3 oo 2 3 Others ]
| ] I -2 3 T TSydem %
“erify Inform ation sourcafrust i " i i i u} i | Traffic U
. . 2 3 o1 2 3 Others %
Ticky up strip display and put in place mental PV e I T = 3 l?:’:ﬁ?cm i
reminders for next controller i M i 1 2 5 ; i 1 5 5 i iO‘thEI’S o
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APPENDIX M:  AIM-HI RECORDING FORMS

For absolute workload decision tree

AIM-Hi
Participant number: Date: Time: Secton:
Westher Concitions:
i | Howveasy or difficult was[| Pleaze ratethe mental | | Pleass attribute the change in workload (in term = of
: | rtal workload forthe task, 1 ) i
TASK ITEMS | = mertal warkloa ao:l:epteabsll:’r‘“hemg(? Please rate the | |effont required to perform | | percertages) to catedory of factars below. |f possible,
i " easeor difficulty. - the task. i please spedfy what are the specific factors.
.. N I |
Multitas king ; g 5 5 ’ 5 5 Sysem %
To ke able to carry out s2veral mental task = at the same | |
ime. Thisindudes priofitising tasks, dividing attertion i 4 4 Traffic %
etveen tasks such as speaking and witing st the same ! N !
im e, switching attention between different tasks i i 5 G 7 5 B 7 Others kA
Direct attention to information sources . |
o ‘ Py 2 3 1 2 3 Syzem %
and monitoring . A i
Thiz involves scanning inform stion displays, redar or ! !
Etrip dizplays to gather infarm ation, listenting out for ! ! 4 4 Traffc %
relevant informstion, checking inform ation and i ] i 5 B 7 5 B 7 Others 5,
monitaring the radar regulady | |
[Take account of and process information | y o 5 5 ’ 5 5 Sysem %
Thiz involves intemreting inform ation gathered and i i
ntegrating the information. It alza inwlves extrading the I 4 4 Traffic k2
relevant data from various visual displays and auditory Y
nform ation. 0 : 5 53 7 5 B 7 Others %
Memo ry Management ! !
H o 2 3 1 2 3 Sysh %
Thiz involves prioritising and updsting use il and I Y | bl
relevart knowdedge inworking memary, checkingthe 1 0 4 4 Trafic o,
orcer and priority of actions in plans, retrieving relevant | |
nforn ation from long term memary and using mentalar | N, 5 g 7 5 g 7 Others %
hyzical cues to remind oneself of actions required. | |
Build and maintain situation awareness : :
1 2 3 1 2 3 System %%
Thiz involves, building a picture and an understanding of ! Y ! ¥
he current traffic stuation, anticipsting the future trafic | i
kituation, and regularly maintaining and updating ! ! 4 4 Traffc *
wareness ofthe traffc staction. Also, involves veitdng | N |
nfornm ation about trafic stuation. ! ! 3 5 7 3 B i Cthers %
AIM-Hi
I [Howeasy or difficult wes[T Flease ratethe mental [ | Plesse sttribute the change in workload (intemn s of
TASK ITEMS ] B Tl mmlnadafg;&:j:::thetaﬁc? Please rate the | effort reguired to perform 0 g percentages) to category of fadtors belove [ possible,
! : | egze or difficulty. | | the tazk. | | pleaze specfy what are the specific factars,
Flanning ! '
1 2 3 1 2 3 System %
[zenerate a postion plan, formulate appropriste adion or ! i ! g
response and pn.er.f.orm actlnns.beflore alc arr!\aes irta | I 4 4 Trafic %
prea of responsibility. Alzo, resiewing, checking the 0 ]
predibilty and evalusting the consequences ofthe plan, | N | 5 B 7 5 B 7 Cthets o
rolapt plan or generate newa plan, if necessary. . .
Decision Making | |
I [ 2 3 1 2 3 System %
ake decizions for control actions, to solve conflicks and i Y i i
ea! Mh pllqts request. Thls |n\_wolves fo.rmulatlng : : 4 4 Trafic .
ecizion option s, evalusting options againg trafic | |
Hitustion, chooszing =solution and formulating appropriate |+ W 5 B 7 5 B 7 Chhets 5,
Etioniresponse. | |
Diagnosing and Problem solving : :
! v 2 3 1 2 3 System %
dentitythe problem, ind an explanation and generatea | Y | g
Eolution. Thiz al=o involves checking informationand | i 4 4 Trafic %
pathering evidence to verifythe explanation, apply | |
revious experience to zolve the problem or develop s T
nesw plan to zolve a novel situstiondgroblem . | | ] g / g 2 7 BT E:
Team awareness [ y |1 2 3 9 2 3 System %
anage and regulate workload, recognise the need to request: i
r offer azistance before workload exceeds capacity. Also, : ! 4 4 Traffic o
mrofres ass essing impact onteam's wokload, prioritis e tasks '
baing proactive in helping team members, sharing information |y | 5 B 7 5 5 7 cth %
1 1 [=14

nd communicate effectice by, i
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For relative workload decision tree

AIM - Hi
Participant number: Date: Time: Sector:
" eather Concitions:
. Haz mental wokload [evel for the)ls the task easier or mare; | Please rate the increase | | Please attribute the change in workload (intenn = of
TASK ITEMS task changed significantlyin the| dificult? Plesse rate the || or decrease inmental | | percentages) to category of fadors below. If possible,
: newsystem?.  changeindificulty,. o effiort reuired L nlease spedify what are the specific factars,
Py u I
Multitas king o 2 3 p 5 3 0 iSygem %
To be ableto carry out several mental task = at the same |
tim . Thizindudes priotitising tasks, dividing attention L0 0 Traffic ]
hetween tasks such as speaking and waiting &t the same N |
tim e, switching attention between different task= i 1 2 3 1 2 3 Others h
Direct attention to information sources i i
o ) |y ] - 2 3 . 2 3| | Sydgem %
and monitoering P
Thiz involves scanning inform stion dizplays, radar o i H
grip dizplays to gather inform stion, igenting out for ! ! . U UGl G
rele\.fant_ infarmation, checking infom ation and | il | 5 5 1 5 5 Cthars o,
manitaring the radar regulay ] 1
Take account of and process information | y I a2 A 4 2 3 lgygem %
Thiz involves intereting inform ation gathered and | |
integrating the information. t also involves extrading the : g 1] ] Trafic h
relevant data from various visual dizplays and auditory |y |
infarm ation. ' o 2 3 1 2 3 Cthers g3
f t
Mgmo yM anagement . : v 2 3 4 2 3 lSygem %
Thiz invalves prictitizing and updsating use il and | ki |
relevant knowledge in working memary, checkingthe ! J
order and priorty of actions in plans, retriedng relevant | | . U UGS G
|nfor‘r.n ation from Iong term memory aljd using r!'uental ar |l Mo ’ 5 3 1 5 3 Cthers o,
physical cues to remind oneself of actions required. | |
B l_ul_(l and maintain situation awareness I |4 3 4 y = 3 | Sygem %
Thiz involves, building & picture and an understanding of | Y )
the l:L.,II’rEI'I'[ traffic srtuahon,. ant.lqpahng the fut.ure traffic | | 0 Trafic o,
stustion, and regularly maintsining and updating I '
awareness ofthe traffc staution. Also, invalves verifing i il i
infonn ation ahout traffic stuation. ! ! ! 2 3 ! 2 3 Others %
AIM - Hi

| Haz mental workload level for thells the task easier or morel | Flease rate the increase | | Please attrioute the change in workload (in tem = of

I
TASK ITEMS tazk changed signiﬁc:antlyinthe: diticult? Please rate the © or decrease inmental | percentages) to category of fadors below If possible,
! new&ystem?! change in difficulty, | | effor required | | pleaze specify what are the specific factors,
E H 1
Planning A 2 3 R 2 3 Sygem %

Generate a position plan, formulate appropriate adion ar! ki
tesponse and perforn actions before afc arrivesinta

1
|
| |
area of responzibility. Also, reviewing, checking the ] ] 0 0 Traffi *
credibility and evaluating the conseguences ofthe plan, ! M ! ’ 5 5 ’ 5 3 Cthers 5,
adapt plan or generate nevva plan, if necessary. . .
Decision Making [
H - -2 -3 -1 -2 -3 Sysh %
Make decisions for control actions, to solve conficts and i A i bt
dea! W‘th pllpts request, ThIS mYDIves fo.rmulatlng : LD o Trafc 5,
decizion option s, evaluating options againg trafic | |
atqa‘flon, choosing solution and formulating appropriate ! M vy 5 5 ] 4 3 Cithers o
adioniresponze. | |
Diagnosing and Problem solving 0 0
{ oA -2 -3 -1 -2 -3 System %
Identitythe problem, find an explanation and generatea | Y | ¥
solution. This also involves checking information and i 0 0 Trafic %
gathering evidence to verifythe explanation, apply | |
presdous experience to SD|\.-:Bth!3 problem or develop a i M i ’ 5 3 ] 5 3 Cthets 5,
neyyplan to solve a novel situationdarablem . L L
Team awareness I D 4 4 A 3 | lgygem %
hanage and regulate workload, recognise the nead fo request: ,
or offer asistance before workload exceeds capacity. Also, | 0 0 Tratfic o
invohres ass essing impact onteam's wankload, prioritise tashs . i
bei ctive in helping t bers, sharing information | |
2ing proactive In helping team mempers, =harng Infarma IOI'II M : 1 7 5 1 2 3 Others %

and communicate effectiveby. i
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APPENDIX N: INSTRUCTION SHEETS FOR SUBJECTS

For the administration of AIM-Q using the absolute workload decision tree

Assessment of the Impact on Mental workload (AIM)

AIM Q Instructions (Absolute rating scale)
What you need
» Absolute Workload Decision Tree (the sheet covered in clear plastic)
« AIM-Q Recording Form (spreadsheet)
+« This instruction sheet
Introduction

This exercise has been designed to find out your views on the workload placed on you by the system that you
have just used.

It is important that you read all of the instructions before you complete this exercise.

1. Please look at the AIM-Q Recording Form. It looks like this...

| Hovw gasy or cificut was | Pleaszs mate the mental | Pleass abivbote the sorkload (ntenn s of pereemtagess) to
| D) mkbﬁd;:o;;;:]m thetask? Flzase rate the | effort required to perionn | the category of Sctors belcws, |7 possible, please specily
LASKITEDS ' M g Lo | ' 2
N 1 =2 R 1 2 3 System %
1. Erioritie tasis - E ! 2 | Traric %
0 5 £ . 5 8 T Others %
I ] z ER 1 2 3 | lGystem %
[2. ldentify potenial confictz | " El | 4 | Trafic %
i ] & Za 5 8 T Otkers %
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The Recording Form has two purposes.

+« The first purpose is to provide you with a list of items we wish you to evaluate using the decision tree.
These items are shown in the first column of the Recording Form (highlighted by the red box).

+ The second purpose is to provide you with an area to record the decisions that you have made whilst using
the decision tree (highlighted by the blue box). If the rating options in the blue box are not the same as the
rating options on the recording form that you have been given, please notify one of the trial/simulation
staff.

2. Please look at the Absolute Workload Decision Tree. (It is covered in clear plastic)
The Absolute Workload Decision Tree is designed to lead you through four questions

relating to workload. The questions are highlighted by the use
of this box

Your task is to use the Decision Tree to evaluate all of the task items listed in the first column of the Recording
Form.

The Decision tree works from left to right.

Each question in the decision tree has a number of possible answers. These answers are shown in the coloured
boxes (blue, red and green). For example, the blue box in the decision tree provides you with a list of answers

to the questions 'How easy or difficult was the task?

To answer a question please select the most suitable answer from the list of possible answers shown in the
coloured box that is next to the gquestion.

When you have answered a question please record your answer in the Recording Form and then follow the
arrows on the decision tree to the next question.

It is vital that ALL of your answers are recorded in the Recording Form.

The next page shows an example of how to evaluate an item using the decision tree and how to record your
answers on the Recording Form.
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Assessment of the Impact on Mental workload { AIM)
Example of how to evaluate an item using the Absolute Workload Decision Tree

1. Select the first task from the AIM-Q Recording Form.

2. Work through the Absolute Workload Decision Tree from left to right answering each question for the
selected task.

Question 1. Is the workload needed to perform this task acceptable? The possible answers are 'YES' and 'NO'.
To record your answers please circle either ¥ or N on the Recording Form.
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Question 2. How easy or difficult was the task? Please rate the difficulty of the task on a 7-point scale, shown
in the blue box. The rating scale is incremental where 1 is the lowest rating and 7 the highest rating. 3 points
on the scale (points 2, 4 and 6) are labelled with keywords. The other 4 points on the scale have been left
blank but are defined as less than or more than the labelled point. To rate your answer look at the 3 keywords
and decide which one is closest to your rating of 'Task Difficulty’. If your rating is identical to the keyword then
please record the number in the Recording Form. If howewver, you believe that your rating of task difficulty is
not suitably reflected by the keyword then consider the blank points around the keyword.

For example, if you believe that 'Prioritising tasks' was on the "Easy” side of the scale but not just 'Easy’, you
would select point 3 as your answer. Or, if you believe that 'Prioritising tasks' was very difficult to perform you
would select point 7 as your answer. If you believed that the task was neither easy nor difficult, you would
select 4 as your answer. Once you have selected your answer please enter it into the Recording Form.
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Question 3. What level of mental effort was required to perform the task? As in question 2 the possible
answers are displayed on an incremental seven-point scale {(shown in the red box), where 1 is the lowest rating
and 7 the highest rating. 3 points on the scale (points 2, 4 and 6) are labelled with keywords. The other 4
points on the scale have been left blank but are defined as less than or more than the labelled point. To rate
your answer look at the 3 keywords and decide which one is closest to your rating of 'Mental Effort Required'. If
your rating is identical to the keyword then please record the number in the Recording Form. However, if you
believe that your rating of mental effort required is not suitably reflected by the keyword then consider the
blank points around the keyword.

For example, if you believe that you used a level of mental effort to perform the task that was greater than
“moderate” but less than “large” you would select 5 as your answer. Alternatively, if you believed that you
spent a very significant level of mental effort performing the task and believed this amount to be greater than
large you would select 7 as your answer. Once you have selected your answer please enter it into the Recording
Form.
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Question 4. Please rate the percentage of workload that was due to the following factors. System, Traffic and

Others. Enter your decision by writing the percentages into the Recording Form (as indicated by the blue
arrow). It is important that these percentages add up to 100% in total.

If you believe that workload was due to “other” factors please list these factors in the box highlighted by the
red arrow. And if possible, also list the specific system design and traffic factors.
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L L

Please repeat this process for each of the tasks listed in the Recording Form.
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For the administration of AIM-Q using the relative workload decision tree

Assessment of the Impact on Mental workload { AIM)

AIM-Q Instructions (Relative Rating Scale)
What you need
. Relative Workload Decision Tree (the sheet covered in clear plastic)
. AIM-Q Recording Form (spreadsheet)
. These instructions
Introduction

This exercise has been designed to find out your views on the workload placed on you by the new system that
you have just used.

It is important that you read all of the instructions before you complete this exercise.

1. Please look at the AIM-Q Recording Form. It looks like this...

i Ha= mental work losd level o s fhe task essier or more | |Please rate the increase |:|rI |PleaSE attribute the changs in wark loaed Gn 1esm s of
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The AIM-Q Recording Form has two purposes.

« Its first purpose is to provide you with a list of task items we wish you to evaluate using the decision tree.
These items are shown in the first column of the Recording Form (highlighted by the red box).

« The second purpose is to provide you with an area to record the decisions that you have made whilst using
the Relative workload decision tree (highlighted by the blue box). If the rating options in the blue box are
not the same as the rating options on the recording form that you have been given, please notify one of the
trial/simulation staff.

2. Please look at the Relative Workload Decision Tree. (It is covered in clear plastic)

The decision tree is designed to lead you through five questions
relating to workload. The guestions are highlighted by the use
of this box

Your task is to use the Decision Tree to evaluate all of the task items listed in the first column of the Recording
Form.

It is important when answering all of the questions in the decision tree that you base all of your
answers on a comparison between the ATM system that you have just used and the system that you
currently use at work in the operational environment. Unless you have been told otherwise by the
trial/simulation staff. In which case, the trial/simulation staff will inform you of which system you
will be comparing with.

Follow the arrows in the decision tree to lead you to the next question.
Each question in the decision tree has a number of possible answers. These answers are shown in the coloured
boxes (blue orange, red and green). For example, the blue box in the decision tree provides you with a list of

answers to the question, "Was the task easier?"

To answer a question please select the most suitable answer from the list of possible answers shown in the
coloured box that is next to the question.

When you have answered a question please record your answer in the recording form and then follow the
arrows on the decision tree to the next question.

It is vital that ALL of your answers are recorded in the recording form.

The next page shows an example of how to evaluate at item using the decision tree and how to record your
answers on the Recording Form.
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Assessment of the Impact on Mental workload (AIM)
Example of how to use the Relative workload decision tree

1. Select the first task from the AIM-Q Recording Form.
2. Work through the Decision Tree answering each question for the selected task.

Question 1. Has mental workload changed significantly?

Consider the ATM system that you are currently using in the operational room. Compare the mental workload
you experienced when using this new system to the current ATM system in your operational room. Has mental
workload for the selected task changed significantly?

If your answer is 'NO' then by following the arrows on the decision tree you are instructed to move to the next
task (the next task on the Recording Form). Please record your answer on the Recording Form by circling the
™',

If your answer is "YES' then please record your answer in the Recording Form by circling the 'Y' and then move
on to the next question by following the direction arrows.
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Question 2. Was the task easier? If your answer is 'NO' please follow the arrows move onto question 3.

If your answer was "YES', consider how much easier is it to perform the task in the new system. Please select
the most appropriate answer from the blue box and circle the number on the Recording Form. Then follow the
arrows to question 4.
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Question 3. Was the task more difficult? If your answer is 'NO' please circle the 0 in the Recording Form and
by following the arrows move onto question 4.

If your answer was 'YES', consider how much more difficult is it to perform the task in the new system. Please
select the most appropriate answer from the orange box and circle the number on the Recording Form. Then
follow the arrows to question 4.
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Question 4. What was the increase or decrease in level of mental effort that was required to perform the task?
The answers to this question are displayed in the red box. Select the most appropriate answer and enter you
decision by circling the appropriate number in the Recording Form. Highlighted by the blue arrow in the
diagram below.
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Question 5. Please rate the percentage of workload that was due to the following factors. System, Traffic and
Others. Enter your decision by writing the percentages into the Recording Form, as indicated by the black arrow
in the diagram above. It is important that these percentages add up to 100% in total.

If you believe that workload was due to other factors please list these factors in the box, as indicated by the red
arrow. And if possible, also list the specific system design and traffic factors.

Please repeat this process for each of the tasks listed in the Recording Form.
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For the administration of AIM-Cog using the absolute workload decision tree

Assessment of the Impact on Mental workload (AIM)

AIM-Cog Instructions (Absolute rating scale)
What you need
« Absolute Workload Decision Tree (the sheet covered in clear plastic)
« The correct AIM Cognitive sub-scale Recocrding Form (spreadsheet)
e« This instruction sheet
Introduction

This exercise has been designed to find out your views on the workload placed on you by the system that you
have just used.

It is important that you read all of the instructions before you complete this exercise.

1. Please look at the AIM-Cog Recording Form. It looks like this...
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In the green box (in the figure above), is the name of the sub-scale of the recording form. Please ensure that
the correct sub-scale has been given to you. If you have been given the incorrect recording form, please notify
one of the trial/simulation staff.

The AIM-Cog Recording Form has two purposes.

« The first purpose is to provide you with a list of task items we wish you to evaluate using the decision tree.
These items are shown in the first column of the Recording Form (highlighted by the red box).

« The second purpose is to provide you with an area to record the decisions that you have made whilst using
the decision tree (highlighted by the blue box). If the rating options in the blue box are not the same as the
rating options on the recording form that you have been given, please notify one of the trial/simulation
staff.

2. Please look at the Absolute Workload Decision Tree. (It is covered in clear plastic)
The Absolute Workload Decision Tree is designed to lead you through four questions

relating to workload. The questions are highlighted by the use
of this box

Your task is to use the Decision Tree to evaluate all of the task items listed in the first column of the Recording
Form.

The Decision tree works from left to right.

Each question in the decision tree has a number of possible answers. These answers are shown in the coloured
boxes (blue, red and green). For example, the blue box in the decision tree provides you with a list of answers

to the questions 'How easy or difficult was the task?

To answer a question please select the most suitable answer from the list of possible answers shown in the
coloured box that is next to the question.

When you have answered a question please record your answer in the Recording Form and then follow the
arrows on the decision tree to the next question.

It is vital that ALL of your answers are recorded in the Recording Form.

The next page shows an example of how to evaluate an item using the decision tree and how to record your
answers on the Recording Form.

Edition Number: 1.0 Released Issue Page 109




A Tool for the Assessment of the Impact of Change in Automated ATM Systems on Mental Workload

Assessment of the Impact on Mental workload (AIM)
Example of how to evaluate an item using the Absolute Workload Decision Tree

1. Select the first task from the AIM-Cog Recording Form.

2. Woaork through the Absolute Workload Decision Tree Decision Tree from left to right answering each question
for the selected task.

Question 1. Is the workload needed to perform this task acceptable? The possible answers are 'YES' and 'NO'.
To record your answers please circle either ¥ or N on the Recording Form.
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Question 2. How easy or difficult was the task? Please rate the difficulty of the task on a 7-point scale, shown
in the blue box. The rating scale is incremental where 1 is the lowest rating and 7 the highest rating. 3 points
on the scale (points 2, 4 and 6) are labelled with keywords. The other 4 points on the scale have been left
blank but are defined as less than or more than the labelled point. To rate your answer look at the 3 keywords
and decide which one is closest to your rating of 'Task Difficulty'. If your rating is identical to the keyword then
please record the number in the Recording Form. If however, you believe that your rating of task difficulty is
not suitably reflected by the keyword then consider the blank points around the keyword.

For example, if you believe that 'Prioritising tasks' was on the “Easy"” side of the scale but not just "Easy', you
would select point 3 as your answer. Or, if you believe that 'Prioritising tasks' was very difficult to perform you
would select point ¥ as your answer. If you believed that the task was neither easy nor difficult, you would
select 4 as your answer. Once you have selected your answer please enter it into the Recording Form.
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Question 3. What level of mental effort was required to perform the task? As in question 2 the possible
answers are displayed on an incremental seven-point scale (shown in the red box), where 1 is the lowest rating
and 7 the highest rating. 3 points on the scale (points 2, 4 and 6) are labelled with keywords. The other 4
points on the scale have been left blank but are defined as less than or more than the labelled point. To rate
yvour answer look at the 3 keywords and decide which one is closest to your rating of 'Mental Effort Required'. If
your rating is identical to the keyword then please record the number in the Recording Form. However, if you
believe that your rating of mental effort required is not suitably reflected by the keyword then consider the
blank peoints around the keyword.

For example, if you believe that you used a level of mental effort to perform the task that was greater than
“moderate” but less than “large” you would select 5 as your answer. Alternatively, if you believed that you
spent a very significant level of mental effort performing the task and believed this amount to be greater than
large you would select 7 as your answer. Once you have selected your answer please enter it into the Recording
Form.
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Question 4. Please rate the percentage of workload that was due to the following factors. System, Traffic and
Others. Enter your decision by writing the percentages into the Recording Form (as indicated by the blue
arrow). It is important that these percentages add up to 100% in total.

If you believe that workload was due to “other” factors please list these factors in the box highlighted by the
red arrow. And if possible, also list the specific system design and traffic factors.
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Please repeat this process for each of the tasks listed in the Recording Form.
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For the administration of AIM-Cog using the relative workload decision tree

Assessment of the Impact on Mental workload ( AIM)

AIM-Cog Instructions {Relative Rating Scale)

What you need
. Relative Workload Decision Tree (the sheet covered in clear plastic)
. The correct AIM Cognitive sub-scale Recording Form (spreadsheet)
. This instruction sheet

Introduction
This exercise has been designed to find out your views on the workload placed on you by the new system that
you have just used.

It is important that you read all of the instructions before you complete this exercise.

1. Please look at the AIM-Cog Recording Form. It should looks like this...
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In the green box (in the figure abowve), is the name of the sub-scale of the recording form. Please ensure that
the correct sub-scale has been given to you. If you have been given the incorrect recording form, please notify
one of the trial/simulation staff.

The AIM-Cog Recording Form has two purposes.

« Its first purpose is to provide you with a list of task items we wish you to evaluate using the Relative
workload decision tree. These items are shown in the first column of the AIM-Cog Recording Form
(highlighted by the red box).

+« The second purpose is to provide you with an area to record the decisions that you have made whilst using
the Relative workload decision tree (highlighted by the blue box). If the rating options in the blue box are
not the same as the rating options on the recording form that you have been given, please notify one of the
trial/simulation staff.

2. Please look at the Relative Workload Decision Tree. (It is covered in clear plastic)

The decision tree is designed to lead you through five gquestions
relating to workload. The gquestions are highlighted by the use
of this box

It is important when answering all of the questions in the decision tree that you base all of your
answers on a comparison between the ATM system that you have just used and the system that you
currently use at work in the operational environment. Unless you have been told otherwise by the
trial/simulation staff. In which case, the trial/simulation staff will inform you of which system you
will be comparing with.

Follow the arrows in the decision tree to lead you to the next question.
Each question in the decision tree has a number of possible answers. These answers are shown in the coloured
boxes (blue crange, red and green). For example, the blue box in the decision tree provides you with a list of

answers to the question, "Was the task easier?"

To answer a question please select the most suitable answer from the list of possible answers shown in the
coloured box that is next to the question.

When you have answered a question please record your answer in the Recording Form and then follow the
arrows on the decision tree to the next question.

It is wvital that ALL of your answers are recorded in the Recording Form.

The next page shows an example of how to evaluate at item using the decision tree and how to record your
answers on the Recording Form.
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Assessment of the Impact on Mental workload (AIM)
Example of how to use the Relative Workload Decision tree

1. Select the first task from the AIM-Cog Recording Form.
2. Work through the Decision Tree answering each question for the selected task.

Question 1. Has mental workload changed significantly?

Consider the ATM system that you are currently using in the operational room. Compare the mental warkload
you experienced when using this new system to the current ATM system in your operational room. Has mental
workload for the selected task changed significantly?

If your answer is "NQ' then by following the arrows on the decision tree you are instructed to move to the next
task (the next task on the Recording Form). Please record your answer on the Recording Form by circling the
'N'.

If your answer is "YES' then please record your answer in the Recording Form by circling the 'Y' and then move
on to the next question by following the direction arrows.

| Hesmentsl warklosd | l=thetazk easzier or more || Pleass mte the incres 2= or | Pleaze attribute the changs inwsorkd cad (in t=pmes of
H far te tosh chy o difficult? Plesserete the 00 decrease in mental oo ¢ porozrtngeslto cobegnry of factors below, |fpossiole,
TAS K ITEMS | signinicantly in the Yy Chan g in dImcuky. || reguired 1o perfoim the 1 leass specify what &8s the soecific fadtoes
Multir as king — o :
L WP U E] R B 3 Sedem %
Prioritice task e M | D ioa |Traimic: %
i 1 2 3 co 1 2 3 wotbers S

Question 2. Was the task easier? If your answer is 'NO" please follow the arrows move onto question 3.

If your answer was "YES', consider how much easier is it to perform the task in the new system. Please select
the most appropriate answer from the blue box and circle the number on the Recording Form. Then follow the
arrows to question 4.

| He=mertal workload l2vel| |zthe tazk easier or more || Fleaze mte the increaze or | Pleaze atiribute the change in werklcad [in t2rms of
3 for tae tash changed:  difficult? Pleaze rete the -0 decreass in mental sfor ¢ perosntages)to cotegnry of factors beloo | f possiale,
TAS K ITEMS | slgnifcantly in the mesey chan s in dmwtl— || bEquired to perioim the 1 please specity what oe the soeciiic fastoe.
T o T
Mulritasking P~ 0 :
W: -1 -2 w HY &l -2 3 :SVEIBm k)
Prioritice task s M| D ioa |Tratic: %
i 1 2 3 co 1 2 3 WOt S

Question 3. Was the task more difficult? If your answer is '"NO' please circle the 0 in the Recording Form and
by following the arrows move onto question 4.

If your answer was "YES', consider how much more difficult is it to perform the task in the new system. Please
select the most appropriate answer from the arange box and circle the number on the Recording Form. Then
follow the arrows to question 4.

| Hes mental workload k2wl Isthe task sasier or more 11 Flease mte the incres e or Pleaze attribite the change in workload [in t=nms of
3 for the task changed:  difficult? Pleaserete the -0 decreass in mental stfor : perosntages) to category of factors belosy | possiale,
TAS K ITEMS | slgnificantly in the nesws chian o o citiculy. 1| required to perionm the 1 PIEGsE SpEciTy what Bs the Sneciic Festnes.
Multitasking ’-\: :: :
NS 2 3 1 A -2 3 Syderm %
Prioritice tagke | o :.-..: T |Traiic: D
o f 1 2 3 g 1 2 3 wotbers )

Question 4. What was the increase or decrease in level of mental effort that was required to perform the task?
The answers to this question are displayed in the red box. Select the most appropriate answer and enter you
decision by circling the appropriate number in the Recording Form. Highlighted by the blue arrow in the
diagram below.

| Hasmerta worklosd level | sthe task essier or mare || Please rate the inoease or || Plesse attribuie the chanae in worklioad (ntesms of
0 for the fask changed.  dificuli? P eazsraiethe :  decesz inmental etiort @ percentages)to calegory of factors kelow. |1 pozsile,
TASK ITEMS | =gnifcantly in the news chiangs n difficulty. 1 recuired fo patform the | | plesze specify what are the specific fadors.
Multitas king L~ i _!_ i i
N -1 2 -3 - A e 2 - Eystem S0 Mot 25 gy to irtegeret info digplay
Friortizetast s i ] 1 i} I [Tratic 0% Sedor was quite camplex
M n | n [
g 1 2 3 0 1 2 el r riathers 20 FPlannertoo busy o help
o Nt

Question 5. Please rate the percentage of workload that was due to the following factors. System, Traffic and
Others. Enter your decision by writing the percentages into the Recording Form, as indicated by the black arrow
in the diagram above. It is important that these percentages add up to 100% in total.

If you believe that workload was due to other factors please list these factors in the box, as indicated by the red
arrow. And if possible, also list the specific system design and traffic factors.

Please repeat this process for each of the tasks listed in the Recording Form.
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For the administration of AIM-Hi using the absolute workload decision tree

Assessment of the Impact on Mental workload (AIM)

AIM Hi Workload Instructions (Absolute rating scale)
What you need
« Absolute Workload Decision Tree (the sheet covered in clear plastic)
¢« Aim-Hi Recording Form (spreadsheet)
s« This instruction sheet
Introduction

This exercise has been designed to find out your views on the workload placed on you by the system that you
have just used.

It is important that you read all of the instructions before you complete this exercise.

1. Please select the Recording Form. It looks like this...

Howeasy or difficut was | Pleazerate themenia | | Please atribute the change inworkload (intem 3 of
the tash T Flesse rele tue | [2art reguired 10 periorm I I pErCEMtages)to category of fadtors below 1T poss ke,
eaze or difficulty B0 thetask . ' pease spedtywhat are the specific factors

|= mental worklosd farthe task

1
TASK ITEMS I acceptable?

Tobe ahle o carry ot severalmentsl tasks st the same
titn . Thizincudes prioitizng tasks, dividing atention

Detnaen task s such a3 speaking and witing atthe same
titn &, zwitching sttertion between difierenttasks

Direct attention to infonnation sources

Al i nitarinn

The Recording Form has two purposes.

+« The first purpose is to provide you with a list of task items we wish you to evaluate using the decision tree.
These items are shown in the first column of the Recording Form (highlighted by the red box).

« The second purpose is to provide you with an area to record the decisions that you have made whilst using
the decision tree (highlighted by the blue box). If the rating options in the blue box are not the same as the
rating options on the recording form that you have been given, please notify one of the trial/simulation
staff.

2. Please look at the Absolute Workload Decision Tree. (It is covered in clear plastic)
The Absolute Workload Decision Tree is designed to lead you through four questions

relating to workload. The questions are highlighted by the use
of this box

Your task is to use the Decision Tree to evaluate all of the task items listed in the first column of the Recording
Form.

The Decision tree works from left to right.

Each question in the decision tree has a number of possible answers. These answers are shown in the coloured
boxes (blue, red and green). For example, the blue box in the decision tree provides you with a list of answers

to the questions 'How easy or difficult was the task?

To answer a question please select the most suitable answer from the list of possible answers shown in the
coloured box that is next to the question.

When you have answered a question please record your answer in the Recording Form and then follow the
arrows on the decision tree to the next question.

It is vital that ALL of your answers are recorded in the Recording Form.

The next page shows an example of how to evaluate an item using the decision tree and how to record your
answers on the Recording Form.
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Assessment of the Impact on Mental workload (AIM)

Example of how to evaluate an item using the Absolute Workload Decision Tree.
1. Select the first task from the AIM-Hi Recording Form.

2. Work through the Absolute Workload Decision Tree from left to right answering each question for the
selected task.

Question 1. Is the workload needed to perform this task acceptable? The possible answers are 'YES' and "NO'.
To record your answers please circle either ¥ or N on the Recording Form.

i How ey or dificult wa=l | Pleazs rate the mental | Pleas=s atiribute the change inosorkload cin term s of
TASH ITEMS I I= mertal Wmmguﬁg;g;#l the ia=k? Fleaza ratethel | eford reguired to periorm I percerﬂngﬂ) to category of tactors below 1T possible,
: H mane or citficuty, thetask il eane Spectty what are the specific factors.
Mulitas king ! s - - . - - : Svetam =
To be akle to corry out severs mentsl taske st e eame | |
thn & This Indudss priontising tash s, dividing attsntion H H 4 4 ©Tramc ]
bebween task = sich asspeaking ond switing ot the same || I |
tirm &, =wdching attention betveen different task = i i = =3 7 i ] & T ! St hers -

Question 2. How easy or difficult was the task? Please rate the difficulty of the task on a 7-point scale, shown
in the blue box. The rating scale is incremental where 1 is the lowest rating and 7 the highest rating. 3 points
on the scale (points 2, 4 and 6) are labelled with keywords. The other 4 points on the scale have been left
blank but are defined as less than or more than the labelled point. To rate your answer lock at the 3 keywords
and decide which one is closest to your rating of 'Task Difficulty’. If your rating is identical to the keyword then
please record the number in the Recording Form. If however, you believe that your rating of task difficulty is
not suitably reflected by the keyword then consider the blank points around the keyword.

For example, if you believe that 'Prioritising tasks' was on the “Easy"” side of the scale but not just ‘Easy’, you
would select point 3 as your answer. Or, if you believe that 'Prioritising tasks' was very difficult to perform you
would select point 7 as your answer. If you believed that the task was neither easy nor difficult, you would
select 4 as your answer. Once you have selected your answer please enter it into the Recording Form.

[ How =y or difficul =i FPleaze=rats ths mentsl | Pleass ativibite the chanos inosorkload oo tenn s of
TASK ITEMS I (= e i e m’thetas‘_jlma tach® Plaana * || Effar raduirsd to REFoFm | | percartages) ta cate gary af tactars belows |f pozsible,
i Accertakle? mame or difficuity. the task | please specity what are the specific factors.
T T T
Muliitas king 1 = 1 = - | Syctam -
To be akle to carry Oul severs mental task = st the same | |
thn & This Indudss priontising tash s, dividing attsntion ' H 4 " 54 L TraMmc ]
between task = =uch as=speaking and witing =t ihe same | e | Ll |
tiin &, =wdtching attention betveen ditierent task = I I S =] 7 i I 5 =] 7 I Cthers T

Question 3. What level of mental effort was required to perform the task? As in question 2 the possible
answers are displayed on an incremental seven-point scale (shown in the red box), where 1 is the lowest rating
and 7 the highest rating. 3 points on the scale (points 2, 4 and 6) are labelled with keywords. The other 4
points on the scale have been left blank but are defined as less than or more than the labelled point. To rate
your answer look at the 3 keywords and decide which one is closest to your rating of 'Mental Effort Required'. If
your rating is identical to the keyword then please record the number in the Recording Form. However, if you
believe that your rating of mental effort required is not suitably reflected by the keyword then consider the
blank points around the keyword.

For example, if you believe that you used a level of mental effort to perform the task that was greater than
“moderate” but less than “large” you would select 5 as your answer. Alternatively, if you believed that you
spent a very significant level of mental effort performing the task and believed this amount to be greater than
large you would select 7 as your answer. Once you have selected your answer please enter it into the Recording
Form.

[ How swey or cifficult wa=. | Ploazs rats the me=ntsl L Pleass atiribute the chands in workioad O teim s of
TASK ITEMS I 1= mertal m”"‘-"a";;:’;g;?l:‘_jlma task? Plasse ratathsl Ia‘n‘cm requirsd to periorn | | percertages) to cete goryof factars belows If passibie,
H Ease or clifcuty, thetask. Pl eame specity what are the Specific factors.
Mulitas king ! I - - - : Svatam =
To be able o cerry out severs moentsl taskeal he same | |
thn & This Indudss priontising tash s, dividing attsntion i H 4 4 ©Tramc ]
bBetween task = =1ch a=x=peaking and witing =t the sam = | M | |
Litn &, @wdching attention betveen diflerent task s i i S (=] 7 =] 7 ! Tthers e

Question 4. Please rate the percentage of workload that was due to the following factors. System, Traffic and
Others. Enter your decision by writing the percentages into the Recording Form (as indicated by the blue
arrow). It is important that these percentages add up to 100% in total.

If you believe that workload was due to “other” factors please list these factors in the box highlighted by the
red arrow. And if possible, also list the specific system design and traffic factors.

g D Howeesy or dfficult vwas! | Plesserate the mental | Plea=e atiribute the change in workload in term= of
TASK ITEMS | (A CILE] m”"‘-"a"afgc’et;;?l:‘;lma 16547 Plaass ratathel | EMOH e HuIrsd to REFICEn | | peros rtages) to category o f dactors below, | posaible,
; mme o ditficuity i thetaxt . i plem e pecify what are the sp=ciic factors

Multitas king T O‘ . - ( 3, I - - I Cysmtmm  cose  WT9 SERlAYed not aacy to undarstand

To be able to carryout severs mentel task s at the same | Il | smctor was quits comp e

tim . T HiS INCudes Sriontising task s, dividing attsntion 1 1 + . 4 o TraMmc 0%
bebween taxk = such == speaking snd witing =t the s=am = | o | | anner v. busy, insuficient support
tim =, swiching sttention betve en di fierent task s : pos = 7o & v | Cthers 20 S A

Please repeat this process for each of the tasks listed in the Recording Form.
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For the administration of AIM-Hi using the relative workload decision tree

Assessment of the Impact on Mental workload (AIM)

AIM Hi Instructions (Relative rating scale)
What you need
. Relative Workload Decision Tree (the sheet covered in clear plastic)
AIM-Hi Recording Form (spreadsheet)
. This instruction sheet
Introduction

This exercise has been designed to find out your views on the workload placed on you by the new system that
you have just used.

It is important that you read all of the instructions before you complete this exercise.
1. Please look at the AIM-Hi Recording Form. It looks like this...

The AIM-Hi Recording Form has two purposes.

:  Has mental womklosad level or thellsthe task easier or mare]  Plesserate the increase | Pleass attribute the chanoe in workload (in term s of
TASK ITEMS task changad significantlyinthal difficult? Plesss rataths || or decreaza inmental | | percertages) to cotegory of factors below. If possible,
: LIEsy Sl 7 Coance 10 Imcaty, SO recred . plegse sped e wat gte e spedif)c [aetor
r = T
Multitasking A - = A - 3 Syatem o,

s
To he akle to carry out zewveral m entaltaszks at the same

tim e. Thizindudes priontising tssk s, dviding attention o o Tramc k]
between tasks such as speaking and wriling &t the same n
tim =, switching attzntion betve en dfferent tasts 1 2 3 1 2 i) Ot hers )

¢ Its first purpose is to provide you with a list of items we wish you to evaluate using the decision tree. These
items are shown in the first column of the Recording Form (highlighted by the red box).

+« The second purpose is to provide you with an area to record the decisions that you have made whilst using
the decision tree (highlighted by the blue box). If the rating options in the blue box are not the same as the
rating options on the recording form that you have been given, please notify one of the trial/simulation
staff.

2. Please look at the Relative Workload Decision Tree. (It is covered in clear plastic)

The decision tree is designed to lead you through five guestions
relating to workload. The questions are highlighted by the use
of this box

Your task is to use the Decision Tree to evaluate all of the items listed in the first column of the Decision
Recording Form.

It is important when answering all of the questions in the decision tree that you base all of your
answers on a comparison between the ATM system that you have just used and the system that you
currently use at work in the operational environment. Unless you have been told otherwise by the
trial/simulation staff. In which case, the trial/simulation staff will inform you of which system you
will be comparing with.

Follow the arrows in the decision tree to lead you to the next question.
Each question in the decision tree has a number of possible answers. These answers are shown in the coloured
boxes (blue orange, red and green). For example, the blue box in the decision tree provides you with a list of

answers to the question, "Was the task easier?’

To answer a question please select the most suitable answer from the list of possible answers shown in the
coloured box that is next to the question.

When you have answered a question please record your answer in the Recording Form and then follow the
arrows on the decision tree to the next question.

It is vital that ALL of your answers are recorded in the Recording Form.

The next page shows an example of how to evaluate at item using the decision tree and how to record your
answers on the Recording Form.
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Assessment of the Impact on Mental workload (AIM)
Example of how to use the Relative workload decision tree

1. Select the first task from the Recording Form.
2. Work through the Relative workload decision tree answering each question for the selected task.

Question 1. Has mental workload changed significantly?

Consider the ATM system that you are currently using in the operational room. Compare the mental workload
you experienced when using this new system to the current ATM system in your operational room. Has mental
workload for the selected task changed significantly?

If your answer is 'NO' then by following the arrows on the decision tree you are instructed to move to the next
task (the next task on the Recording Form). Please record your answer on the Recording Form by circling the
'N'.

If your answer is "YES' then please record your answer in the Recording Form by circling the "Y' and then move
on to the next question by following the direction arrows.

Has m ental workload e r| 1= 1he task easler or more iplease rate the |nche ses nri iplgagg attribute the chsnge in verkload (ntems of
Ahetesk dangsd signifcartlyin. dificult? Please rata the . decresss inmental sffat - percentages) to category of factors belove |f possible,

TASK ITEMS 1 the new srsmﬂ change n diticaly. | mquired io perform the | |please mpecify what are the =pecific fadors.
Multitasking 4 T -2 ] -2 5| System £
. 9 [l | @ | | Traffic %
H i 1 z 3 H 1 2 3 iCthers )

Question 2. Was the task easier? If your answer is 'NO' please follow the arrows move onto question 3.

If your answer was 'YES', consider how much easier is it to perform the task in the new system. Flease select
the most appropriate answer from the blue box and circle the number on the Recording Form. Then follow the
arrows to question 4.

T Has mental wotdoad 1avel brl Iz the tagk eszier DI"IFB Plesze rate the incresse or| iDIeass attribute tha changein wodklosd (ntemms of
thetssk canged signifcanilyin diffcult Please rate the . decrease inmertal effo | percentades) to caegony of TACtors Reloswy. [T possible,

TASK ITEMS | the newy sa'sm’q change indificubiy | requred o perfarm 1he | ipbaae specify what sre the specific fadors.
Multitasking Ry A EIL € -2 -3 | | System 5%
‘ B Iy | 0O | d | |Trarmc %
1 o 2 3 . 2 3 Cthers %

Question 3. Was the task more difficult? If your answer is 'NQ' please circle the 0 in the Recording Form and
by following the arrows move onto question 4.

If your answer was 'YES', consider how much more difficult is it to perform the task in the new system. Please
select the most appropriate answer from the orange box and circle the number on the Recording Form. Then

Has mentsl worklosd level bri Iz the task el or more | |Flease rtate theincreass of| |Pleass attibute te chenge in workload (ntems of
:thetask dznged signiicarll\,fin: difficult? Please rate the: g decrease inm ertal effart g -peroentagesj to category of factors below |f possible,
TASK ITEMS | the nesw n%| change inditficuly. required 1o perform 1he | |pleaae specify what are the specific fadors.
oA -1 -3

I
. . : [ -2 -3 | System %
Multitasking vl | 0 | | Trafiic %,
I : Lo @ K 2 3 iCthers 9%,

follow the arrows to question 4.

Question 4. What was the increase or decrease in level of mental effort that was required to perform the task?
The answers to this question are displayed in the red box. Select the most appropriate answer and enter you
decision by circling the appropriate number in the Recording Form. Highlighted by the blue arrow in the
diagram below.

Has mental wokload lewe for| [sthe task easier or more | IPEas:e tatethe increase or . Pleas=s stirbute the change in workload (in terms of

the tazk changed significandy in. dificult? Pleaas rate the : cnat inmental effort percentages)ito category of factors below. [fpossibls,
TASK ITEMS the nBWS‘,Eﬂpq_‘H change in difficuliy. | | red to periorm the |p|ease Foecify what are the soecific facors.
. . L S | -2 N -2 -3 |System  S0% not eazy to interprel info displayved
Multitaskin 9 |Kﬁ)| o 11 | Traffic jelus zector waz ouite complzx
| | @ 3 0 @ 2 3 Others  20% planner oo busyto help)

Question 5. Please rate the percentage of workload that was due to the following factors. System, Traffic and
Others. Enter your decision by writing the percentages into the Recording Form, as indicated by the black arrow
in the diagram above. It is important that these percentages add up to 100% in total.

If you believe that workload was due to other factors please list these factors in the box, as indicated by the red
arrow. And if possible, also list the specific system design and traffic factors.

Please repeat this process for each of the tasks listed in the Recording Form.
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APPENDIX O: AIM-Q SCORING TOOL

Mental workload ratings on individual AIM-Q recording forms should preferably
be scored before the data are entered into a data analysis software
programme for statistical analyses or similar, namely for each AIM-Q form
administered the mean mental effort and task difficulty scores for (i) each
cognitive function group, (ii) each mental resource type and (iii) each resource
competition category should be computed prior to further statistical data
analyses.

For example, subject X has completed a AIM-Q form after a work period in
condition Y. Subject X's mental effort ratings are:

- tem2= 6 - ltem14 =5
- ltem6= 6 - ltem18=7
- ltem11=6 - ltem?29=6

To obtain the MWL score on mental effort required by subject X in condition Y
for ‘Planning’, the mean of the mental effort ratings on task items in the
‘Planning’ category of the cognitive function group taxonomy is computed.
That is items 2, 6, 11, 14, 18 and 29. Thus, subject X's score on mental effort
required for ‘Planning’ performance in condition Y is 6.

The ‘AIM-Q Scoring Tool’ is an electronic scoring tool constructed to automate
the scoring system. The tool is based on a MS Excel Workbook. It contains
the following five worksheets, each being individually named:

1. ‘Enter difficulty ratings’: Task difficulty ratings on all task items from each
completed form are entered into this worksheet.

2. ‘Enter effort ratings’: Mental effort ratings on all task items from each
completed form are entered into this worksheet.

3. 'Cog function grp’: This worksheet displays the cognitive function group
(i.e. multitasking, planning, decision-making, etc.) scores (mental effort
and task difficulty) for each completed form.

4. ‘Mental resources’: This worksheet displays the scores (mental effort and
task difficulty) on each mental resource type (i.e. spatial resources, verbal
resources, encoding resources, etc.) for each completed form.

5. ‘Resource competition’: This worksheet displays the scores (mental effort
and task difficulty) on each resource competition category (i.e. high,
medium and low) for each completed form.

Each worksheet is described in further detail in the following paragraphs:
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‘Enter_Difficulty ratings’: Task difficulty ratings for each completed form are
entered into cells along a row. Figure 5 shows an example of this worksheet
and how data is entered.

With reference to Figure 5, from columns G onwards are the task item
numbers. Each of these column heading is colour coded indicating the page
number on which the item can be found. There is a group column heading in
the row above the task item headings indicating the page numbers on AIM-Q.

The first six columns are for entering information about each completed form.
For example, the subject name or identification index, the trial/simulation run
number or identifier, condition or factor level, etc. Columns A-C are left blank
for user's input. Columns E and F are pre-designated for trial/simulation run
number or identifier (‘TriallD’) and subject name or identification index
(‘SubjID’), respectively. Using the example in Figure 5, Row 3 contains task
difficulty ratings of Subject 2 in Trial 1, which was condition 3 in the trial
design. The difficulty ratings for each task items are entered along the row
under the appropriate column heading (i.e. task item number).

A | B [ c ] 8] [ E [ F G | H [ 1 [ 0] kK[ L [ m M [ o[ F [ g rR [ s [ 1T U] v
|1 Page 1 {of AIMiQ}

2 Condition TriallD SubjD[ @1 02 03 04 05 Gb 07 | O _0f  Ql0 ol o1z [ols  old4 o5 a6
EX 3 1 2 7 5 4 2 7 5 2 4 4 3 4 3 B
| 4 | 3 1 1 3 5 4 4 4 2 3 3 [5 3 7 4 [5

5 1 2 1 2 5 4 2 5 3 2 3 3 4 3 7 4 2 4
| & | 1 2 3 5 3 2 5 4 4 2 3 3 7 [ 3 2 1 4
7 | 2 3 1 4 2 5 2 4 3 2 5 4 5 2 7 4 4 5
EX 2 3 3 2 3 4 3 4 3 2 3 2 4 2 4 2 1 3
| 9 | 1 4 1 4 4 4 2 5 4 2 4 4 5 2 [5 3 2 5
| 10| 1 4 2 4 5 4 3 4 5 4 2 4 4 4 4 3 3 5
| 11| 3 5 3 4 2 3 3 4 3 2 3 3 5 3 2 3 1 4
12| 3 5 2 4 4 3 4 3 4 4 2 3 4 4 4 4 4 5
| 13 | 2 [ 1 2 3 3 2 2 2 2 2 3 3 2 3 3 2 2 3
| 14 | 2 [5 2 4 [5 4 3 4 5 3 2 3 5 5 5 4 [5

15 1 7 2 4 5 5 3 4 [5 5 3 3 4 4 5 5 5 [5
| 16 | 1 7 3 3 2 4 2 4 3 2 2 2 3 2 2 2 2 2
17 | 2 E 3 3 4 2 2 2 2 2 2 2 3 5 3 2 3 1 4
|18 | 2 8 2 4 4 3 3 3 4 3 2 3 4 2 2 3 2 4
| 19 | 3 9 1 3 4 2 3 3 3 2 2 3 3 4 3 2 3 2 3
20 3 9 3 2 2 2 2 2 2 3 1 2 2 2 2 2 2 2 2

Figure 5: An example of the ‘Enter Difficulty ratings’ worksheet in the AIM-Q scoring tool

‘Enter Effort ratings’: The format of the ‘Enter Effort ratings’ worksheet is an
exact replication of the ‘Enter difficulty ratings’ worksheet. Data is entered in
exactly the same way, except that the data to be entered are the mental effort
ratings on each task item on individual completed AIM-Q form.

For each AIM-Q form administered the mean mental effort and task difficulty
scores for (i) each cognitive function group, (ii) each mental resource type and
(iii) each resource competition category will be automatically computed. The
computed scores are displayed on the ‘Cog Function grp’, ‘Mental Resources’
and ‘Resource Competition’ worksheets respectively. Figures 6, 7 and 8 show
examples of computed score on these worksheets.

The computed scores and the associated data (such as SubjlD, TriallD and
codes on factor levels) can be copied and inserted into another MS Excel
workbook. This allows the user to conduct further statistical analyses in MS
Excel or export the data into a statistical analysis programme.
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In order to conduct statistical analysis on MS Excel, make sure that the data
analysis tool set for MS Excel is installed. To verify whether this tool set is
installed, click on ‘Tools’ on the windows menu and look through the drop-
down menu for ‘data analysis...". If the tool is absent, install it by clicking on
‘Tools’ and selecting ‘Add-Ins...” on the drop-down menu. On the dialog box
displayed, make sure the options ‘Analysis ToolPak’ and ‘Analysis ToolPak -
VBA' are selected.

For some statistical analysis programmes (such as SPSS) data can be copied
and inserted directly into a blank database file. However, it is recommended
that the MWL ratings be entered in MS Excel initially, organised in a structure
suitable for the specialised statistical analysis programme and then exported
into the statistical analysis programme. For example, for within-subject
comparisons in SPSS, data for levels of within subject factors must be entered
down under a column for each level.

Task Difficulty Mental Effort
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Figure 6: An example of the scores on each cognitive function group from individual completed

AIM-Q forms
| 1] DiFficulty Mental Effort
Central Central

| 2 | Conditian run Subj Encoding | Processing | Response | Yerbal | Spatial | Visual | Auditory Motor - Encoding | Processing | Response | Yerbal | Spatial | Visual | Auditory | Motar
| 2 | 3 1 2 38 37 E0 41 37 38 37 0 46 45 5.0 45 45 45 40 0
| 4 | 3 1 1 46 4.4 &7 4.3 44 4.5 47 0 4.8 43 20 4.4 45 4.7 44 40
| 5 | 1 2 1 T 34 2.8 3.2 35 a7 a1 35 40 35 2.8 34 26 4.0 a0 35
| & | 1 2 2 30 A 18 2.9 3.2 a1 2.2 17 a1 32 18 2.9 23 33 2.2 20
[ 7 | 2 3 1 T 36 35 35 a7 k] 24 5.0 38 T 23 a7 28 k] a0 45
| & | 2 3 2 25 2.3 18 2.3 2.5 25 13 17 2.2 2.3 2.0 2.3 2.4 2.3 13 23
[ 9 | 1 4 1 35 a7 27 3.2 a7 35 27 40 38 4.2 27 a7 41 k] 28 40
[ 10 | 1 4 2 4.0 a7 35 36 38 4.0 38 40 T 36 20 34 26 a7 32 35
L 3 L] 2 2.2 2.5 18 2.2 25 2.3 17 17 27 26 18 2.5 2.8 a7 21 17
| 12 | 3 L] 2 38 39 3.8 38 k] k] 38 45 38 33 2.8 a7 29 k] 38 45
| 13 | 2 E 1 26 2.9 2.3 2.5 2.9 a7 258 30 a0 32 25 2.9 23 a1 28 40
| 14 | 2 E 2 4.0 36 4.0 39 a7 k] a7 50 41 T 4.3 4.0 28 4.0 k) 55
| 15 | 1 7 2 k-] 35 35 38 35 a7 35 30 k) 35 25 38 25 a7 35 30
| 16 | 1 7 2 23 2.3 2.0 2.2 2.3 2.3 2.2 20 28 25 18 2.3 26 28 21 15
| 17 | 2 2 2 26 2.8 28 2.4 2.8 a7 21 35 258 27 24 2.4 27 28 20 30
| 18 | 2 2 2 28 2.9 28 27 29 29 24 27 248 28 2.8 27 29 29 258 30
| 13 | 3 k] 1 23 23 25 7 30 30 28 30 32 35 28 Al 35 34 30 40
| 20 | 3 k] 3 0 20 18 149 20 20 13 0 22 21 2z 21 2z 23 13 30

Figure 7: An example of the scores on each mental resource types from individual completed
AIM-Q forms
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1 Difficulty Mental Effort

2 Caondition run Subj  |High Medium Low  High bediom  Low
3 3 1 2 3.4 3.8 4.4 4.3 4.4 4.4
4 3 1 1 4.6 4.4 a.7 4.3 4.3 4.7
] 1 2 1 AT 3.4 2.8 3.4 3.4 3.4
G 1 2 3 an 3.1 1.5 34 28 3.z
7 ? 3 1 a7 36 34 3.6 A 4.1
a 2 3 3 2.4 2.3 1.6 2.4 21 2.3
L] 1 4 1 3.4 a7 2.7 4.4 3.4 3.4
10 1 4 2 4.0 a7 3.4 3.4 34 3.3
11 3 ] 3 2.2 25 1.5 24 24 2.8
12 3 ] 2 3.8 3.4 3.8 3.4 34 3.4
13 2 ] 1 2.5 2.4 2.3 3.4 a0 2.7
14 2 ] 2 4.0 3.8 4.0 3.6 3.4 45
15 1 7 2 3.4 3.8 3.4 3.3 3.4 4.8
16 1 7 3 2.3 23 20 2.8 23 27
17 2 a 3 2.5 2.8 2.6 2.4 24 24
18 2 a 2 2.4 2.4 2.6 2.8 3 2.7
19 3 L] 1 2.4 2.4 2.4 a7 3.3 2.4
20 3 9 3 2.0 2.0 1.8 2.2 2.1 2.4

Figure 8: An example of the scores on each resource competition category from
individual completed AIM-Q forms
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APPENDIX P:  PILOT STUDY ON THE VALIDITY, INTERNAL CONSISTENCY

RELIABILITY AND GENERAL USABILITY OF AIM

Description of the Pilot Study

The pilot study was designed purposefully to investigate four types of
preliminary construct validity (concurrent, convergent, discriminant and
predictive) and internal consistency reliability of AIM, and the general usability
of AIM-Q and AIM-Hi. The pilot study was held in the Human Factors
Laboratory (HF Lab) in EUROCONTROL Experimental Centre (EEC) in
Brétigny, France, in the first week of December 2002.

The pilot study simulated two Controller Workstations (CWS) equipped with
datalink technology (which is the same version and prototype used in the
DOVE simulations held between 26th May and 10th June 2002). The CWS
covered East and West sectors. The planner and executive roles for each
sector were bandboxed, that is each controller at a CWS controlled one sector
carrying out both planner and executive roles. The pilot study also used
automatic feed sectors. Three controllers took part in the pilot study. Nine
measured trials were conducted over three days.

Three controllers of different nationality (French, Belgian and Austrian)
participated in the pilot study. They were competent and fluent in English,
even though English was their second or third language.

Design of the Pilot Study

Three different traffic samples were used in the pilot study. These traffic
samples were the same ones used in DOVE simulations held between 26th
May and 10th June 2002. The traffic samples varied according to high or low
traffic levels (high and low) and high or low percentage of aircraft in the
sample which were datalink equipped. The automated tools in the datalink
technology can be used for controlling and managing only these datalink-
equipped aircraft. The percentage of datalink-equipped aircraft was an
indication of the amount of automated assistance the controller was able to
use. The traffic samples were:

o High Traffic and Low Automation (HTLA) (traffic level was 140% and
percentage of datalink-equipped aircraft was 50%);

e Low Traffic and High Automation (LTHA) (traffic level was 120% and
percentage of datalink-equipped aircraft was 95%);

e Low Traffic and Low Automation (LTLA) (traffic level was 120% and
percentage of datalink-equipped aircraft was 50%).
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Each subject was exposed to each sample twice but not in the same sector,
that is, if the subject controller traffic in HTLA sample on the East sector on the
first occasion, the next time he/she controlled traffic in HTLA sample will be on
the West sector. In addition, East sector was thought to be more difficult and
complex than West sector to manage and control.

Hence the factors that were manipulated in the pilot study were:

1. Traffic levels.
2. Sector difficulty.
3.  Amount of automated assistance.

Each trial lasted sixty minutes. After 25 minutes of each trial, the simulator
was paused and AIM-Hi was administered. The controllers were given ten
minutes to complete AIM-Hi. The simulation resumed and continued for
another 25 minutes. At the end of each trial AIM-Q was administered. The
controllers were given 25 minutes to complete AIM-Q.

Physiological measurements were also recorded during the measured trials.
These were pupillary and cardiac activity. Pupillary activity was only recorded
on East sector and was calibrated and set up approximately ten minutes prior
to the start of each trial. Cardiac monitoring was calibrated both sectors and
set up at the beginning of the day. All of the controllers wore the monitors all
day. Event markers were set on the monitors to enable the extraction of
relevant cardiac data (i.e. cardiac activity during measured trials) at the end of
each day.

In between each trial, controllers were given a 15-20 minute coffee break.
They were not given any restriction on their activities during their lunch and
coffee breaks. They were allowed to drink coffee and/or smoke cigarettes
during breaks.

Results and Findings

Concurrent validity

Concurrent validity refers to the ability of the measurement tool to distinguish
between two groups, which are theoretically different in the construct to be
measured. That is AIM is able to discriminate between different mental
workload levels. To demonstrate this ability and ensure that AIM can
distinguish between different workload levels, AIM should at least be able to
discriminate between situations where there is clearly a difference in mental
workload levels. For example, between different traffic levels, different traffic
and sector complexities and between different operational roles. The
sensitivity of AIM can be demonstrated if AIM is able to discriminate between
situations which are similar but may be different in terms of levels controller
mental workload. For example, amount of automated assistance, changes in
operational procedure, increase in staff support.
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In the pilot study conducted to investigate the preliminary validity of ATM,
three factors were manipulated:

() Traffic levels: high traffic levels (140%) vs. low traffic levels (120%).

(i) Sectors: ‘East’ and ‘West’ Sector, where ‘East’ sector was thought by
controllers to be more difficult and complex than ‘West’ sector.

(i) Percentage of aircraft in the traffic sample which were datalink equipped:
the automated tools in the datalink technology can be used for controlling
and managing only these datalink-equipped aircraft. The percentage of
datalink-equipped aircraft was an indication of the amount of automated
assistance the controller was able to use.

Traffic levels and sectors were manipulated to create trial conditions where
mental workload levels are clearly different. In addition, the percentage of
aircraft in the traffic sample which were datalink equipped created trial
conditions which were highly similar, i.e. the only difference being the amount
of automated assistance the controller was able to use. That is the impact of
the automated assistance on controller mental workload. Thus, in order to
show concurrent validity, AIM should be able to sufficiently discriminate
between the traffic levels, sectors and amount of automated assistance with
respect to the mental workload levels. Evidence of concurrent validity depends
on the extent to which observed differences in AIM mental workload scores
between traffic levels, sectors and amount of automated assistance match the
expected differences in mental workload for these factors.

Traffic levels: In comparisons between high and low traffic levels, all other
factors such as sector and amount of automated assistance available, were
kept consistent. It was reasonable to assume that mental workload levels
between traffic levels will be different. It was assumed the types of functions
that the controllers will engage in would be similar for both high and low traffic
levels. In addition, the types of mental resources required for task
performance will also be similar for high and low traffic levels. Hence, it was
assumed that the distribution of mental workload among function groups and
mental resource types is similar for both high and low traffic levels. The
difference will be in the quantity of mental workload within each function
groups and mental resource types as a result of more aircraft to manage and
more of each type of tasks to carry out. A diagrammatic representation of this
hypothetical assumption is displayed in Figure 9.

It was therefore reasonable to expect mental workload levels (mental effort
and difficulty) for high traffic level to be larger than that for low traffic level, on
all the cognitive function groups and mental resource types.
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Figure 9: Same mental workload distribution in high- and low traffic levels but different amounts of
mental workload

Based on the assumptions discussed in the paragraphs above about the
differences in Mental Workload (MWL) between traffic levels, Table 10
displays the expected differences in AIM MWL scores when comparing mental
workload between traffic levels. ‘Team Awareness’ was left out as controllers
felt that the setup of the pilot study required very little teamwork, if any.

In the pilot validation study high traffic level was represented by traffic sample
where the number of aircraft was 140% of the number of aircraft taken at a
particular date. Low traffic level was represented by traffic sample where the
number of aircraft was 120%. Table 11 displays the observed differences
between traffic levels in AIM MWL scores found in the pilot validation study.

Overall difficulty MWL score on AIM-Q for high traffic level was significantly
greater than for low traffic level. Similarly, on AIM-Hi overall difficulty MWL
score for high traffic level was significantly greater than for low traffic level.

Table 10: Expected differences in AIM MWL scores between traffic levels in
overall AIM-Q, cognitive function groups, mental resource types and

AIM-Hi

Mental Workload (MWL) score Difficulty Mental effort
AIM-Hi MWL High > Low High > Low
Overall AIM-Q MWL High > Low High > Low
Cognitive function types
Multitasking High > Low High > Low
Direct attention to information sources High > Low High > Low
_Take account of and process external High > Low High > Low
information
Memory management High > Low High > Low
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Mental Workload (MWL) score Difficulty Mental effort

Build and maintain SA High > Low High > Low
Planning High > Low High > Low
Decision-making High > Low High > Low
Diagnosing and problem solving High > Low High > Low
Mental resource types

Encoding High > Low High > Low
Central processing High > Low High > Low
Response High > Low High > Low
Verbal High > Low High > Low
Spatial High > Low High > Low
Visual High > Low High > Low
Auditory High > Low High > Low
Motor High > Low High > Low

Overall mental effort MWL score on AIM-Q for high traffic level was
significantly greater than for low traffic level. Although overall mental effort
MWL score on AIM-Hi for high traffic level was greater than for low traffic level,
the difference was not significant.

The difficulty MWL scores on all cognitive functions groups were significantly
larger for High traffic level than those were for low traffic level.

Mental effort MWL scores on planning, decision-making, and diagnosing and
problem solving were significantly greater for high traffic level than those for
low traffic levels. Although mental effort MWL scores for high traffic level on
the other cognitive functions were greater than for low traffic level, the
differences were not statistically significant.

Difficulty MWL scores for high traffic level on encoding, central processing,
verbal, spatial and visual mental resources were significantly greater than for
low traffic level. Although difficulty MWL scores for high traffic level on auditory
resources were greater than for low traffic level, the difference was not
statistically significant. No difference in difficulty MWL scores on response and
motor resources were found between traffic levels.

Mental effort MWL scores for high traffic level on encoding, central processing,
verbal, spatial and visual mental resources were significantly greater than for
low traffic level. On the other hand, there was no difference in mental effort
MWL score on auditory resource between traffic levels. Although mental effort
MWL scores for high traffic level on response and motor resources were more
little than for low traffic level, these differences were not statistically significant.
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Table 11: Observed differences in AIM MWL scores between traffic levels in
overall AIM-Q, cognitive function groups, mental resource types and

AIM-Hi

Mental Workload (MWL) score

Difficulty

Mental effort

AIM-Hi MWL

140% > 120% (sig.)

High > Low

Overall AIM-Q MWL

140% > 120% (sig.)

140% > 120% (sig.)

Cognitive function types

Multitasking

140% > 120% (sig.)

140% > 120%

Direct attention to information
sources

140% > 120% (sig.)

140% > 120%

Take account of and process
external information

140% > 120% (sig.)

140% > 120%

Memory management

140% > 120% (sig.)

140% > 120%

Build and maintain SA

140% > 120% (sig.)

140% > 120%

Planning

140% > 120% (sig.)

140% > 120% (sig.)

Decision-making

140% > 120% (sig.)

140% > 120% (sig.)

Diagnosing and problem solving

140% > 120% (sig.)

140% > 120% (sig.)

Mental resource types

Encoding

140% > 120% (sig.)

140% > 120% (sig.)

Central processing

140% > 120% (sig.)

140% > 120% (sig.)

Response - 140% < 120%
Verbal 140% > 120% (sig.) 140% > 120% (sig.)
Spatial 140% > 120% (sig.) 140% > 120% (sig.)
Visual 140% > 120% (sig.) 140% > 120% (sig.)
Auditory 140% > 120% -

Motor - 140% < 120%

In summary, 25 significant differences (p<0.05) between traffic levels in AIM
MWL scores were found, that is 70% of the expected differences between
traffic levels were observed in the pilot study (i.e. observed differences which
were statistically significant). This suggests that there is evidence that AIM
was able to discriminate between high and low traffic levels, with respect to
mental workload levels.

Sector_difficulty: In comparisons between East and West sectors, all other
factors, such as traffic levels and amount of automated assistance available,
were kept consistent. East sector was thought by controllers to be more
difficult and challenging than West sector. It was therefore reasonable to
assume that the overall mental workload levels between the sectors will be
different. However, without conducting a detailed task model of each sector, it
was not possible to assume that the distribution of mental workload among
cognitive function will be similar for East and West sectors, or predict the
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mental resources required for each sector and what the differences in mental
resources demand could be reasonably expected. For example, it was not
possible to assume that there is more multitasking workload than planning
workload for both East and West. It may be that there is more multitasking
than planning workload for East sector but the reverse in West Sector. Neither
was it possible to assume without detailed sector task models that both
sectors require Resource X to the same extent and the only difference
between East and West is the mental workload demand on resource X.
A diagrammatic representation of this hypothetical assumption is displayed in

Figure 10.

Hence, within the scope of the pilot study and in the absence of sector task
models, it was reasonable to expect only the overall mental workload levels
(mental effort and difficulty) for East sector to be larger than that for West

sector.
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Figure 10: Different mental workload distribution (dotted lines) in East and West sectors but
different amounts of overall mental workload between sectors (solid lines)

Based on the assumptions discussed in the paragraphs above about the
differences in mental workload between East and West sectors, Table 12
displays the expected differences between East and West sectors in overall
AIM-Q MWL scores and AIM-Hi MWL scores. Table 13 displays the observed
differences between sectors in AIM MWL scores found in the pilot validation
study.

Table 12: Expected differences between East and West sectors in overall
AIM-Q MWL scores and AIM-Hi MWL scores

Mental Workload (MWL) score Difficulty Mental effort
AIM-Hi MWL East > West East > West
Overall AIM-Q MWL East > West East > West
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Overall difficulty MWL scores on AIM-Q for East sector were significantly
greater than for West sector. Similarly on AIM-Hi, overall difficulty MWL scores
for East sector were significantly greater than for West sector.

Overall mental effort MWL scores on AIM-Q for East sector were significantly
greater than for West sector. Similarly on AIM-Hi, overall mental effort MWL
scores for East sector were significantly greater than for West sector.

Table 13: Observed differences between East and West sectors in overall
AIM-Q MWL scores and AIM-Hi MWL scores

Mental Workload (MWL) score Difficulty Mental effort
AIM-Hi MWL East > West (sig.) | East > West (sig.)
Overall AIM-Q MWL East > West (sig.) | East > West (sig.)

In summary, all of the expected differences between East and West sectors
were observed in the pilot study (i.e. observed differences which were
statistically significant; p<0.05). This suggests that there is evidence that AIM
was able to discriminate between East and West sectors, with respect to
mental workload levels.

Amount of automated assistance: The amount of automated assistance
available was determined by the percentage of datalink-equipped aircraft in
the traffic sample. In comparisons between different amounts of automated
assistance, all other factors such as traffic levels and sector were kept
consistent. Given the scope of the pilot study and the knowledge about the
automated system, there is a reasonable assumption that there will be a
difference in the overall mental workload between different amounts of
automated assistance. However, without conducting a detailed task model of
how the automated system is used by the controllers, it was not possible to
predict a priori the impact on mental resource types by the automated system
and its use. Therefore, it was not possible to reasonably expect a difference in
the mental workload demands on these mental resource types.

The sectors are different with respect to the complexities each present to the
controllers, and the utility of the automated assistance to each sector may be
different. Hence, within each sector mental workload will be compared
between the different amounts of automated assistance. For East sector there
is a difference in mental workload between different amounts of automated
assistance. Similarly, for West sector overall mental workload between
different amounts of automated assistance will also be different.
No assumption was made about the direction of the differences (for example,
‘higher mental workload levels if the amount of automated assistance was
larger’).

In addition, datalink technology - the automated system simulated in the pilot
study - was analysed using the SHAPE Automation Framework (see EATM,
2004c). The framework predicted that most of the cognitive processes
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required for decision-making functions will be affected by datalink technology.
These were:

- predicting,

- plan formulation,
- decide/select,

- evaluate.

There is therefore a reasonable assumption that the automated assistance
may have an impact on mental workload demands on the decision-making
function group, since most of the cognitive processes required for decision-
making functions are impacted upon by the system. Hence, it was justifiable to
expect differences in mental workload on decision-making between the
different amounts of automated assistance.

Table 14 displays the expected differences between different amounts of
automated assistance in overall AIM-Q MWL scores and AIM-Hi MWL scores.

Table 14: Expected differences between varying percentages of datalink-
equipped aircraft in overall AIM-Q MWL scores and AIM-Hi MWL

scores
Mental Workload (MWL) score Difficulty Mental effort
AIM-Hi MWL Difference between different amounts of
Overall AIM-Q MWL automated assistance

East sector

AIM-Hi MWL
Overall AIM-Q MWL
Decision-making

Difference between different amounts of
automated assistance

West sector
AIM-Hi MWL
Overall AIM-Q MWL
Decision-making

Difference between different amounts of
automated assistance

In the pilot validation study the amount of automated assistance was by
manipulating the percentage of datalink-equipped aircraft in the traffic sample.
The higher the percentages the higher the amount of automated assistance
available. The percentages were set at 95% or 50%. Table 15 displays the
observed differences between varying percentages of datalink-equipped
aircraft in overall AIM-Q MWL scores and AIM-Hi MWL scores found in the
pilot validation study.
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Table 15: Observed differences between varying percentages of datalink-
equipped aircraft in overall AIM-Q MWL scores and AIM-Hi MWL

scores

Mental Workload (MWL) score

Difficulty

Mental effort

AIM-Hi MWL

95% < 50%

Overall AIM-Q MWL

95% > 50%

95% < 50% (sig.)

East sector

AIM-Hi MWL

95% > 50% (sig.)

95% > 50%

Overall AIM-Q MWL

95% > 50% (sig.)

Decision-making

95% > 50% (sig.)

West sector

AIM-Hi MWL

95% < 50% (sig.)

95% < 50% (sig.)

Overall AIM-Q MWL

95% < 50% (sig.)

95% < 50% (sig.)

Decision-making

95% < 50%

95% < 50% (sig.)

Although overall difficulty MWL score on AIM-Q for higher amount of
automated assistance (across both sectors) was larger than that for lower
amount of automated assistance, the difference was not statistically
significant. On AIM-Hi, no difference between the different amounts of
automated assistance was found in overall difficulty MWL scores (across both
sectors).

Overall mental effort MWL score (across both sectors) on AIM-Q for higher
amount of automated assistance was significantly smaller than that for lower
amount of automated assistance. Similarly on AIM-Hi, overall mental effort
MWL score (across both sectors) for higher amount of automated assistance
was smaller than that for lower amount of automated assistance, but the
difference was not statistically significant.

On East sector overall difficulty MWL scores on AIM-Q and AIM-Hi for higher
amount of automated assistance were significantly larger than those were for
lower amount of automated assistance. No difference between the different
amounts of automated assistance was found in overall mental effort MWL
scores on AIM-Q. Although on AIM-Hi the overall mental effort MWL score for
higher amount of automated assistance was larger than that for lower amount
of automated assistance, the difference was not significant.

Furthermore, on East sector, decision-making difficulty MWL scores for higher
amount of automated assistance was significantly larger than that for lower
amount of automated assistance. However, no difference between the
different amounts of automated assistance was found in mental effort MWL
scores on decision-making.
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On West sector, overall difficulty and mental effort MWL scores on AIM-Q for
higher amount of automated assistance were significantly smaller than those
were for lower amount of automated assistance. Similarly, overall difficulty and
mental effort MWL scores on AIM-Hi for higher amount of automated
assistance were also significantly smaller than those were for lower amount of
automated assistance.

Furthermore, on West sector, decision-making difficulty MWL scores for higher
amount of automated assistance was significantly smaller than that for lower
amount of automated assistance. Decision-making difficulty MWL scores for
higher amount of automated assistance was also smaller than that for lower
amount of automated assistance, but the difference was not statistically
significant.

In summary, nine significant differences (p<0.05) between varying amounts of
automated assistance and AIM MWL scores were found, that is 56% of the
expected differences between varying amounts of automated assistance were
observed in the pilot study (i.e. observed differences that were statistically
significant). This suggests that there is evidence that AIM was able to
discriminate between varying amounts of automated assistance.

The percentage of expected differences observed in the study was not as high
as for traffic levels and sector. There are a few issues that may have
contributed to this. The first issue is the different impact that the automated
assistance has on the different sector. The mental workload scores reported
by the controllers suggest that on East sector the mental workload was larger
for higher amount of automated assistance than that for lower amount of
automated assistance. On the other hand, mental workload scores reported by
the controllers suggest that on West sector the mental workload was smaller
for higher amount of automated assistance than that for lower amount of
automated assistance. This could result in the lack of significant differences in
the overall mental workload comparison across sectors.

The next issue is that the impact on mental workload between 50% and 95%
of datalink-equipped aircraft is marginal. It is possible that the utility of the
automated tools evens out at a certain percentage of datalink-equipped
aircraft. It this is true, then the difference in the impact is marginal. Although
significant differences were found in West sectors for both difficulty and mental
effort MWL scores, only difficulty MWL score was significantly different in East
sector. On the physiological measurements a significant difference in pupil
diameter®® was found in East sector but no significant difference in mental
workload was found in HRV measurements. It may be prudent to examine this
potential effect and investigate further the differences in mental workload
between varying amounts of automated assistance from datalink technology
by replicating this study using different percentages of datalink-equipped
aircraft (for example, 5%, 25%, 50%, 75% and 95%).

1% pypil diamete

r was measured only on East sector
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Lastly, the controllers who volunteered to participate in the study did not have
prior experience in using datalink technology. They were briefed and were
given explanations on datalink technology and two training trials. The
controllers expressed their feeling that this was insufficient and that they had
difficulties using the datalink technology because they were unfamiliar with the
graphical user interface of the tools available in the system and ignorant of
what functions and assistance were available to them.

These issues needs to be considered and examined in further validation
research on AIM, and they will be further discussed in Section 7.

Conclusion: The observed results and findings suggest that AIM has fairly
good concurrent validity.

Convergent and discriminant validities

Convergent validity refers to the extent to which measures of the same
constructs that theoretically should be related to each other are in fact
observed to be related to each other (Trochim, 2000). That is the measures of
mental workload from AIM should correlate highly or show convergence with
measures of mental workload from other assessment tools that purport to
measure mental workload.

Discriminant validity refers to the extent to which measures of other constructs
are observed not to be related to each other (Trochim, 2000). That is the
measures of mental workload from AIM should not correlate highly or show
divergence from assessment tools that do not measure mental workload.

To demonstrate convergent validity, the correlation coefficients between
mental workload scores from AIM and mental workload measures from other
techniques or tools should be significantly high. These can be other subjective
mental workload assessment tools (for example, NASA-TLX, ISA, etc.) or
physiological indicators of mental workload (such as pupil diameter, heart rate
variability, brain wave activity, etc.).

To demonstrate discriminant validity, the correlation coefficients between
mental workload scores from AIM and dissimilar measures from other
techniques or tools should be low (i.e. insignificant correlation coefficients).
These can be other subjective assessment tools (for example, of situational
awareness, fatigue, etc.) or physiological indicators of physical workload (such
as inter-beat-interval or heart rate). Although there may be relationship
between these measures and mental workload, discriminant validity is more
powerful if correlations between AIM and these measures are insignificant, i.e.
AIM measures are able to discriminate between mental workload and
constructs with which it interacts.

In the pilot study conducted to investigate the preliminary validity of ATM,
measurements of physiological activity were also taken. No other subjective
assessment tool was used because of the time constraints between measured
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trials and on the duration of the study. The three physiological measurements
were:

(i) Heart Rate (HR) or Inter-beat-interval (IBl): Have been used in other
workload research studies. Several research studies have found that
manipulation in mental workload may not affect HR/IBI while manipulation
in physical workload is likely to affect HR/IBI, because HR/IBI as workload
indicators are sensitive to physical workload changes rather than to
mental workload changes. However, HR/IBI are very sensitive also to
other physiological reactions, bodily functions and motor responses
(e.g. physical limb movements and vocal responses).

(i) Heart-Rate Variability (HRV): Has been increasingly used in other
workload research studies. Several research studies have found that
manipulation in mental workload is more likely to affect HRV than HR/IBI
because HRV is more sensitive than HR/IBI as an indicator of mental
workload changes. Nevertheless, similarly to HR/IBI, HRV measurements
have appeared to be very sensitive to other physiological reactions and
may be affected by these physiological responses bodily functions and
movements.

(i) Pupil diameter: Has been used in other research studies as an indicator of
mental workload. Research findings on the sensitivity and utility of pupil
diameter as a measurement of mental workload has been mixed, as
pupillary responses vary according to other physiological reactions and
environmental changes, apart from mental workload.

In the pilot validation study pupil diameter and HRV were used as convergent
measures and IBl was used as a discriminant measure. Thus, in order to show
convergent validity, AIM should correlate highly (with statistical significance)
with pupil diameter measurements and HRV measurements and to show
discriminant validity AIM should not correlate significantly with IBI (i.e. no
statistically significant correlations). Evidence of convergent and discriminant
validity depends on the extent to which observed correlation coefficients
between AIM mental workload scores and pupil diameter, HRV and IBI match
the expected correlations.

Table 16 displays the expected correlations between the AIM measures of
different aspects of mental workload and the physiological indicators. Each
number in parenthesis indicates the number of possible correlations. For
example, there are eight sets of AIM MWL scores for each cognitive function
group. Thus, eight correlation coefficients with pupil diameter are expected.
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Table 16: Expected correlations between AIM measures of the different
aspects of mental workload and the physiological indicators

Pupil Diameter HRT IBI
Overall Highly correlated | Highly correlated No. sig
MWL (1) () correlation (1)
(-?()g”ff ve Highly correlated | Highly correlated No. sig
Junctions (8) (8) correlation (8)
Mental Highly correlated | Highly correlated No. sig
Resources (8) (8) correlation (8)
Aim Hi Highly correlated | Highly correlated No. sig
MWL (1) (1) correlation (1)

Table 17 displays the observed correlation coefficients between the overall
MWL scores from AIM-Q and AIM-Hi, the MWL scores from each cognitive
function group, and the physiological indicators.

Overall MWL scores from AIM-Q correlated significantly (p<0.005) with pupil
diameter measurements, but correlation with HRV measurements was not
signiticant. In addition, overall MWL scores from AIM-Q did not correlate with
IBl. The results suggest that overall MWL scores from AIM-Q showed
convergence with pupil diameter but not with HRV measurements, and
discriminance from IBI measurements.

Overall MWL scores from AIM-Hi correlated significantly (p<0.10) with pupil
diameter measurements, but correlation with HRV measurements was not
signiticant. In addition, overall MWL scores from AIM-Hi did not correlate with
IBI. The results suggest that overall MWL scores from AIM-Q showed
convergence with pupil diameter but not with HRV measurements, and
discriminance from IBI measurements.
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Table 17: Observed correlation coefficients between the overall AIM-Q and

AIM-Hi MWL scores, each cognitive function group MWL score,
and the physiological indicators

Pupil Diameter HRV IBI
Overall ‘
ADM O MIVL - 0.703 (.001) No correlation
AIM Q ‘
Multitasking -0.427 (.077) - 0.489 (.002) | No correlation
AIM Q Direct _ '
fienon -0.799 (.000) | -0.399(.016) | No correlation

AIM Q Take into
aceconnt
information

No correlation

AIM O Memory
Management

- 0.793 (.000)

- 0.307 (.069)

No correlation

AIM Q Build &
maintain SA

No correlation

L - 0.678 (.002) No correlation
Planning
AIM QO Decision .

- No correlation
Malking
AIM © Diagnose

. 0 correlatio
& Problem solving No correlation

Overall
AIM Hi MWL

- 0.407 (.094) No correlation

Multitasking MWL scores correlated significantly (p<0.10) with pupil diameter
measurements and correlated significantly  (p<0.005) with HRV
measurements. In addition, multitasking MWL scores did not correlate with IBI.
The results suggest that multitasking MWL scores showed convergence with
pupil diameter and HRV measurements, and discriminance from IBI
measurements.

Direct attention MWL scores correlated significantly (p<0.000) with pupil
diameter measurements and correlated significantly (p<0.05) with HRV
measurements. In addition, direct attention MWL scores did not correlate with
IBl. The results suggest that direct attention MWL scores showed
convergence with pupil diameter and HRV measurements, and discriminance
from 1Bl measurements.

Take into account information MWL scores did not correlate significantly with
pupil diameter and HRV measurements. Take into account information MWL
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scores did not correlate with IBI. The results suggest that take into account
information MWL scores did not show statistically significant convergence with
pupil diameter and HRV measurements, but showed discriminance from IBI
measurements.

Memory management MWL scores correlated significantly (p<0.000) with pupil
diameter measurements and correlated significantly (p<0.10) with HRV
measurements. In addition, memory management MWL scores did not
correlate with IBI. The results suggest that memory management MWL scores
showed convergence with pupil diameter and HRV measurements, and
discriminance from IBI measurements.

Build and maintain SA MWL scores did not correlate significantly with pupil
diameter and HRV measurements. Build and maintain SA did not correlate
with IBI. The results suggest that build and maintain SA MWL scores did not
show statistically significant convergence with pupil diameter and HRV
measurements, but showed discriminance from IBI measurements.

Planning MWL scores from AIM-Q correlated significantly (p<0.005) with pupil
diameter measurements, but correlation with HRV measurements was not
signiticant. In addition, overall MWL scores from AIM-Q did not correlate with
IBl. The results suggest that overall MWL scores from AIM-Q showed
convergence with pupil diameter but not with HRV measurements, and
discriminance from IBl measurements.

Decision-making scores did not correlate significantly with pupil diameter and
HRV measurements. Decision-making did not correlate with IBIl. The results
suggest that decision-making MWL scores did not show statistically significant
convergence with pupil diameter and HRV measurements, but showed
discriminance from IBI measurements.

Diagnosing and problem solving scores did not correlate significantly with
pupil diameter and HRV measurements. Diagnosing and problem solving did
not correlate with I1BI. The results suggest that diagnosing and problem solving
MWL scores did not show statistically significant convergence with pupil
diameter and HRV measurements, but showed discriminance from IBI
measurements.

Table 18 displays the observed correlation coefficients between each of the
mental resource type MWL scores and the physiological indicators.
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Table 18: Observed correlation coefficients between the each mental
resource type MWL scores and the physiological indicators

Pupil Diameter HRIT” IBI

Encoding - 0.885 (.000) No correlation
Central A
processing -0.712 (.001) No correlation
Response - (.829 (.000) - 0.383 (.021)

Verbal - 0.896 (.000) - 032105 7 No correlation
Spatial - 0.723 (.001) No correlation
Visual - 0.836 (.000) No correlation

Auditory - 0.959 (.000) - 0.303 (.072)

Motor -0.730 (.001)

Encoding MWL scores from AIM-Q correlated significantly (p<0.000) with pupil
diameter measurements, but correlation with HRV measurements was not
signiticant. In addition, encoding MWL scores from AIM-Q did not correlate
with IBI. The results suggest that encoding MWL scores from AIM-Q showed
convergence with pupil diameter but not with HRV measurements, and
discriminance from IBI measurements.

Central processing MWL scores from AIM-Q correlated significantly (p<0.005)
with pupil diameter measurements, but correlation with HRV measurements
was not signiticant. In addition, central processing MWL scores from AIM-Q
did not correlate with IBI. The results suggest that central processing MWL
scores from AIM-Q showed convergence with pupil diameter but not with HRV
measurements, and discriminance from IBl measurements.

Response MWL scores correlated significantly (p<0.000) with pupil diameter
measurements and correlated significantly (p<0.05) with HRV measurements.
However, response MWL scores also correlated significantly with IBI. The
results suggest that response MWL scores showed convergence with pupil
diameter and HRV measurements. However, response MWL scores did not
show discriminance from IBI measurements, instead showed convergence
with 1Bl measurements.
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Verbal MWL scores correlated significantly (p<0.000) with pupil diameter
measurements and correlated significantly (p<0.10) with HRV measurements.
In addition, verbal MWL scores did not correlate with IBI. The results suggest
that verbal MWL scores showed convergence with pupil diameter and HRV
measurements, and discriminance from IBl measurements.

Spatial MWL scores from AIM-Q correlated significantly (p<0.005) with pupil
diameter measurements, but correlation with HRV measurements was not
signiticant. In addition, spatial MWL scores from AIM-Q did not correlate with
IBl. The results suggest that spatial MWL scores from AIM-Q showed
convergence with pupil diameter but not with HRV measurements, and
discriminance from IBI measurements.

Visual MWL scores from AIM-Q correlated significantly (p<0.000) with pupil
diameter measurements, but correlation with HRV measurements was not
signiticant. In addition, visual MWL scores from AIM-Q did not correlate with
IBI. The results suggest that visual MWL scores from AIM-Q showed
convergence with pupil diameter but not with HRV measurements, and
discriminance from IBI measurements.

Auditory MWL scores correlated significantly (p<0.000) with pupil diameter
measurements and correlated significantly (p<0.10) with HRV measurements.
However, auditory MWL scores also correlated significantly with IBI. The
results suggest that auditory MWL scores showed convergence with pupil
diameter and HRV measurements. However, auditory MWL scores did not
show discriminance from IBI measurements, instead showed convergence
with IBI measurements.

Motor MWL scores correlated significantly (p<0.005) with pupil diameter
measurements but correlation with HRV measurements was not signiticant.
However, motor MWL scores also correlated significantly with IBl. The results
suggest that motor MWL scores showed convergence with pupil diameter but
not with HRV measurements. Moreover, motor MWL scores did not show
discriminance from IBl measurements, instead showed convergence with Bl
measurements.

In summary, fourteen significant correlation coefficients between AIM MWL
scores and pupil diameter were found, that is 78% of the expected correlations
were observed in the pilot study (i.e. observed correlation coefficients that
were statistically significant). On the other hand, only six significant correlation
coefficients between AIM MWL scores and HRV measurements were found,
that is 33% of the expected correlations were observed in the pilot study. This
suggests that there is evidence that AIM has good convergence with pupil
diameter but poor convergence with HRV measurements.

In addition, only three significant correlation coefficients between AIM MWL
scores and IBlI measurements were found, that is 83% of the expected
correlations were observed in the pilot study (i.e. observed correlation
coefficients that were not statistically significant). This suggests that there is
evidence that AIM has good discriminance from IBI measurements.
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Predictive validity

Predictive validity refers to the ability of the measurement to predict something
it should theoretically be able to predict. AIM was designed to be able to
indicate if the system change has an impact on the spare processing capacity
of the controller, that is if the system change imposes an increase in mental
workload on task performance which involves high resource competition/
conflict, the spare processing capacity of the controller will be potentially
reduced by the system change. To demonstrate this ability AIM should at least
be able to predict in situations where there is clearly an impact on spare
processing capacity, for example, between different traffic levels or different
traffic and sector complexities.

In the validation study traffic levels and sectors were manipulated to create
trial conditions where mental workload levels are clearly different. It is
reasonable to predict that if traffic levels were high, spare processing capacity
would be reduced, as there are more aircraft to manage in the time available.
It is also reasonable to predict that the spare processing capacity when
controlling East sector would be lower than when controlling West sector,
given the same traffic levels and controllers. The reason being East sector is
more difficult and complex than West sector.

In addition, the percentage of aircraft in the traffic sample which were datalink
equipped was also manipulated, the only difference being the amount of
automated assistance the controller was able to use. Although it was not
possible to predict the direction of the impact, it was reasonable to predict that
there will be an impact on spare processing capacity from the amount of
automated assistance. Evidence of predictive validity depends on the extent to
which observed predictions on spare processing capacity from AIM in
situations of different traffic levels, sectors and amount of automated
assistance match the expected predictions for these factors.

AIM uses the increase or decrease in MWL scores on high resource
competition/conflict task performance to predict the impact on spare
processing capacity, that is a reduction in spare processing capacity is
predicted from an increase in MWL scores on high resource competition/
conflict task performance. Table 19 displays the expected predictions on spare
processing capacity for changes in traffic levels, sectors and amount of
automated assistance and the expected MWL scores. Each number in
parenthesis indicates the number of possible predictions.
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Table 19: Expected predictions on spare processing capacity for changes in
traffic levels, sectors and amount of automated assistance

. Automated
_ Traffic level Sector assistance
(high vs. low levels) (East vs. West) (95% vs. 50%)
o Spare processing Spare processing There is a difference in
% capacity in high traffic capacity in East sector | spare processing
$ > | level is smaller than in is smaller than in West | capacity between
S 'g low traffic levels => high | sector => high amounts of automated
o o | resource competition resource competition assistance => high
o o | MWL scores in high MWL scores in East > | resource competition
s traffic > than in low than in West sector (2) | MWL scores in 95% =
n traffic (2) than in 50% (2)

Table 20 displays the observed predictions found on spare processing
capacity for changes in traffic levels, sectors and amount of automated

assistance in the pilot study.

Table 20: Observed predictions on spare processing capacity for changes in
traffic levels, sectors and amount of automated assistance

Traffic level Sector
(high vs. low levels) (East vs. West)

(95% vss. 50%)

MWL scores on high resource competition task performance

Difficulty Mental effort Difficulty Mental effort | Difficulty

Mental
effort

High > Low traffic | High > Low traffic | East>West | East> West
(p< .000) (p< .000) (p< .000) (p< .000)

(p< .011)

Difficulty and mental effort MWL scores on high resource competition task
performance for high traffic level were significantly larger than that for low
traffic level. Similarly, difficulty and mental effort MWL scores on high resource
competition task performance for East sector were significantly larger than that
for West sector. On amount of automated assistance, mental effort MWL
scores on high resource competition task performance for higher automated
assistance was significantly smaller than that for lower automated assistance.

In summary, five significant predictions on spare processing capacity were
found, that is 83% of the expected predictions were observed in the pilot study
(i.e. observed predictions that were statistically significant). This suggests that
there is evidence that AIM has fairly good predictive validity.
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Internal consistency reliability

Internal consistency reliability refers to how well the items in the tool reflect the
same construct and yield similar results, that is how well the items in AIM
reflect mental workload and how well items in the same sub-tests reflect the
same aspect of mental workload.

Internal consistency reliability was measured using Cronbach’'s alpha to
estimate the internal consistency within:

- AIM-Hi and its items,
- AIM-Q and its items,
- the AIM-Cog sub-tests and the items within each sub-test.

Table 21 displays the internal consistency reliability estimates for the three
versions of AIM.

Table 21: Internal consistency reliability estimates for the three versions of
AIM (statistical significance is indicated in parentheses)

Version of AIM Cronbach's Alpha

AIM-Hi 0.8790 (p < .000)
AIM-Q 0.9361 (p < .000)
AIM-Coqg

Multitasking 0.6514 (p< .000)
Direct attention 0.7954 (p< .000)
Take into account 0.5460 (p< .005)
Memory management 0.6181 (p< .01)
Build and maintain SA 0.6239 (p< .000)
Planning 0.8136 (p< .000)
Decision-making 0.8916 (p< .01)
Diagnose and problem solving 0.8354 (p< .000)

Significant internal consistency reliability estimates (p<0.01) were found for
AIM-Hi, AIM-Q and all of the AIM-Cog sub-tests. The results suggest that the
items in AIM-Hi are consistent in their measurements. Similarly, the results
suggest that the items in AIM-Q are consistent in their measurements. Finally,
the results for the AIM-Cog sub-tests suggest evidence that the items in each
sub-test are consistent in their measurement. The findings indicate good
internal consistency reliability in AIM.
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