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Reducing error and influencing behaviour (HSG48) is the key document in
understanding HSE’s approach to human factors. It gives a simple introduction to

generic industry guidance on human factors, which it defines as:

"Human factors refer to environmental, organisational and job factors, and human
and individual characteristics, which influence behaviour at work in a way which

can affect health and safety”

This definition includes three interrelated aspects that must be considered: the

job, the individual and the organisation:

The job: including areas such as the nature of the task, workload, the working
environment, the design of displays and controls, and the role of procedures.
Tasks should be designed in accordance with ergonomic principles to take
account of both human limitations and strengths. This includes matching the job
to the physical and the mental strengths and limitations of people. Mental aspects

would include perceptual, attentional and decision making requirements.

The individual: including his/her competence, skills, personality, attitude, and risk

perception. Individual characteristics influence behaviour in complex ways. Some
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EWHETHA LA 48) 13, b a—~ 77 7 Z—=IIxd % 5% et
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characteristics such as personality are fixed; others such as skills and attitudes

may be changed or enhanced.

The organisation: including work patterns, the culture of the workplace,

resources, communications, leadership and so on. Such factors are often
overlooked during the design of jobs but have a significant influence on individual

and group behaviour.

In other words, human factors is concerned with what people are being asked to
do (the task and its characteristics), who is doing it (the individual and their
competence) and where they are working (the organisation and its attributes), all

of which are influenced by the wider societal concern, both local and national.

Human factors interventions will not be effective if they consider these aspects in
isolation. The scope of what we mean by human factors includes organisational
systems and is considerably broader than traditional views of human
factors/ergonomics. Human factors can, and should, be included within a good
safety management system and so can be examined in a similar way to any other

risk control system.
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Human Factors: The Business Benefits

If you think safety’s expensive, try having an accident ... Managing human

failures is essential to prevent major accidents, occupational accidents and ill

health, all of which can cost businesses money, reputation and potentially their

continued existence.

Successful businesses achieve high productivity and quality while ensuring

health and safety. Good technology combined with the best work systems can

help to achieve these goals. The best work systems are based on having a skilled

workforce, with well-designed jobs that are appropriate to individuals’ abilities.

The influence of biological, psychological and organisational factors on an
individual at work can affect their health and safety, but it also affects their

efficiency and productivity. For example, if:

Someone needs to exert a large proportion of their strength to complete a task

they are more likely to suffer injury and carry out the task inefficiently — possibly

causing damage to the product and tools; or
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The mental demands of a task are too high, perhaps involving diagnosing faults
under significant time pressures then there can be both a health issue for the
employee but also a quality, and possibly safety issue for the production line,

process and plant; or

Individuals have very limited scope for determining how to do their job then they

may lack motivation and job satisfaction and be less effective at work.

Individuals have a wide range of abilities and limitations. A Human Factors (or
Ergonomics) approach focuses on how to make the best use of these
capabilities: by designing jobs and equipment which are fit for people. This not
only improves their health and safety but often ensures a better managed, more

effective organisation.
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Job, equipment & environment focus

http://www.hse.gov.uk/humanfactors/jee.htm

Human factors

The way jobs are designed has a direct effect on the health & safety of

workers. People will usually try to adapt to poor job, equipment or environment
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design, but this can impact on their health & safety and the overall safety of the
work system (e.g. in safety critical or major hazard industries). The timing of
shifts, the length and frequency of breaks, the workload, the physical and mental
demands due to the design of the task, equipment and environment are all
important factors to consider and can affect both the individual and the integrity of

the whole work system.
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Human factors: Fatigue

http://www.hse.gov.uk/humanfactors/topics/fatigue.htm

Why is fatigue important?

More than 3.5 million people are employed as shift workers in the UK. They work
in a wide variety of industries including the emergency services, healthcare, the
utilities, transport, manufacturing (including oil, gas & chemical industries),
entertainment and retail. Poorly designed shift-working arrangements and long
working hours that do not balance the demands of work with time for rest and

recovery can result in fatigue, accidents, injuries and ill health.

Fatigue refers to the issues that arise from excessive working time or poorly

designed shift patterns. It is generally considered to be a decline in mental and/or
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physical performance that results from prolonged exertion, sleep loss and/or
disruption of the internal clock. It is also related to workload, in that workers are

more easily fatigued if their work is machine-paced, complex or monotonous.

Fatigue results in slower reactions, reduced ability to process information,
memory lapses, absent-mindedness, decreased awareness, lack of attention,
underestimation of risk, reduced coordination etc. Fatigue can lead to errors and
accidents, ill-health and injury, and reduced productivity. It is often a root cause
of major accidents e.g. Herald of Free Enterprise, Chernobyl, Texas City,

Clapham Junction, Challenger and Exxon Valdez.

Fatigue has also been implicated in 20% of accidents on major roads and is said

to cost the UK £115 - £240 million per year in terms of work accidents alone.

Key principles in fatigue

Fatigue needs to be managed, like any other hazard.

It is important not to underestimate the risks of fatigue. For example, the
incidence of accidents and injuries has been found to be higher on night shifts,

after a succession of shifts, when shifts are long and when there are inadequate
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breaks.

The legal duty is on employers to manage risks from fatigue, irrespective of any
individual’s willingness to work extra hours or preference for certain shift patterns
for social reasons. Compliance with the Working Time Regulations alone is

insufficient to manage the risks of fatigue.

Changes to working hours need to be risk assessed. The key considerations
should be the principles contained in HSE’s guidance. Risk assessment may

include the use of tools such as HSE’s ‘fatigue risk index’.

Employees should be consulted on working hours and shift patterns. However,
note that employees may prefer certain shift patterns that are unhealthy and

likely to cause fatigue.

Develop a policy that specifically addresses and sets limits on working hours,

overtime and shift-swapping, and which guards against fatigue.

Implement the policy and make arrangements to monitor and enforce it. This may

include developing a robust system of recording working hours, overtime,
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shift-swapping and on-call working.

Problems with overtime and shift-swapping may indicate inadequate resource

allocation and staffing levels.

There are many different shift work-schedules and each schedule has different
features. This sheer diversity of work and workplaces means that there is no
single optimal shift system that suits everyone. However, a planned and
systematic approach to assessing and managing the risks of shift work can
improve the health and safety of workers.

There are a number of key risk factors in shift schedule design, which must be
considered when assessing and managing the risks of shift work. These are the
workload, the work activity, shift timing and duration, direction of rotation and the
number and length of breaks during and between shifts. Other features of the
workplace environment such as the physical environment, management issues

and employee welfare can also contribute to the risks associated with shift work.

Sleep disturbances can lead to a ‘sleep debt’ and fatigue. Night workers are
particularly at risk of fatigue because their day sleep is often lighter, shorter and
more easily disturbed because of daytime noise and a natural reluctance to sleep

during daylight.
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More information on fatigue

Briefing note number 10 ™

Extract from inspectors human factors toolkit — Managing fatigue risks S

Contains questions for checking your management of fatigue.

Managing shift work: Health and Safety Guidance HSG 256

Aimed at employers, safety representatives, trade union officials, employees, regulators
and other stakeholders. This guidance explains employers' legal duties to assess risks
associated with shift work and aims to improve understanding of shift work and its impact

on health and safety. It includes good practice guidelines on how to reduce the risks and

practical advice on how employers, safety representatives and employees can reduce the

negative impact of shift work (see Hints and tips for shift-workers).

Reducing error and influencing behaviour (HSG48),

Contains a good summary of key fatigue issues

Improving maintenance — a quide to reducing human error

Pages 36-38 discuss shiftwork in relation to shift handovers

7R D 57 (BT 5 1
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fEHE., “eafRERFE. TEHEGOKRE., @, HillE KOO
FIERBRELZFZICLTWD, ZOHA X A%, ZHIEE &
EROWT= U 27 OFEFFEIZ OV T O & D ENES %2 5H

LTED ., 2L T, sRHIEH OB N ERRE & O 2%
HEORBERETLHILEEHNE LTS, (T2 85 57 18)

BDOTDDTHRMNY FORGEE] 2B izw,)

Reducing error and influencing behaviour (HSG48),
(SRR z D S, ROV ET D)
W57 DL T2 D EO B VIR & E e,

Improving maintenance — a quide to reducing human error

(RFEHOKE - a—~v T — 2RO IEDHA F)

13




The development of a fatigue / risk index for shiftworkers

This report describes the work carried out to revise and update the HSE Fatigue Index

(FI). Also included is an Excel spreadsheet calculator for assessing shift patterns.

Improving alertness through effective fatigue management =3

This document supplements HSE's recent guidance with information derived from

research, practical applications and case studies on alertness and fatigue.

Managing rail staff fatigue guidance (ORR) Lol

Although written for the rail industry, the principles contained in this guidance are

transferable to other safety critical industries.

Fundamentals of shiftwork scheduling

Gives detailed guidance on how to schedule shift work.

Guidance for managing shiftwork and fatigue offshore

The development of a fatigue / risk index for shiftworkers
(55 DI R/ BBV B DT DD Y X 7 DFFIE)
ZOHEFIT, HSE OEFTOEELZLE L., KOTERFDO b DICT HHIC
i S BIEREFER L TV 5,

Improving alertness through effective fatigue management =
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Fundamentals of shiftwork scheduling
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Guidance for managing shiftwork and fatigue offshore
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This information sheet provides advice on good practice approaches to shift working in
the offshore industry. While it is intended to be used in conjunction with HSE's generic
guidance on shift work this document provides specific advice relating to working

practices in the UK offshore sector

Policy on working hours offshore

This information sheet sets out some basic principles for setting a policy on

working hours offshore.

Effect of shift schedule on offshore shiftworkers' circadian rhythms and health

This research measured changes in circadian phase, sleep parameters, metabolic and
hormonal markers of cardiovascular disease during different offshore shift schedules. It
provides advice as to the most appropriate schedules to operate and strategies for

improving tolerance to shiftwork schedules.
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Human factors: Design

http://www.hse.gov.uk/humanfactors/topics/design.htm

This Key Topic contains links to four issues:

control rooms;

Human Computer Interfaces (HCI);

alarm management; and

lighting, thermal comfort, noise and vibration.

Why is design important?

The design of control rooms, plant and equipment can have a large impact on
human performance. Designing tasks, equipment and work stations to suit the
user can reduce human error, accidents and ill-health. Failure to observe
ergonomic principles can have serious consequences for individuals and for the

whole organisation. Effective use of ergonomics will make work safer, healthier

NGNS E A i

BRI TVWDLI T =TI A MI EMDLBY,)

oL DEEIT, 4 DORMEEERONTND,

control rooms; (HllfHI=)

Human Computer Interfaces (HCI); (A—a2 o Ba— X —A L Z—T = A R

(HCL)

alarm management; (Z#HE ) and (L)

lighting, thermal comfort, noise and vibration. (FERA . ZWAGPEE X, BRE & OR

)
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and more productive.

The earlier that consideration is given to human factors and ergonomics in the
design process, the better the results are likely to be. However, it’s important to
use human factors and ergonomics expertise appropriately by involving people
with knowledge of the working processes involved and the end user. For that
reason, user involvement is key to designing operable and maintainable plant

and systems.

Poor design contributes to work-related ill-health and has been found to be a root
cause of accidents including major accidents e.g. Texas City, Herald of Free

Enterprise and Ladbroke Grove.

The application of human factors to the design and development of systems and
services is often called Human Factors Engineering or Human Factors
Integration. Note that this approach has been developed in relation to large
projects e.g. for defence, rail and similar applications, and that a wider view of

human factors may need to be taken for more conventional design.

bbby ZenTE D, ANHATFEOMRNRMEML, 1EXEZ LV LT,
fERERIIC, £ L TAEREZ LV D D,
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Key principles in design
Equipment should be designed in accordance with key ergonomics standards

including EN614 Parts 1 and 2.

Control rooms should be designed in accordance with key ergonomics standards

including EN11064, EEMUA 191 and EEMUA 201.

Users should be involved in the design process. This should include different
types of users including operatives, maintenance and systems support

personnel.

Consideration should be given to operator characteristics including body size,

strength and mental capability.

Plant and processes should be designed for operability and maintainability and

other elements of the life cycle should not be neglected e.g. decommissioning.

Consideration should be given to all foreseeable operating conditions including

REHC I BB 72 D IRA

AL, BRINEE (EN) 14 O 1 8L OH 2 Mz Gt NE Lroft s 72

HIEMEICH A L TR SRR T NIE R b0,
ki e MM A (EN)1106, Engineering Equipment and
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DVEKE 191 KOV 201 125 A L T SN2 T i 6 7e0,

i & 1% XTI SR, T2 LT, BIEE.
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upsets and emergencies.

Consideration should be given to the interface between the end user

and the system.

More information on design

Reducing error and influencing behaviour (HSG48)

Pages 20-26 contain a good summary of key design issues.

Improving maintenance — a quide to reducing human error

Pages 46-47 discuss designing plant and equipment for maintenance.

Human factors integration: Implementation in the onshore and offshore industries

Gives an overview of best practice on how to build human factors into design.

Ergonomic principles in the design of work systems =

Available from BSI Standards. A work system is defined as 'a combination of
people and equipment, within a given space and environment, and the

interactions between these components with a work organisation' (p10).

T IE e 5720,

EZEIT., RROFEHZF R R AT LEDA, v E—T A4 XZH 2 500)
L7 5720,

REHZET 5 S 62 5 FH

Reducing error and influencing behaviour (HSG48)

(EKZPS L, BBARICEE TS (HSG A & A 48)
20~26 X— Uk, HLE LR OMEOENT-ENE S A TND,

Improving maintenance — a quide to reducing human error
(RAFAB O S HE— AR Z D SHD 04 F), 46~47 ~—JF,

SFERLOTZOD T T v b R ORIEOREER L TV D,

Human factors integration: Implementation in the onshore and offshore industries

La—vr 7772 —0fE kLA EOERIZBIT D RE

Ergonomic principles in the design of work systems &=

(B2 AT A OFFHTB T 5 AWM T2MIE)

BSI Standards ([EHKHE) ORI AHE, EE AT LT, TH5X
SN ZER R OBRE ORI TON EBIFEOMATDER OIS DEFR L
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Ergonomic design of control centres, o=,

Parts 1-7, 1ISO 11064. Available from BSI Standards. Covers design principles,

control room arrangements and layout, workstations, displays, controls,

interactions, temperature, lighting, acoustics, ventilation, and evaluation.
Designers should be following this standard for new control rooms, and it can
usefully be referred to for upgrades and modifications to existing ones especially
where there are known problems.

Process plant control desks utilizing human-computer interface:
a guide to design, operational and human interface issues. Engineering
Equipment & Materials Users Association (EEMUA) Publication 201: 2002

available via EEMUA on 020 7628 7878 or email: sales@eemua.co.uk. A clear

and practical guide for sites moving to DCS control and centralised control

rooms.

Alarm systems, a guide to design, management and procurement, Engineering

Equipment & Materials Users Association Publication No 191 m

TEZEMREE OMBEIER) (10%—2) LLTERINTWVD,

Ergonomic design of control centres, £,
(HIHE & > & — D N[ TPk Eh)
ISO11064 % 1~7 #3, BSI Standards (EEMBMKE ) 2R HFHE, RO B

DZH/N—LTW5DH,
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RAEE - T &
OWFBHE 3 ) i 201 : 2002, (#7%) 020 7628 7878 X e-mail:
sales@eemua.co.uk 7> HFIHATRE, BHIHS AT & (SASAENE &

Equipment and Materials Users Association (EEMUA :

VAT I, BiiE: distributed control system. BEFR : DCS) K O Sl 4 o>
FIH=ZIZBITT 2B OO OB CEREEN 2 T A R,

Alarm systems, a quide to design, management and procurement,
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Identifying and eliminating ergonomic risks offshore: A resource pack

The purpose of this resource pack is to provide an introduction to ergonomics for
people who work offshore. It sets out to raise your awareness of some of the
ergonomic problems in the offshore workplace; to explain the causes of
ergonomic related accidents and injuries, and to provide some practical
information to help reduce the risks. Includes PowerPoint presentations and

checklists on a range of issues.

Human-System Interface Design Review Guidelines (NUREG 0700) =

The United States Nuclear Regulator (Nuclear Regulatory Commission) has
developed a detailed technical guide to human-system interface design. This is a

very detailed document and can be applied to all industry sectors.

Engineering Equipment & Materials Users Association Publication No 191

=

(v AT A it BEELOEE OO DA K, Engineering
Equipment and Materials Users Association (EEMUA : R¥EE : L5754

e OWPRHE I <) i 191

W)

Identifying and eliminating ergonomic risks offshore: A resource pack

(Lo N TFH Y 27 #REL, ROBRET S, HKRDONy 7)
ZOHKRDO/Ny 7 OHE, WEETHEH AL D7D D NHLFDOHEANEZ R
52L& THDH, THIE. ELEOEEHIZB T 50 D00 ANHLFH
MO Z o, FH M OMEEICEE S 5 AM LFER R R 230 L
ZOVRTHWHLESEDL L BT DDV OO EERHRIE®RE 5
ZHZEThH%,

Human-System Interface Design Review Guidelines (NUREG 0700) r3

(NETV AT DA H—T oA ARBELITA K74 (NUREG 0700))
AREFRFHHEBEERIT, NEVATLADA LV Z—T = A ZADOHRF D
MR BATHIT A BT A 2B LIz, Zhud, EFICFEMARLET, +
TOEENFICHEAFRETH D,
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Human factors: Alarm management

http://www.hse.gov.uk/humanfactors/topics/alarm-management.htm

tLa—~ 77— E

BRI TVWDLI T =TI A MI EMDLBY,)

%3
4t
<
I3
s
i

Why is alarm management an issue?

Optimising alarm system design is important to facilitate accurate and timely fault
prompting and diagnosis to operators, and hence more effective plant
management. There is a great deal of evidence relating to the role of poorly
design alarm systems in major incidents, for example the staff at Milford Haven
Refinery were faced with a barrage of alarms for five hours preceding the

incident.

Key principles of alarm management

Alarms should direct the operator’s attention towards plant conditions requiring

timely assessment or action;

Alarms should alert, inform and guide required operator action;
Every alarm should be useful and relevant to the operator, and have a defined

response;

(AT A L, BREZR D)2

BWM AT LORBEALOBREHEI, KMz BN ORI 2 R L7V TR L
T D B AREICT AT, BERICLE T, ELTERW A, &
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WROHHNTNWD T T bOIREBIZINT 5 H DO TRIFIULR G720,
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Alarm levels should be set such that the operators have sufficient time to carry

BRMOKET, 2077 FOREN BN FINHET AN, BIEE R ED
out their defined response before the plant condition escalates;

NS T BT DD+ AR CO Lo ITREINRIT I
The alarm system to accommodate human capabilities and limitations; BN,

More information on alarm management S B HERE B OF

Briefing note no 9 - alarm handling [94KB] T

Briefing note no 9 - alarm handling [94KB] tn
(HERES 9 & —

=

B O FNN)

Extract from inspectors human factors toolkit [43KB] T[2] Extract from inspectors human factors toolkit [43KB] &5

(BEBED a—< v 77 7 2 —DEEY Y M2 H D)

Better alarm handling [26KB] ™HSE information sheet

Better alarm handling [26KB] IHSE information sheet

The explosion and fires at the Texaco Refinery, Milford Haven, 24 July 1994: A (L) BB OFRIE) HSE OfE s — k
report of the investigation by the Health and Safety Executive. Background

reading on alarm handling - key incident report.

1994 TH 24 BDINT 4 — RAT N2 H DT W a Sl AT O fE 3 « k5K,

HSE AT HUE T, BB IS BT 5 A — R F 4

Alarm systems, a guide to design, management and procurement, Engineering

Equipment & Materials Users Association Publication No 191 &= ISBN 0 85931

Alarm systems, a guide to design, management and procurement, Engineering
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076 0. Available from EEMUA (Tel. 020 7628 7878/ Fax 020 7628 7862).

The management of alarm systems [1.66MB] =, Contract research report

166/1998

Human factors aspects of remote operation in process plants. Contract research

report 432/2002. Useful guidance on the often-unconsidered risks of centralising
control (e.g. to a central control room) - e.g. communications often suffer and

operators can lose their previous (hands-on) overview of the real plant.

Human-System Interface Design Review Guidelines (NUREG 0700) &=

The United States Nuclear Regulator (Nuclear Regulatory Commission) has
developed a detailed technical guide to human-system interface design, which

includes information on alarm system design. This is a very detailed document

Equipment & Materials Users Association Publication No 191 &=

(B AT o, Fit, EHEXOEE OO D A R, Engineering

Equipment and Materials Users Association (EEMUA : R¥E 1 : T245%fi
B OBA Mt 28 i 22) ki 191, ISBN 0 85931 076 0. EEMUA (Tel. 020

7628 7878/ Fax 020 7628 7862) 7> H Fl f AlHE,

The management of alarm systems [1.66MB] E, Contract research report

166/1998 (B AT LDEE, EEM LR L 166/1998)

Human factors aspects of remote operation in process plants.

(FrER 77 hOEREIEC
ZEREEgE 7 1M 432/2002.

e (B 2 E R R HEE) O LIELIEBE IS TV 271
DEMIRIA L A= 21X,
kD FENERAEIC

W BT
LI LI E S v, #1EE 2
BIAEBEOTT L FOREGBELR) Z bbb,

uu_‘{E

Human-System Interface Design Review Guidelines (NUREG 0700) =
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and can be applied to all industry sectors.

HIEMEBGLNE VAT LADAL B —T A4 ZADHFF O OZEM 72 i il
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The Management of Alarm Systems, Contact Research Report 166/1998. [1.7MB] &

A review of current practice in the procurement, design and management of

alarm systems in the chemical and power industries

The Management of Alarm Systems, Contact Research Report 166/1998.
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Human factors: Interfaces

http://www.hse.gov.uk/humanfactors/topics/hci.htm

Human-system interactions have frequently been identified as major contributors to poor

operator performance.

More information on interfaces

Process plant control desks utilising human-computer interface: a guide to design,

operational and human interface issues. £ Engineering Equipment & Materials Users

Association (EEMUA) Publication 201: 2002 available via EEMUA on 020 7628 7878 or

sales@eemua.co.uk
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Process plant control desks utilising human-computer interface: a guide to

design,operational and human interface issues. &2 (A& A B2 —F—0D A
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ISO 11064 r=, Parts 1-7. Covers design principles, control room arrangements and
layout, workstations, displays, controls, interactions, temperature, lighting, acoustics,
ventilation, and evaluation. Designers should be following this standard for new control
rooms, and it can usefully be referred to for upgrades and modifications to existing ones

especially where there are known problems.

Human-system interface design review guidelines, NUREG-0700, U.S. Nuclear

Regulatory Commission [4MB] r=This large, detailed document addresses the

physical and functional characteristics of human-system interfaces.

R EHEAL, HEE ORI L LA T T b AEEA
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Human-system interface design review guidelines, NUREG-0700, U.S. Nuclear

Regulatory Commission [AMB] (AN & S AT ADA 7 —T = A AR HE

i’ A4 K24 > NUREG-0700.US.Nuclear Regulatory Commission(#%&
=] - 7 Bk B 23)
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Human factors: Procedures

http://www.hse.gov.uk/humanfactors/topics/procedures.htm

Why is good procedure design important?

Procedures, including method statements, work instructions, permits to work etc,
are agreed safe ways of doing things. They usually consist of instructions and

related information needed to help carry out tasks safely. Procedures may

ta—~<wr 7727 %—: FA

ERIhhTnWbd 7Y A ME, EMOEBY,)

(PP R 72 5T O FNEN EE 2R D ?

FROBFRNE, (IR, EEFTEL G LTI, W ETT 55
DEERFETHLZLEDPHFEDOLN TS, Zbid, @, (tFELZS
Lo LT B0 Ic B & SN B IRR KB 2 R ClmShs, T

26




include step-by-step instructions, checklists, decision aids, diagrams, flow-charts

and other types of job aids.

Problems with procedures are linked to numerous incidents and frequently cited
as one of the causes of major accidents. The inadequate management of
procedures have not only contributed to disasters such as Bhopal, Piper Alpha
and Clapham Junction, but also to fatalities, personal injuries and ill health. The
main causes are too much reliance placed on procedures to control risk, a failure

to follow safe working procedures or the use of inadequate procedures.

Operating procedures may not be the best way of controlling hazards, at least not

as the sole defence against human error.
Key principles in procedure design

Risk assessment should clearly establish if procedures are an appropriate control
measure. The results of the risk assessment should inform development of the

procedure.

Consider the links between procedures and competency — they are two sides of the same
coin and should support each other e.g. on-the-job competency would include training on

key procedures. Procedures do not replace competency.
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Have a system for managing procedures — outlining e.g. how to decide which tasks need
procedures, how these are developed, complied with and reviewed/updated. Use task
analysis methods to inform the content of procedures e.g. walking and talking through the

task with users.

Use a format, style and level of detail appropriate to the user, task and
consequences of failure. Fit for purpose - one size does not fit all. Support
compliance with procedures through user involvement and by designing the task,

job, environment, equipment, etc.

More information on procedures

Briefing note no. 4 - Procedures ps

Includes case studies and a self-assessment checklist for your workplace.

Extract from inspectors human factors toolkit - Reliability and usability of procedures 4]

Useful for checking your own use of procedures.

Reducing error and influencing behaviour (pp.26-31)

These pages contain useful information on layout, formatting and style of

procedures. They also discuss safety warnings.
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Briefing note no. 4 - Procedures S

(R T 5 4 75)

Extract from inspectors human factors toolkit - Reliability and usability of

procedures =
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Reducing error and influencing behaviour (pp.26-31)
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Information sheet on revitalising procedures &

Provides guidance for employers on how to develop procedures that are
appropriate, fit-for-purpose, accurate, 'owned' by the workforce and, most of all,

useful.

Procedures audit tool %

Style, layout and language are important elements of usability. This
tool summarises recognised good practice and can be used by employers to
actively review and audit these aspects of their own procedures (as part of a

wider framework for developing and managing procedures).

Improving compliance with safety procedures: reducing industrial violations ™

This guidance outlines practical strategies for reducing the potential for industrial
violations. It shows managers how to identify violations by selecting rule sets that
have the greatest risk for safety if they are not followed. Management can
develop detailed action plans to suit their specific problems on the basis of

suggestions offered in the report.

Information sheet on revitalising procedures ™
(FIEDOFIEMELICEE T 2 H S — 1)

EHE OO, WYT, BICEA L TWD, BT, 5@E 0TI
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Procedures audit tool
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Improving compliance with safety procedures: reducing industrial violations
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Improving maintenance — a quide to reducing human error

Inspection Guide: Instructions to Persons on Site =

This guidance provides a framework to guide inspection activities carried out by

HM Nuclear Inspectors.

Nuclear Directorate - Technical Inspection Guide: Operating Instructions L

This guidance provides a framework to guide inspection activities carried out by

HM Nuclear Inspectors.

Improving maintenance — a quide to reducing human error

(RSFEHOUE - 2 —~ T —% b SE D41 K)

Inspection Guide: Instructions to Persons on Site T
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Nuclear Directorate - Technical Inspection Guide: Operating Instructions
pit=
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ORIt 2 HSE: Reducing error and influencing behaviour HSG48 ® 45 Dk FE D FE R SC— H ARFBEER

(fR#& 7 : Z ®Reducing error and influencing behaviour HSG48(% .
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Introduction 4 | HBEA
Chapter 1 What are ‘human factors™? 5 |H1E [ba—<r 7y 2F—] LiXfmne?
Why should I be interested in human factors issues at work? 6 IR, B a—~ 2 77 7 X —CHBKRE R 2T TR 620072
How do I know if these problems exist in my organisation? INHOMEN, BROMBOPITHFET 22 01F, BiX, Thoxr oo T
6 HALD D> ?
Isn’t it just about people ‘taking more care’? TN, A IZ T bEEREL] 0O ZEETTIERVON?

This seems to be a very broad topic area, where should I start? 7

Isn’t this going to be costly? 7
Should I seek the views of the workforce and their
representatives? 8
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Introduction BqA

This guidance is aimed at managers with health and safety
responsibilities, health and safety professionals and employee
safety representatives.

The message is that proper consideration of ‘human factors’ is a
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key ingredient of effective health and safety management. Human
factors is a broad field and organisations may have viewed it in
the past as being too complex or difficult to do anything about.
This guidance aims to overcome such fears by providing practical

help on how to tackle some of the important issues.

The guidance:

B explains how human error and behaviour can impact on
health and safety;

B shows how human behaviour and other factors in the
workplace can affect the physical and mental health of
workers;

B provides practical ideas on what you can do to identify, assess
and control risks arising from the human factor; and

illustrative studies to show how other

B includes case

organisations have tackled different human problems at work.

The format of the publication is as follows:

Chapter 1 provides an introduction to human factors. Chapter 2

looks at types of human failures, their causes and ways of
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reducing them. Chapter 3 considers how to improve health and
safety at work through better design of tasks, equipment,

procedures and warnings. Chapter 4 looks at some key
operational issues: shiftwork and fatigue, shift communication,
risk perception and behaviour, and health and safety culture.
Chapter 5 provides some hints on how to get started. Chapter 6
presents a series of case studies which illustrate practical
cost-effective solutions to real human factors problems. Tables
enable you to read only those cases which are most relevant to
your organisation and problem area. Some of the approaches
shown in this guidance represent ‘good practice’ rather than what

is strictly required by legislation.

The guidance cannot cover every aspect of human factors. It
introduces some key influences on peoples’ behaviour and work
performance which need to be included in a health and safety
management system. References are given including references to
general books on human factors. A list of relevant professional

societies and a glossary of terms is also provided.

This publication is a revision of guidance originally published in
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1989 Human factors in industrial safety. This major revision
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assessments which take account of these issues.
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(FREE1: Z DT A X A2 5 Figure 3 Patterns of causes and effects of stress. Adapted from Loss Prevention Council (1998) (
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(FREVE : ZDHA X2 22F1F % Table 4 Managing human factors improvements(£ 4 bt a—<2 77 7 Z—DOREEH, ZOHA X ZAD 45 ~—

D) BRI T D, 2L AERE~OFFUL. 1To T, )

Table 4 Managing human
factors improvements

——>» Plan —>» Do ——>» Check —— Act —_—

Plan m identify key problem areas or issues for human factors in your workplace (talk to staff and their
representatives, look at accident and near miss reports, look at risk assessments);

prioritise these issues;

allocate resources;

identify expertise;

develop possible solutions or action plans (consider people, their tasks, the work environment and
organisational attributes); and

encourage staff and other people with a stake in the changes to participate in planning and
solution development.

raise awareness of the issues and gain acceptance for the changes;

implement solutions;

involve staff and their representatives; and

communicate about the actions and successes.

evaluate the effectiveness of actions by asking for the opinions of staff and their representatives;
check relevant data sources; and

observe relevant activities.

if the situation is not satisfactory then identify possible reasons;

identify alternative steps; and

encourage participation to solve the situation.

Do

Check

Act

EEEREEEEREERER
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http://www.hse.gov.uk/humanfactors/topics/types.pdf

Human Failure Types

Inadvertent
[ e ]

[ Action Error Thinking Error ]

s e ) [ ] (e
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Error

ActionErrors

slip
(Commissian}

Human Failure Types

A.sl'rq:ie frequently-performed physical scton goes wrong:
flash headiights instead of operating windscreen washfwipe function

mowve 3 switch up rather than down [wrong action on right chject)
transpose digits during data input into & process control inierface

5

memory lapse; omit to perform a required action:
forget bo indicate at a nead junction
medical impiement left in patient after surgery
miss crucial step, or loss place, in a safety-critical procedure
% drive road tanker off before delivery complete (hoss still connected)

human-cenired design (consistency e.g. up
ahways means off, intuitive layout of controls
and instrumentation; level of sutomation etc. )
'‘place markers' (tick off 2ach step) :
independent cross-check of critical tasks (FTW)
removal of distractions and interTupficns
sufficient time available to complete task
wamings and alarms to help detect errors.
often made by experienced, highly-trained, wel-

T T behaviour is based on remembearad nies.
mis-application

procedures. misiake
oocurs dus o mnwamhu app&:ﬂm of a bad rule:

i mmmhmmmm
. mmmﬂmuﬂuﬁmwhxﬁgm

. iﬁmmnm&mmm&mm

“Individual has no rules or routines available to handie an unusual

situation: resarts to first principles and experience to solve problem:

®  rely on out-of-dste map 1o plan unfamiiiar route

L nmihumr;m mmmwmﬂam
{ﬂnhh:t of experience or insufficiznt | mmm}
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Introduction EL N

Human error is often cited as a cause of accidents, when all other factors
have been eliminated. This does not mean that human error cannot be
investigated by scientific principles. In fact, today, there is considerable
interest in researching human error 1. The aim of this article is to describe
human errors and their relationships with occupational accidents.
Definition of human error

The aim of this chapter is to define what is considered as “human error”.
Another, the aim is to compare the traditional and modern views of human
error.

It is very difficult to provide a satisfactory definition of human errors 2! as
they are often a result of a complicated sequence of events and therefore an
elusive phenomenon to analyse. However, Reason Bl has defined “human
error” in the following way: “Error will be taken as a generic term to
encompass all those occasions in which a planned sequence of mental or
physical activities fails to achieve its intended outcome, and when these

failures cannot be attributed to the intervention of some chance agency.”
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On the other hand, it has been said that to err (i.e. to make mistakes) is
human. Human error is an element that cannot be totally eliminated, but if
the typical errors are identified, most of them can also be prevented.
According to the traditional viewpoint, human error is a cause of failure and
accident. According to a new philosophical approach, human error is a
symptom of failure, which reflects the deeper problems existing in a system.
Examining human error provides information to delve beneath the
simplistic label of 'human error'. Human error is an attribution after the
fact, and it is systematically related to people, tools, tasks, and operating
environmentl4l, [5],

Although there is no unanimous definition of human error, the general
thinking has changed from attributing guilt to an individual towards a
much more broad contextual approach.

One classification of human error regards them as 'Action errors' (action not
as planned), which can be further categorised as 'slips' or 'lapses'; or as
'thinking errors' (action as planned) - classified as 'mistakes'.[6l The
inadvertent nature of such errors sets them apart from deliberate actions

(known as 'violations') where an individual wilfully and knowingly adopts

an incorrect course of action.

Identification of human error
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The aim of this chapter is to describe how to identify human error. First, the
"Swiss Cheese" model will be presented. Subsequently different methods

which can be used to identify the causes for human errors will be examined.

Accidents are rare

In the well-known "Swiss cheese" model, Reason 38l suggested that there are
several intrinsic defences and a typical conditions preventing accidents. In
an ideal world, each defensive layer would be intact. In reality, however,
they are more like slices of Swiss cheese, having many holes. These holes
are continually opening, closing, and shifting their location. An accident
happens when the holes in many layers momentarily line up to permit a
trajectory of accident opportunityl”. The main message of the "Swiss cheese"
model is that the chance of danger factors finding all in the holes lined up in
all of the defences at any one time is very small and that is why accidents

are rather rare.

Human factor

In a Swedish study, ten professional accident investigators were
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interviewed. They listed eight different meanings for human factors and
concluded that there is no such thing as a professional definition of the
human factor. The study concluded that the meanings of human factor 1)
always evolve in the dynamic process of producing and understanding
language, 2) are context-dependent, and 3) emerge though talk, as one type
of discourse [8l. The same comments are related also to the concept of human

error.

Cognitive failures

The aim of the Cognitive Failures Questionnaire (CFQ) is to measure
self-reported failures in perception, memory, and motor function . The
scale was presented to 240 electrical workers in the United States Army.
The CFQ predicted both car accidents and work accidents. When the
foremen were asked to assess the workplace safety performance of 158
workers, the assessments of foremen and employees corresponded very well
to each others’ (r = .79)110,

Based on the Cognitive Failure Questionnaire, Wallace and Chen [
developed the Workplace Cognitive Failure Scale with 22 items like "Cannot
remember whether or not you have turned off work equipment?" Using this

scale, the researchers showed that general cognitive failure predicted
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unsafe behaviours and micro-accidents of American workers. Later with a
smaller sample the same scale predicted supervisor safety ratings, injuries
and missed work days.

The process of cognitive failure were also studied in British consumers.
Typically shoppers forgot to buy an item, and this is why they had to return
to the shop again. The second most common mistake among the consumers
was to forget the shopping list at home. Older consumers reported fewer
errors than their younger counterparts [12l — Age perhaps conferring
experience on how to handle shopping and devising practical methods to
avoid past mistakes.

These same researchers 138l also examined the tips-of-tongue phenomenon
by analysing diaries, which volunteers kept for four weeks. The volunteers
wrote down 75 tips of tongue experiences, which was an average of 2.5 tips
per diarist. There were no gender differences in experiencing
tips-of-the-tongue state. The object of the tip-of-the-tongue was a familiar
person for the speaker in one out of three cases.

These studies revealed different methods to measure cognitive failures even
for everyday situations. They also indicated that cognitive failures and

processes were related to injuries and human errors.

Factors leading to human errors
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The aim of this chapter is to examine factors that have an effect on human
errors. The analysis is based on Rasmussen's [2] SRK (Skill — Rule —
Knowledge) model:

Skill-based behaviour represents sensorimotor performance automatically
without conscious control. Work performance is based on subroutines which
are subject to higher level control.

Rule-based behaviour happens in a familiar work situation, where a
consciously controlled stored rule is applied. Performance is goal-oriented,

but structured by feed-forward control through a stored rule.

Knowledge-based behaviour happens in unfamiliar situations, where a goal
is explicitly formulated, based on an analysis of the environment and the
overall aims of the person. The means must be found and selected according
to the requirements of the situation.

In a study of British drivers, errors were defined as the failure of planned
actions to achieve their intended consequences. Women drivers were more
prone to harmless lapses, whereas male drivers reported more violations.
The number of violations declined with age, but the number of errors did not

decreasell4l,
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In the Serbian electric power company, human errors were analyzed by
Absolute Probability Judgement. This is based on the assumption that
people can directly assess their likelihood in the case of human error.
Human errors with the highest probability of happening were failure to use
prescribed tools and absence of job authorizationl18l, In the analysis of 500
reported pipe work incidents at a British chemical plant, 41% of immediate
causes of incidents were of human origin and 31% were operating errors!(i6l,
Hospitals are another work environment, where human errors can have
fatal consequences. In the cardiology ward of a Japanese hospital 181
accidental and incidental events were reported during a six month period. A
total of 40 of the reported events were classified as skill-based errors, 52 as
rule-based errors, and seven incidents were designated as knowledge-based
errors. A total of 12 errors were life threateningll?l, Adverse drug events
accounted for about 25% of human errors in hospitalsli8l, Most of accidents
were human errors made by the doctors and nurses, in fact only 3-5% of
errors were due to equipmenti9l,

Air traffic is one of the safety-critical industries, where the effect of human
error has to be examined thoroughly. The majority of the commercial
aviation accidents in the United States were due to the pilot error, of which
over half were skill-based errors, over one third were decision errors, under

one in every ten perceptual errors with final group being violations of
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regulations(20l,

Aircraft mechanics in Australia reported 666 human errors. They spent 65%
of their working time correcting skill-based errors, 32% were rule-based
errors, and 3% as knowledge-based errors. Based on incident reports,
researchers2ll assessed that the reporting skill-based errors was more
reliable than reporting rule- and knowledge-based errors. Subsequently,
theyl22l examined a larger data set and revealed that only skill-based errors
were related to occupational accidents. In addition, they!23l reported that
memory lapses, rule violations and knowledge-based mistakes were the
most commonly identified human errors made by aircraft mechanics.
Skill-based errors were the most common unsafe act encountered in
Australian mines. Inadvertent or missed operations were the most general
types of skill-based errors. These errors were typically the result of a
breakdown in visual monitoring or the inadvertent activation of a control(24l,
Rasmussen's SRK model can help to identify the reasons for human error in

a more detailed way compared to traditional general "human error" concept.

Organizational factors behind human error

In a Japanese train company, drivers who made errors were required to
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participate in a mandatory training class. In order to avoid this “penalty” —
a loss of face - the drivers did not report any mistakes. This practice led to
over 100 fatalities in commuter train accidents!25l, Thus, this organizational
measure to criminalize drivers who had made a human error (by forcing
them to participate to a training class) resulted in even more fatalities.

A similar effect is to be expected in relation to the Zero Accidents Vision
displayed by some employers. If the will to prevent any accident is
commendable, excessive pressures, conscious or not, can induce the
employees and/or middle management not to report certain accidents to
avoid direct or indirect sanctions. This can lead to not treat the causes of
accidents that can later result in more serious effects.

The REVIEW method consisted of 16 measures of organizational health
such as staff attitudes, departmental communication and trainingl26l, For
example, carelessness and inadequate training can increase the risk of
human error. The method helped identify latent failures made by top
management and line management has done leading to human error and
accidents. This checklist was sent to Australian train drivers. Three
problem factors were found: staff attitude, maintenance and operating

equipment[27],

To summarize, there are some organizational factors which can influence

employees’ behaviour so that they will make errors. Penalizing “human

ZerERkasNnz, Zo TEA —mB—%2#T 5702, BEEIL, W
LR HRE Ligrole, ZOFEKT, @EFHEEE T 100 AL EOET
FIE W, (BB 25), ZOXIIC, b a—~vr =T —2M LICEERE
ZRCET D G 7 7 A~OSMZ T2 2 &12 k- T) Mk e 311X,
IV EZLDOEEDORIN Lo T,

FU LD 72EEL HOEMOBEMAEICL > TRRSNZE o EMEG IR E
LTTPHEIND, bLb, WhRDLIFERHEIT2EENHERIND 22513,

WRIOE N, BT 20 L0t hrrb b3, F#E OXh e EE I,
B UL B 72 AL BT 2B B 72 DIs, H OO FEZRE LRV XL DI
FHEOLENTED, ZOZ LT, BICR-TRVERREELFERELTYH
EHT I ENTELFHDOIRNZLE TSN LITEL,

OO IEL, BE OO A FBPRE o EB0E K 0TI O X5 ek
ORI ZHD 16 DWAEL TR SN TND, (B3FICHK 26), Bl 21X,

REBERORFSRIIL. ta—~vr 2T —DU X7 ZHMSEDH 2 LR
T&5, ZOHFEX, BREDO My TRONT A VEREIZ L DB R KN Z
RIETHZEx2BIT, ZOFzy 27 URANMNI, A=A N7 U7 OFHEES
Bk s, ZooMERFAERESNT  EEREOLEZ, RTEHEKL
VEAERIE CTh 5., (B5 UMK 27),

VT L, BB ORDBENCHETH LN TE, TOMBEFIIEE
ZRTTHS I WL OO R ERN DR H D, b 2—~xT—| & 40LH

56




error” usually leads to hiding or denying that mistakes ever happened.

Human error and accidents

In everyday life, it is generally believed that human errors can cause
injuries. This is confirmed by empirical studies.

It is generally accepted that 80-90% of accidents are due to human error/28l,
For example, approximately 70% of aircraft accidents have been attributed
to human error(29, In a Finnish study, human errors were involved in 84% of

serious accidents and in 94% of fatal accidents[39l.

In the fatal occupational accidents which occurred in Australia, two out of
three were due to skill-based errors, one fifth to rule-based errors and the
other fifth to knowledge-based errors. Equipment work practices were

relatively clearly related to rule-based errors, personal protective

equipment to skill-based errors, and management unsafe procedures to
knowledge-based errorsi8ll, In fatal accidents on British construction sites,
skill-based errors and knowledge-based errors both caused nine fatalities,
whereas only three fatalities were due to rule-based errors!32l,

In a recent Mexican study!33l the safety experts documented 70 human

factors causing hand injuries. These factors were classified as personal
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factors, human error, unsafe conditions, and organizational factors,
respectively. The most frequent types classified as human error were
improper handling of heavy objects, attempts to save time in conducting
their operation, and the operator did not respect rules and procedures
safety. That study did not contribute significantly to knowledge of human
error, but it did highlight the current interest about "human error".

It is usually thought that errors are invariably negative, always to be
avoided. The opposite approach is to conduct training that allows for the
errors. When German typists were being taught to use computers, the
subjects in the error-allowing-training group wrote fewer words and spent
more time in correcting them than the subjects 1in the
error-avoidance-training programme. However, the typists in the error

allowing group dealt with a difficult task better than the control groupl34l,

These studies reveal that human error makes a significant contribution to

occupational injuries. Thus prevention of human error is also one way to

prevent occupational injuries.

Prevention of human error

In the prevention of human errors only a few practical, everyday means
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available for individual workers have been studied: 1) Drinking coffee helps
to maintain vigilance, and 2)stress can increase the probability of errors,

and thus reducing stress is another way to prevent accidents.

Staying focused

A Cochrane systematic review based on 17 studies showed that intake of
caffeine could prevent human errors. Caffeine improves concept formation
and reasoning, memory, orientation and attention and perception. Drinking
coffee after a nap decreased significantly human errors among shift
workers35l, On the other hand, the best reduction of human errors was
achieved, when accident information was provided in such a way (for
example Rasmussen’s [2l SRK model) that it corresponded employees' way of

thinking(36l,

Avoiding stress

A study with British Royal Navy personnel showed that highly stressed
employees were more likely to suffer an accident in the workplace because
they had a propensity to suffer cognitive failures[37.. Since stress is a major

source of human error, then reducing stress is one way to reduce human
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errors. Hurried working increases stress and accidents. Thus if one can slow

down haste in the workplace this will be one way to reduce human errors.

Conclusion

Human error in the workplace is a common phenomenon, it can cause
disturbances and accidents at work. Although there is no guaranteed
method to prevent human errors, avoiding stress, and remaining focused by
drinking coffee are the most often used, practical, everyday methods
available to all.

As defined in the beginning, human errors are typically results of long
chains of events, and preventing human error in workplaces requires
different types of preventive actions: skills and safety awareness at the
individual level about the risk factors of human errors, safety awareness
and leadership provided by organizations (managers and supervisors
recognizing the risk factors for human errors), and appropriate technical
resources (safe design; solutions not requiring active human engagement
such as handrails, light curtains etc.) - both being available in the markets
(produced) and reasonable priced so that companies are able to afford the

investment[38l,
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