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EXECUTIVE SUMMARY

This document is concerned with human factors in systems design and in particular making
users and stakeholders aware of the importance and benefits of integrating human factors in
the ATM life cycle. The report provides a wide-ranging review of human factors methods and
tools relevant to the life cycle of ATM systems design.

The report constitutes the second part of the larger Human Factors Integration in Future ATM
Systems (HIFA) Project being carried out by the UK Defence Evaluation and Research
Agency (DERA) on behalf of the Human Factors and Manpower Unit of EUROCONTROL
(formerly the ATM Human Resources Unit). As currently planned the HIFA Project is being
carried out in two Phases: in Phase 1 the basic guidance material is being prepared;
subsequently, in Phase 2 this material will be made widely available through appropriate
electronic media (e.qg. Internet).

This document is the third report for Phase 1 of HIFA. The first report (EATMP, 2000a) for
Phase 1 is a comprehensive literature review of design concepts and philosophies for the
role of human factors within ATM systems development. The second report (EATMP, 2000b)
identifies the key integration issues, and specifies the human factors tasks to carry out and
the checklist questions to ask. The roles and responsibilities required to implement the HIFA
process are also detailed.

Chapter 1, ‘Introduction’, outlines the background to the project, and the objectives and
scope of the report.

Chapter 2, ‘Human Factors Methods’, provides the bulk of this report and itemises the major
human factors methods, and lists their associated tools used in human factors analyses
during system design, development and integration.

Chapter 3, ‘Human Factors Tools’, lists and briefly describes the nature of the tools.

Chapter 4, ‘Human factors Methods and Life Cycle Integration’, briefly illustrates how human
factors activities have been incorporated into the EATMP life cycle.

The final sections of the report provide References, Sources of Information on the Internet, a
glossary of the Abbreviations and Acronyms used in the report, and a list of the Contributors
to this document.

Edition: 1.0 Released Issue Page 1
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1.2

INTRODUCTION

Purpose

The purpose of this document is to present a review of relevant human factors
methods and tools used in system design. The document constitutes the third
part of a larger project entitled ‘Human Factors Integration in Future ATM
Systems (HIFA)' being carried out by the Human Factors and Manpower Unit
of EUROCONTROL (in short DIS/HUM or HUM Unit; formerly known as the
ATM Human Resources Unit) and contracted to the British Defence Evaluation
and Research Agency (DERA).

The HIFA Project is one of several human factors activities being conducted
under the ATM Human Resources Programme (HRS) within the EATMP!
Human Resources Domain (HUM). The projects accords well with the aim of
the ‘ATM Strategy for 2000+’ (EATCHIP, 1998a) which states:

consideration of human factors issues must be part of the
technology design and certification process and of the
development of operating procedures, and be completed before
technology is used operationally to avoid flawed human-
technology interfaces which may cause operating problems and
additional costs throughout the system life cycle.

The Strategy document (op. cit.) goes on to say:

ATM has a poor record for implementing change to time and
within budget, and many major infrastructure projects have
suffered delays and escalating costs. This indicates that there
are fundamental problems in the development of complex ATM
systems, and the relationships with equipment suppliers.

Although the integration of human factors within the system development
process does not by itself guarantee that ATM systems will avoid such
problems in the future, the proper consideration of human factors issues is an
essential part of the solution.

Scope of Document

The document is the third of three reports planned for Phase 1 of the HIFA
Project. The document is intended to provide a wide-ranging and detailed
review of literature concerned with human factors methods and tools.

! European Air Traffic Management Programme (formerly ‘EATCHIP’, standing for ‘European Air
Traffic Harmonisation and Integration Programme’)

Edition: 1.0
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1.3

1.4

The purpose of the report is as follows:

» to identify methods and tools to integrate human factors into future ATM
systems;

* to describe those methods and tools;

* to provide guidance on the resource costs (e.g. time and effort) associated
with the methods.

Background to Project

Current activities for integrating human factors within the life cycle of ATM
systems were initiated in 1997 as part of the Human Resources Work
Programme. The main events and milestones within which the present HIFA
Project fits and including those events anticipated in the future are as follows:

« Human Factors Module March 1998
Title: ‘Human Factors in the Development of Air Traffic
Management Systems’ (EATCHIP, 1998b)

« Third EUROCONTROL Human Factors Workshop October 1998
Title: ‘Integrating Human Factors into the Life Cycle of
ATM Systems’. Held in Luxembourg on 7-9 October
1998 (see EATMP, 1999a)

+ Human Factors Integration (HFI) Guidance material November 1999
Guidance material for HFI in the ATM system
development life cycle. Development work contracted
out to DERA (see this report and EATMP [2000a &
2000b])

« Human Factors Module December 1999
Title: ‘A Business Case for Human Factors Investment’
(EATMP, 1999b)

« Human Factors Integration E-Book November 2000
A handbook will be produced on the basis of the
guidance material and will be made widely available
through Internet and CD-ROM technology

Structure of the Document

The document is divided into four main chapters, excluding the extensive
literature references, and the Internet links given at the end of the report and
other annexes. The structure of the report is intended to introduce the reader
to the variety of human factors methods that are available and place them into

Page 4
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a realistic context of when they are likely to be most useful through the system
life cycle.

Following the Introduction (Chapter 1), some 39 human factors methods are
described in detail in Chapter 2. Included in each description is a list of
relevant tools and examples of key references in the literature. An extensive
list of 72 tools is described briefly in Chapter 3. Finally, the relationship
between the methods and the system development life cycle is discussed in
Chapter 4, and example methods are given for each phase of the life cycle.

Introduction
(Chapter 1)

Human Factors Human Factors

Methods (n=39) Tools (n=72)
(Chapter 2) (Chapter 3)

Human factors methods
and life-cycle integration
(Chapter 4)

References and
Internet links
(Chapters 5 and 6)

Figure 1: Schematic illustration of topics covered in the report

Definitions

The term ‘method’ is defined as a system of principles, practices and
procedures applied to accomplishing anything. The term ‘tool’ is defined as
anything (e.g. an instrument) used in the performance of an operation.

To clarify the distinction between the two terms; A method provides the
underlying principles or rules that need to be applied in completing an

Edition: 1.0
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operation, whereas a tool is a specific instrument that is based within a
method to achieve a particular aim. Tools can be designed from scratch to
achieve a novel aim not covered by existing tools.

For example, task analysis provides the broad methodology to investigate a
wide range of issues (e.g. workload, training needs). Within that method are
specific tools such as GOMS (Goals, Operators, Methods and Selection rules)
designed to focus on cognitive aspects of working with computer-based
equipment. Similarly, checklists can be used for a variety of purposes such as
equipment design and conformance to procedures.

Page 6 Released Issue Edition: 1.0
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2.1

2.11

HUMAN FACTORS METHODS

Introduction

Scope and Selection Criteria

This chapter forms the bulk of this report. Its purpose is to provide a
comprehensive overview of the methods available to address human factors
issues in systems design. These method descriptions are supplemented with
a list of their associated tools. However, it is beyond the scope of the present
study to present a critical evaluation of each method and tool. The aim here is
to provide an overview and guide to appropriate methods for a given situation,
not to present an exhaustive listing of methods, their nature and application.

It is evident that there are many human factors methods and tools in existence
as evidenced by reviews by Kirwan and Ainsworth (1992), Foot et al (1996),
Beaujard et al (1997), and Dean (1997). Also, given the multi-disciplinary
nature of human factors, which overlaps with such fields as computer science,
systems engineering, occupational psychology, the list of methods and tools
that could potentially be included is very large. Clearly, some selection of the
most appropriate methods and tools is necessary.

With regard to the choice of methods, the main criterion is to provide a set of
methods that covers the broad range of human factors activities throughout
the system development life cycle. Thus, methods other than the traditional
engineering ones should be included. The set of methods chosen is
summarised in Sections 2.1.2 and 2.1.3 below.

With regard to the choice of tools the main criteria are:

e the tools should be well developed and should not be prototype or
research products that have been little used or tested,

» the tools should be well documented, preferably with information on the
Internet, and readily available from a clearly identified source or reference;

» the tools should, as far as possible, represent the latest in tool
developments; they should be up-to-date and should not include obscure
or rarely used examples.

Based on these criteria a selection of some seventy-two tools is identified and
described in Chapter 3.

Edition: 1.0
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2.1.2

2.1.3

Description of the Methods

A simple tabular format is used for the presentations that follow. Each table
describes the following:

* the title of the method,

» the appropriate phase(s) in the ATM life cycle,

» adefinition of the method and its objective,

» the broad procedure associated with the method,

» the method’s inputs and outputs,

« an outline of the costs, advantages and disadvantages of the method,
« alist of the tools associated with the method,

* akey reference about the method and/or tool.

Categories of Methods

To a certain extent all human factors methods are basically analysis methods
of one form or another. However, it is useful to group the methods particularly
for the purpose (within HIFA) of linking the methods to phases of the design
life cycle.

Eight broad categories of methods are distinguished. These are listed below
and form the structure for this chapter:

Data collection methods.

Task/system analysis methods.

Data analysis methods.

Equipment and environment design methods.
Evaluation methods.

Human resources methods.

Performance assessment methods.

Human reliability assessment methods.

N WNE

The number of individual methods for each of the above categories varies
from between two to seven. The total number of ‘core’ methods identified is
thirty-nine. A complete listing of all of the methods is shown in Table 1.

Page 8
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Table 1: List and categorisation of human factors methods

Category of Methods Report
method (and report section) Page No.
Data collection 2.2.1. Activity Analysis 10
2.2.2. Operational Analysis 12
2.2.3. Observational Techniques 13
2.2.4. Questionnaires 14
2.2.5. Structured Interviews 16
2.2.6. Psychometric Scaling 17
2.2.7. Charting and Network Methods 18
Task/system 2.3.1. Early Human Factors Analysis 21
analysis 2.3.2. Task Analysis 22
2.3.3. Cognitive Task Analysis 24
2.3.4. Integrated Task Analysis 25
2.3.5. Method for Usability Engineering 26
Data analysis 2.4.1. Critical Incident Analysis 28
2.4.2. Functional Allocation 29
2.4.3. Operational Sequence Analysis 31
2.4.4. Timeline Analysis 32
2.4.5. Influence Diagrams 34
Equipment and 2.5.1. Anthropometry 35
environment 2.5.2. Body Strength and Stamina 36
design 2.5.3. Workspace and Workplace Design 37
2.5.4. Link Analysis 39
Evaluation 2.6.1. Checklists 41
2.6.2. Verbal Protocols 42
2.6.3. Cognitive Walkthrough 44
2.6.4. Real-time Simulation 45
2.6.5. Usability 47
Human resources | 2-7.1. Selection 49
2.7.2. Training Needs Analysis 51
2.7.3. Training 52
2.7.4. Manpower Planning 54
Performance 2.8.1. Objective Performance Measurement 56
assessment 2.8.2. Objective Workload Assessment 57
2.8.3. Subjective Workload Assessment 58
2.8.4. Physiological Workload Assessment 60
Human reliability 2.9.1. Event Trees 62
assessment 292 Fault Tl‘eeS 63
2.9.3. Failure Mode and Effects Analysis 64
2.9.4. Hazard and Operability Analysis 65
2.9.5. Cognitive Reliability and Error Analysis 67

Edition: 1.0 Released Issue Page 9
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2.2

221

Data Collection Methods

A common starting point for human factors analysis is to describe the tasks
being investigated. This forms the basis for subsequent, detailed analysis of
the characteristics of those tasks. The relevant methods here are:

2.2.1. Activity Analysis.

2.2.2. Operational Analysis.

2.2.3. Observational Techniques.
2.2.4. Questionnaires.

2.2.5. Structured Interviews.

2.2.6. Psychometric Scaling.

2.2.7. Charting and Network Methods.

Activity Analysis

Life cycle phase: Early phases.

Definition: An objective analysis based on measurement and
guantification, of the task behaviours (or activities)
engaged in by an operator being observed.

Aim: To determine the proportion of time an operator spends
on different activities.

Procedure

This method requires the activities to be observable and distinguishable, and

the

sampling must be able to keep pace with the tasks. The four phases

required are:

1.

Categorising activities. Observe the task to determine what the
expected activities will be. Determine the distinctive activities. Categorise
and define the expected activities (to a maximum of twenty activities) and
the limits of each activity (the start and end points).

Develop a sampling schedule. The sampling interval must be less than
or equal to half the duration of the shortest activity to ensure all relevant
data is captured. Determine how long the sampling should continue for.
Sampling schedules can be fixed interval (in which samples are taken at
regular intervals) or random sampling.

Data collection and recording. Train the observers in the data collection
requirements. Consider completing a pilot study to check the activity
criteria and data recording techniques. Two types of data record can be
used:

a) A tally records a frequency without indicating the activities sequence or
duration.

b) A sequential sample in which activities are marked in a time sequence.

Page 10
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4. Analysis. Calculate each activity's frequency, duration and sequence.

Resources required/Information requirements: Subject matter experts to
prepare the data collection formats, and analysts/observers to collect the data,
timing equipment, data record sheets, video recorders and a sample of normal
operator activities.

Outputs: Record of relative frequencies, duration and sequence of activities.
Estimates of staff requirements, skill levels, workload, stresses, and problem
areas can then be derived.

Advantages
* The method is objective.

* Pre-determined data tabulation reduces the need for interpretation in data
collection.

 The method is non-intrusive; the observers have a passive role in data
collection.

* Administering the method is simple and requires few resources.

« The method is useful when numerous activities occur in no particular
order.

* The method can reveal whether a significant time is used on unanticipated
activities.

Disadvantages

» Setting up the method may be difficult and resource intensive, depending
on the nature of the activity observed.

* Analytical skill is required to set up a relevant and targeted data collection
tool.

» Complex activities can require increased time for data collection.

» Cognitive aspects of tasks are not addressed (e.g. decision-making
activities).

» High-task frequency may not relate to task importance. This risks
misinterpretation.

Tools

e Observer (http://www.noldus.com)
e Continuous Safety Sampling Methodology (CSSM)

References

* Meister (1985)

* Chapanis (1996)

e Quintana & Nair (1997)

Edition: 1.0 Released Issue Page 11
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2.2.2

Operational Analysis

Life cycle phase: Early phases.

Definition: The analysis of projected operations to obtain information
about situations or events that will confront operators of a
new system.

Aim: To generate a top-level statement of operational needs

and concepts for a new system.

Procedure

Documents are reviewed and subject matter experts consulted to generate
descriptions of scenarios, events, environments, assumptions, and
constraints, and the consequences and implications for operators and
maintainers.

Resources required/Information requirements: Documentation (statement
of requirement, planning documents), and consultation with subject matter
experts and the customer.

Outputs: Descriptions of scenarios, events, environments and assumptions,
their implications for operators and maintainers, and foreseeable constraints
and their consequences.

Advantage

The method provides a broad perspective and structure for later analyses (e.g.
a hierarchical task analysis and a more detailed task analysis of the
scenarios).

Disadvantages

* The method may lack detail necessary for detailed specification of a
complex system and may need to be supplemented by further analysis.

e Can be time-consuming and requires subject matter experts to be
available.

Tools

Key Issues Tool (KIT)

References

* Chapanis (1996)
* McLeod & Walters (1999)
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2.2.3

Observational Methods
Life cycle phase: Any phase.

Definition: Methods that are used in research to assist in making
accurate observations of events.

Aim: To obtain data by directly observing the activity or
behaviour being investigated.

Procedure

Non-intrusive observation can be achieved by recording visual and audible
events using an observer in the field, or recording those events on appropriate
media for later transcription into a format that is meaningful to the analysis
required.

Participative observation has the observer playing an active role in the task
along with the operators. This may be useful in complex, skilled tasks where a
certain amount of automatic activity is undertaken where the operator may
have difficulty in explaining how the task is being achieved.

Resources required / information requirements: The following resources
can be used: suitably trained observers, recorders (audio and visual), a means
of transcribing those recording into meaningful data, cameras, timers and
checklists. This method can be used in conjunction with the analysis of similar
systems, structured interviewing and verbal protocols.

Output: This technique provides the specific data needed to the particular
issue.

Advantages

 Some data can only be recorded by observation (e.g. social interactions
and environmental influences).

* These methods are useful pilot studies to identify useful areas for further
research.

» They increase the observers’ familiarity with the task under investigation.
» The method is objective.

» Participative methods can demonstrate team and organisational aspects of
tasks.

Disadvantages

 The method is somewhat crude and so requires significant structuring to
ensure the meaningful data are recorded.

* The method is non-intrusive but observable behaviours may be affected if
operators know they are being observed.

» Cognitive processes cannot be analysed through this technique.
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Complex, high-quality observation methods can be expensive and difficult
to set up.

Tools

Continuous Safety Sampling Methodology (CSSM)

DRUM (http://www.usability.serco.com/msexplorer/index.html)
Observer (http://www.noldus.com)

MacSHAPA (http://iac.dtic.mil/cseriac/products/macshapa.html)

References

Drury (1990)

Baber & Stanton (1996)
Quintana & Nair (1997)
Dray (1998)

Ratier (1998a)

Questionnaires

Life cycle phase: Any phases.

Definition: A set of pre-determined, formatted questions

administered to any number of people to elicit their views,
for example as part of a survey.

Aim: To collect from a selected group of people their

knowledge of, or opinions about, or attitudes towards
specific things (including themselves) or events; to collect
specific items of data in an economic and structured way.

Procedure

Four overriding issues must be considered in questionnaire design:

1.

Questions. The primary design principles are simplicity and clarity while
avoiding technical terms, negatives and leading questions. This will
ensure all respondents interpret the items in the same way and avoid
misinterpretation. Allow for a broad range of responses.

Question types. These are dependent on the type of data required. The
range of types includes multiple choice questions, rating scales, paired
comparisons, ranking according to a given criteria (all of which produce
guantitative data), and open ended questions (producing qualitative data).

Administration. The appropriate population must be identified and an
appropriate sampling strategy determined. Administration methods
include self-completion questionnaires and structured interviews.

Confidentiality. The respondents’ data must be retained in confidence.
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Resources required/Information requirements: Printed material, return
envelopes and postage costs (self-completion questionnaire), trained staff to
administer the questionnaire (for interview structure).

Output: Structured data.

Advantages

Questionnaires are economical to administer to large populations
simultaneously.

Closed questions can focus the survey on the issues in question rather
than having respondents being distracted by secondary issues.

A properly constructed questionnaire can be a robust, valid and reliable
method.

This method is closely linked with the structured interview method to give
structured data.

Disadvantages

Respondents may be influenced to provide answers they think are
required or to leave a particular impression, rather than present a true
response.

Questions that are not clearly defined may lead to respondents applying
different meanings may be given to same questions.

Self-completion questionnaires have low response rates, so need a large
sample pool. Using questionnaires for structured interviews can enhance
the response rate.

Some subjective interpretation is required in open-ended questions.

Tools

Fleishman Job Analysis Survey (F-JAS)

Position Analysis Questionnaire (PAQ)

Questionnaire for User Interface Satisfaction (QUIS)
Software Usability Measurement Inventory (SUMI)
SAGAT

Website Analysis and Measurement Inventory (WAMMI)

References

Fleishman (1992)

Fleishman & Mumford (1991)
Sinclair (1975)

Oppenheim (1986)

Charlton (1996)

Ratier (1998b)

Allendoerfer & Galushka (1999)

Edition: 1.0

Released Issue Page 15



HRS/HSP-003-REP-03 Human Factors Integration in Future ATM Systems - Methods and Tools

2.25

Structured Interviews
Life cycle phase: All phases.

Definition: A meeting arranged for a particular purpose using a pre-
determined sequence of interview questions.

Aim: The systematic collection of task-based data.

Procedure

An information interview generates general information on issue in question
whereas a survey interview has a more specific goal and is more systematic.

Prior to the interview, the objectives of the study must be defined. Design the
interview format with the analysis in mind to determine the type of data
required (e.g. quantitative, qualitative, nominal, interval, etc.). Administer the
interview in an environment that is likely to elicit response, usually an
environment familiar to the interviewee or linked to the task under
investigation.

The interview data must be kept confidential and the interviewer informed of
that. A rapport must be established to facilitate and elicit response with the
interviewer presenting a confident and competent manner.

During the interview the relevance of the process must be maintained and the
interviewer should guide that process.

Resources required/Information requirements: Appropriate surroundings to
facilitate the interview, trained interviewers, recording devices (audio and/or
visual), a data collection format or pro-forma, and interviewer’'s knowledge of
the task in question (if relevant).

Outputs: Recordings and transcriptions of the interviews, and quantitative and
gualitative data.

Advantages

» Interviewing provides a natural means of data gathering that is relatively
economic.

» Interviews can supplement other methods (e.g. critical incident and
guestionnaires).

» They are flexible in allowing interesting and unexpected information to be
explored.

» Structuring the interview imposes consistency and standardisation to the
process.

* This method can be used at any stage of task analysis.
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Disadvantages

» Although generally economic this process can be time-consuming and
labour intensive. Questionnaires may be a useful and cheaper alternative.

* The information required for the interview may not be easily recalled by the
interviewer, or may be difficult to explain satisfactorily.

« The interviewer may bias the interview by inadvertently suggesting
required answers.

Tools

» Ethnograph
» Decision Explorer
* Repertory Grid Analysis

References

* Meister (1985)
* Rubin & Rubin (1995)
» Baber (1996)

e http://www.qualisresearch.com
« http://tiger.cpsc.ucalgary.ca/WebGrid/WebGrid.html
e http://www.banxia.com/demain.html

2.2.6 Psychometric Scaling
Life cycle phase: All phases.
Definition: Subjective  measurement technique using paired

comparisons, ranking, sorting or rating to evaluate or
measure things or events.

Aim: The aim of scaling is to quantify, both in degree and
direction, subjects’ views about the things or events in
guestion.

Procedure

A rating scale consists, usually, of a straight line with five, seven or nine equal
divisions along which a series of adjectives (with or without a number) which
describe the stimulus attribute, are positioned. This Likert-type of rating scale,
as it is known, is the one most practitioners are familiar with.

Resources required/Information requirements: All that is required, at its
simplest, is a sheet of paper with the scales to be scored (alongside the
relevant questions). Presentation of the material on a computer is also
possible particularly to facilitate later data analyses.

Outputs: Data sheets with subjects’ ratings. Analysing the collected data can
then be carried out to derive additional statistical relationships.
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2.2.7

Advantages
e Simple to construct and administer.

e Can be applied to almost anything. The use of rating scales is by far the
most frequently employed subjective measurement technique.

Disadvantages
» Data analysis can be time-consuming without computer support.

« Valid and reliable scales require careful development. (Apparent simplicity
of psychometric scaling can be misleading.)

Tools

» Bedford scale

» Cooper-Harper scale

» Defence Research Agency Workload Scale (DRAWS)
* Fleishman Job Analysis Survey (F-JAS)

* Subjective Workload Assessment Techniques (SWAT)

* SART
* MACE
* NASATLX

* Observer Rating Form

References

*  Fleishman (1992)

e  Fleishman & Mumford (1991)

* Oborne (1976)

e Meister (1985)

e Aiken (1996)

*  Sollenberger, Stein & Gromelski (1997)

Charting and Network Methods

Life cycle phase: Early phases.

Definition: Graphic descriptions used to describe tasks within a
system.

Aim: To use the formal graphical representation of the task
which is easier to understand than a textual description of
the task.

Procedure: Charts

1. Input/output diagrams. A very simple representation of a task as an
input-output diagram. The relevant tasks are selected and the inputs and
outputs identified. These can be linked according to functions chains
expected in task sequences.
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Process charts. A simple, top-down flow diagram of a task. Each
behaviour element within the task is represented by a symbol with
particular characteristics (e.g. operation, inspection). This method is
useful in representing semi-manual tasks.

Functional flow diagrams. This method presents block diagrams the
represent the relationships between functions. Each function within the
system is identified, and placed in the sequence that best represents their
interrelationships. This method can be used as a simple form of indicating
function order allocation within a system.

Information flowchart or decision-action analysis. This method
considers task according to their decisions and actions. The format
presents decisions as diamond shapes and actions as blocks within a line
flowchart. Probabilities may be allocated to each item (e.g. event tree).

Procedure: Networks

1.

Critical path analysis. A method usually used to determine management
schedules. Tasks are listed and represented as nodes, links made
between dependent tasks, and task durations are linked to the nodes so
potential problems can be identified.

Petri nets. This method shows the conditions, which are connected by
events, which alter the system’s state. It is not linked to a timeline and can
be used to show complex plans and control systems.

Signal flow graphs. Based on electrical flow diagrams, this method
identifies important task variables, and how they relate within the system.
Output variables are targeted and all the variables that could influence
them are identified.

Resources required/Information requirements: Data and documents
outlining the systems being investigated, subject matter experts familiar with
using the methods, and observation methods.

Output: A clear and understandable system representation.

Advantages

This method presents a concise and understandable representation of the
tasks.

Charts and networks incorporate a time element suitable for timeline
analysis and creating operational procedures in training needs.

The information can be used to categorise human tasks and systems
functions when considering allocation of function issues.

Charts can be used to identify criteria to identify task closure (e.g. for task
analysis).

These methods are also linked with fault and event tree analyses and
hierarchical task analysis.
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Disadvantages

Charts and networks are limited in the amount of information they can
convey.

Complex systems can result in complex charts.

At the early stages of the system life cycle the tasks and cognitive
processes involved with using the system may be broad and without tight
criteria that can be modelled.

Tools

ATLAS

FAST

Micro Saint

Traffic Organisation and Perturbation Analyzer (TOPAZ)

References

Singleton (1974)
Laughery & Laughery (1987)

http://www.maad.com/msabout.html
http://www.nlr.nl/public/facilities/f151-01/index.html
http://www.humaneng.co.uk
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2.3

231

Task/System Analysis Methods

These methods provide the focus of effort for analysing systems, reflected by
the array of methods available for task analysis:

2.3.1. Early Human Factors Analysis (EHFA).
2.3.2. Task Analysis.

2.3.3. Cognitive Task Analysis.

2.3.4. Integrated Task Analysis (ITA).

2.3.5. Method for Usability Engineering (MUSE).
2.3.6. Influence Diagrams.

Early Human Factors Analysis
Life cycle phase: Initiation phase and early phases.

Definition: A method, integral to the early stages of a project, to raise
awareness of issues (risks) that may affect the project.

Aim: To identify and track key human factors issues at life
cycle stages when little information is available.

Procedure

Early human factors analysis (EFHA) begins with the top-level requirements of
the process targeted at key stakeholders within the life cycle. The methods are
allocated to specific phases of the life cycle and linked to the key stakeholder
who will undertake those analyses. There are seven steps:

1. Document the Project Baseline for the analysis (documents, concept
options, requirements, constraints, etc.).

2. Document Assumptions including those arising from baseline material
as well as others that become apparent during the analysis.

3. Identify Concerns that might represent risks to the project. Encourage
stakeholders to make concerns explicit rather than taking them for
granted, or assuming they are not important.

4. Review the Concerns. Those that need further analysis are treated as
key Issues (or requirements). There should be relatively few key
Issues.

5. Analyse the key issues, ensuring that they are expressed
unambiguously and that associated assumptions have been identified
and checked.

6. Estimate Risks associated with key issues in terms of the likelihood
and dimensions of Impact. The result is an input to the project risk
register.

7. ldentify Strategies to reduce serious risks. Strategies provide the basis
for planning a work programme to reduce human-related risks.
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2.3.2

Resources required/Information requirements: Project sponsor, subject
matter experts, human factors analysis co-ordinator and documentation.

Outputs: Human Factors Integration Management Plan, Issues Register,
Assumptions Register and Issues Log.

Advantages

e Simple and intuitive.

e Maintains an audit trail for key issues identified early in the development
process.

» The method is well integrated into the whole life cycle process.

Disadvantages
* The method can be taxing on resources to maintain the output documents.

* The project sponsor must have an appreciation of human factors to be
able to initiate the method.

Tool

Key Issues Tool (KIT)

References
* McLeod & Walters (1999)

o http://www.nickleby.com

Task Analysis

Life cycle phase: Early phases.

Definition: A broad method establishing the conditions required for a
hierarchy of subtasks to carry out to achieve a system’s
goal.

Aim: To develop a system description in a task hierarchy from

general processes down to specific details that merit
further description.

Procedure

Task analysis is a very broad methodology, encompassing both descriptive
and analytical techniques, and generally forms the basis of many subsequent
analyses. The most well known method is Hierarchical Task Analysis (HTA).
HTA is the common starting point for describing task structures prior to more
detailed analysis. Individual HTAs vary in their implementation, but some basic
principles apply. HTAs provide a set of rules for task description. Three core
concepts apply:

Page 22

Released Issue Edition: 1.0



Human Factors Integration in Future ATM Systems - Methods and Tools HRS/HSP-003-REP-03

1. A goal defines the top of the task hierarchy; it is a desired state of a
system that is under control (e.g. system start-up).

2. A task is the method applied to achieve that goal (e.g. read checklist,
initiate actions, etc.).

3. An operation is the base unit of behaviour that the person does to achieve
the goal (e.g. actuate ON switch, etc.).

The goals are broken down into tasks and sub-tasks until the required level of
performance criteria have been achieved. The criteria depend on what is
necessary for the analysis. A common stopping tool is the P*C rule (see
below).

The resulting HTA can be presented in several ways:

1. Hierarchical diagrams are used to convey the overall task structure or
hierarchy. They provide an easy method of presenting the task structure
information.

2. Number systems allocate the number O (zero) to the top-level goal. The
tasks required for that goal are numbered from 1 to n (the number of
tasks). Operations are numbered according to its related super-ordinate
task (e.g. tasks 1.1-n). Sub-operations are numbered according to their
subordinate operations in the same format as its operation (e.g. operation
1.1 is subdivided into operations 1.1.1-n).

3. Tabular formats allow further information and comments to be added to the
task description by adding columns to the table.

Resources required/Information requirements: Subject matter experts,
interview structures, stopping criteria.

Outputs: A hierarchy of operations or goals to be achieved within the system,
and plans which state the conditions required before the operations can be
undertaken.

Advantages

» This method provides the basis for many other human factors methods,
especially more detailed performance, workload, and error analyses.

« It is economical because one researcher can complete it and only the
parts requiring justification under the stopping rules need be addressed.

* The overall structure indicates the context in which individual tasks occur.
* The method allows rapid insight to be gained about the system processes.

* The method can form the basis for checking procedures later in the system
life cycle.
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Disadvantages

« It can be difficult to identify a suitable level of descriptive detail (i.e. when
to stop).

* The method is not simple and may require training and/or experience in its
use.

» The method requires collaboration to derive the information from the varied
sources (e.g. operators, management).

Tools

» ATLAS

» Integrated Performance Modelling Environment (IPME)
« GOMS

» FAST

e  WinCrew

References

e Card, Moran & Newell (1983)

» Diaper (1989)

« MOD (1989)

*  Kirwan & Ainsworth (1992)

e Johnson & Johnson (1991)

e  Sebillotte & Scapin (1994)

* Richardson, Ormerod & Shepherd (1998)

Cognitive Task Analysis

Life cycle phase: Detailed design.

Definition: A task analysis method that covers a range of approaches
addressing cognitive, internal events or knowledge
structures.

Aim: To investigate the cognitive aspects of tasks with an

emphasis on constructs including situational awareness,
decision-making and planning.

Procedure

The procedure will follow that of general task analysis. Once the task structure
has been established, the supplementary information will be based on the
constructs of interest to the investigation in question (e.g. situational
awareness, decision-making and planning).

Resources required/Information requirements: Subject matter experts and
documents (manuals, standard operating procedures, specification
documents). Emphasis is placed on information requirements, evaluations and
decisions.
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Output: An ordered list of tasks with supplementary information about the
cognitive requirements of the task structures (especially information
processing, decision-making and planning processes).

Advantage
The method can be used to identify training needs and information
requirements.

Disadvantage

Establishing the constructs can rely on subjective interpretation.

Tools

» Complex Cognitive Assessment Battery (CCAB)
* Applied Cognitive Task Analysis (ACTA)
 ATLAS

References

» Diaper (1989)

*  Hamilton (2000)

* Militello et al (1997)

e  Seamster, Redding & Kaempf (1997)
e Schraagen, Chipman & Shalin (2000)

234 Integrated Task Analysis (ITA)

Life cycle phase: Early phases and system evaluation process.

Definition: A task analysis method that covers different approaches
addressing the behavioural and the cognitive aspects of
the air traffic controller's tasks in order to compare
different positions and service provisions (en-route,
arrival/ departure and aerodrome).

Aim: To investigate the cognitive aspects with an emphasis on
the cognitive processes and working style of air traffic
controllers.

Procedure

The task analysis is conducted by applying a standardised set of methods

comprising of:

1. A cognitive interview.

2. A set of behavioural observations.

3. A post observational interview.

4. A method of flight strip reconstruction.

5. Several complementary questionnaires on strain and stress.

Edition: 1.0 Released Issue Page 25



HRS/HSP-003-REP-03 Human Factors Integration in Future ATM Systems - Methods and Tools

2.35

Resources required/Information requirements: Subject matters experts (air
traffic controllers), trained analysts (familiar with interview techniques and a
fair background in ATC) and the ITA methods documents (interview guide,
observation grids and questionnaires; and data processing scales).

Outputs

» Cognitive processes, cognitive profiles and working styles of the specific
position/Unit.

. Users’ needs identification.

Advantages

e The methods are easy to use and take about five hours by
controller/position.

» The methods are adjustable and adaptable for specific purposes.

» Reference material is available on the cognitive processes of air traffic
controllers and working style.

* The results allow before/after or previous/new system comparison.

Disadvantages

* The data processing is time-consuming.
* Analysts need a basic training.
* No computerised tools available for the data collection and processing.

Tools

No computer support yet developed.

References

« EATCHIP (1998¢)
« EATMP (1999¢c, 2000c and 2000d)

Method for Usability Engineering
Life cycle phase: Early.

Definition: An analysis and design method focusing upon the
integration of human factors with structured software
engineering methods.

Aim: The method for usability engineering (MUSE) aims to
improve the effectiveness of the human factors input into
system development, particularly to facilitate an active
and explicit involvement in system specification (as
opposed to system evaluation only).
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Procedure

MUSE has three phases:

1. Phase 1 (Information elicitation and analysis) involves collecting and
analysing information concerning the existing tasks of users and the
positive and negative features of the systems that they currently use.

2. Phase 2 (Synthesis) during which the human factors requirements of the
design are established and the semantics of the task domain as it relates
to the work system are analysed and recorded.

3. Phase 3 (Design specification) during which a detailed and device-specific
specification of the user interface is produced.
Resources required/Information requirements

e A separate Software Engineering Method (such as JSD or SSADM) is
required.

« The method requires that certain products are checked against those of the
SE design team to promote implementability of the final design.

Outputs: Extant systems analysis, statement of user needs and various task
models. In addition, a table concerning aspects of the diagrams as well as
observations and speculations concerning design ideas supports each MUSE
product.

Advantages

¢ Promotes common understanding and discussion between human factors
and software engineering design teams.

« Consideration of design issues early in system development.

« Facilitates re-use of work from earlier projects, thus reducing the need for
duplication of analyses.

MUSE has wide application and documented case studies.

Disadvantages
« MUSE is a sophisticated method and has a steep a learning curve.

* It is best integrated with a system development method, usually Jackson
System Development (JSD).

Tool
Toolkit support is available for MUSE (for example, MUSE*/JSD)

References
e Lim & Long (1994)
* http://euserver3.psychol.ucl.ac.uk/RESEARCH/muse.html
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2.4

24.1

Data Analysis Methods

These methods are more specific than task analysis methods and cover
investigation of important and safety critical tasks and/or events (critical
incidents), sequencing issues (timeline analysis) and appropriate allocation
between human and machine (function allocation). The relevant methods are:

2.4.1. Critical Incident Analysis.

2.4.2. Functional Allocation.

2.4.3. Operational Sequence Analysis.
2.4.4. Timeline Analysis.

2.4.5. Influence Diagrams.

Critical Incident Analysis
Life cycle phase: Early and Operations phases.

Definition: A method of identifying the sources of operator-system
and maintainer-system difficulties in operational or
simulated systems.

Aim: The collection of data about incidents within a working
environment which have potentially important effects on
system objectives.

Procedure

There is a presumption that incidents are memorable and so easily recalled for
detailed analysis. The severity of events attracting the label ‘critical’ must be
clearly defined at the start. Two broad approaches are available:

 The ‘open ended technique’ uses simple open-ended questions to elicit
data in a free recall approach for later classification.

* The ‘systematic approach’ uses the following guiding principles:

1. Determine general aims of activity. This determines the effective
behaviours against which to assess the incident.

2. Specify criteria for effective and ineffective behaviours. The situation
in which the incident occurred must be specified so the incident can
be related to the original system objectives.

3. Collect data. Using individual/group interviews, questionnaires or
checklists can complete this. A standardised format has economic
benefits for data collection.

Resources required/Information requirements: The following resources
can be used: trained analysts, subject matter experts, accident/incident
investigation, interviews, questionnaires, observation techniques and verbal
protocols.
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Outputs: The identification of human-system difficulties in the operation of a
system. Hypotheses about their causes may be made and solutions to those
difficulties may be produced.

Advantages

« The method identifies system features that are potential human factors
problems.

* |t can contribute to the reduction of human error.

* Rare but critical events can be identified that may not be identified in other
methods.

* The method has high face validity.

« It provides an economic use of resources if used at the early stages of
design.

» It links with fault and event tree methods, and with HAZOP analysis.

Disadvantages

« The method relies on accurate and truthful reporting of events by
operators.

* Memory is subject to distortion and forgetting.

 Good interviewer-interviewee rapport is required to elicit truthful,
confidential reports.

* More regular but less memorable incidents may not be captured by this
method.
Tools

* Procedural Event Analysis Tool (PEAT)
* Maintenance Error Decision Aid (MEDA)

References

* Flanagan (1954)
e Chapanis (1996)
* Ratier (1998a)

« http://www.boeing.com/news/techissues/peat/index.htm
* http://www.boeing.com/commercial/aeromagazine/aero 03/m/m01/index.h
tml

2.4.2 Functional Allocation
Life cycle phase: Design phases.
Definition: A method for assigning functions, actions and decisions to
hardware, software, human, or a combination of them.
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Aim: To allocate functions between the components of
hardware, software and the human operator to aid the
completion of the system’s goals.

Procedure

This method links closely to task description and analysis. Identify all the
functions that are to be allocated. Remove the functions to be allocated to
operators or equipment for reasons of safety, capability limitations, or system
requirements. Prepare description of the remaining functions.

Define the various options between manual control and automation for each
function. Establish weighting criteria to compare those alternatives. Compare
the effectiveness of those options in achieving the required function. Select
the option that meets the performance criteria and provide a cost-effective
means of achieving the system functions. Cost effectiveness of an option may
depend on manning levels, training needs, workload issues and standard
operating procedures.

Resources required/Information requirements: Documentation review of
functional flow analysis, decision-action analysis, action-information analysis,
data from other human factors databases, consultation with subject matter
experts.

Output: Function allocations between hardware, software, operators,
maintainers or a combination of those elements.

Advantages

» The method does not result in a design freeze. The allocation of functions
is a flexible process that can be altered through the system’s life cycle.

* The method encourages designers to consider the detail of how and why
functions are allocated between system and operator and consult widely
on the matter rather than basing the allocation on intuition from a limited
source of experience.

Disadvantages

« The method is 