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Summary

The aim of this thesis was to develop and validate an elgeicidicator of fatigue for
frontline safety critical workersThis thesis was carried out in partnership with Arriva
Trains Wales (ATW). The rationale for developing aeralative objective indicator of
fatigue stems from the fact that the current biomathealatnodel of fatigue used at
ATWwas IRXQG WR EH DQ LQHIIHFWLYHIJSKHHCHFWRY RQ WG
observations from inside the cabin identified that noesvironmental temperature,
incomplete train improvements, and cabin working conastimere also major issues that
could contribute towards safety incidents when fatigued. Asudtyelear evidence was
found that an alternative objective indicator of fatiguees needed to support the fatigue
risk management system (FRMS) at ATW. In a controlddmbratory setting, the 10-
minute psychomotor vigilance task (I®L Q 397 KDV EHFRPH WKH ZLGHQOQ
VWDQGDUGY WRB® inigaiti ob sleépl vepilivgtibn and fatigue on human
cognitive neurobehavioral performance for monitoring tempohahnges in attention.
Therefore, several studies were carried out to replicateaitthte an alternative online
mobile version of the 1@in PVT i.e., online 10-min m-PVT, a shorter version oeline
5-min m-PVT as well as developing an offline iOS mobile apgiva i.e., offline 10-
min m-PVT. Findings from these studies identified thatahine 10-min m-PVT using
the timeeof-day and tineontask paradigm was sufficiently sensitive in detectingliev

of fatigue, while the online 5-min m-PVT was able to provide an tbgmndicator of
simulated workload fatigue. The offline 10-min m-PVT was atamél to be sensitive at
detecting levels of fatigue for train drivers in their opieral setting. Further research is
now needed to investigate whether a shorter offlimerbm-PVT could still be sensitive

enough at detecting levels of fatigue for frontline safeitycal workers.
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2. Evans, M. S.(2018, August)Impact of fatigue in train driversinvited by Mr
Martyn Brennan (Director of Operations) to present to the lEkexcBoard at Arriva
Trains Wales (ATW). Cardiff, UK.
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Evans, M. S.(2018, August)Developing an objective indicator of fatigue for train
drivers Invited by Mr Dan Basacik (Human Factor Specialist, Rafley and
Standards Board) to present at the Rail Safety and Staritzads (RSSB). London,
UK.

Evans, M. S.(2018, May).An overview of fatigue in train drivers at Arriva Trains
Wales (ATW)Invited by Mr Ken Skates AM (Minister for Economy anciisport)
to present to the Welsh Government Transport for Wala&  TCardiff, UK.

Evans, M. S.(2018, May).An overview of fatigue in train drivers: Key findings from
the last three years of researcimvited by Mr David Rees (Head of Drivers) to
present to Arriva Trains Wales (ATW) Driver Manager Tédeeting. Cardiff, UK.

Evans, M. S.(2018, April).Using a mobile app to explore workload fatigue in train
drivers Invited by Professor Lorraine Whitmarsh (Director of Eommental
Psychology) to present to the Transport Futures Resditevork. Cardiff, UK.

Evans, M. S.(2018, February)Fatigue in train drivers at Arriva Trains Wales
(ATW) Invited by Dr Claire Dickinson to present to the OfficeRail and Road
(ORR). Manchester, UK.

Evans, M. S. (2018, February)Fatigue in train drivers Invited to present by
members of two train drivers' unions; the Associated Sooietycomotive Steam
Enginemen and Firemen (ASLEF) and the National UnioRaif, Maritime and
Transport (RMT) to present to Arriva Trains Wales (ATWOn@pany Council
Meeting. Cardiff, UK.

Evans, M. S. (2017, August).Using mobile technology to objectively measure
fatigue Invited by Mr Jim Taylour (Head of Design and Wellbeing) tosent to
orangebox. Newport, UK.

1.3: Podium conference presentations

1. Evans, M. S, Harborne, D., & Smith, A. P. (2018, September). Exppran

objective measure of fatigue: A mobile version of the Psyadtor Vigilance Task
(m-PVT). Paper presented at the H-Workload 2018 Conference efdash.

Evans, M. S, & Smith, P. A. (2018, July). How objective is the Fatigrisk Index
(FRI) calculator at identifying safety incidents thatigaé could have been a
contributing factor? Paper presented at the 33rd PsyPAG Anoundtr€nce 2018.
University of Huddersfield, UK.

Evans, M. S, & Smith, P. A. (2018, March)Analyzing safety incidents using the
Fatigue Risk Index calculator as an indicator of fatigue within a UK rail franchise
Paper presented at the ICOHS 2018: 20th International Canéeox Occupational
Health and Safety. Miami, US.

Evans, M. S, & Smith, A. P. (2017, OctoberCan fatigue be objectively measured
using an iPhonePaper presented at the School of Psychology ThursalkySEries.
Cardiff, UK.
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1.4:

10.

11.

Evans, M. S. (2017, August).How fatigued are you feeling right nowPaper
presented at the Nuffield Research Placement: Speakes.Searliff University,
UK.

Evans, M. S, & Smith, A. P. (2017, JulyXCan fatigue be objectively measured using
mobile devicesPaper presented at the 32nd PsyPAG Annual Conference 2017.
Northumbria University, UK.

Poster conference presentations

Evans, M. S, & Smith, A. P. (2018, May)Developing an objective indicator of
fatigue for train drivers Poster presented at the Centre of Artificial Ingellice,
Robotics and Human Machine Systems event. Cardiff, UK.

Evans, M. S, & Smith, A. P. (2018, May)Using the Fatigue Risk Index (FRI)
calculator as an indicator of fatigue for train drivefBoster presented at the Centre
of Artificial Intelligence, Robotics and Human Machinesg&ms event. Cardiff, UK.

Evans, M. S, & Smith, A. P. (2018, May)An objective indicator of fatigue: An
online mobile version of the Psychomotor Vigilance Task (m-HR6Bter presented
at the Centre of Artificial Intelligence, Robotics andrklan Machine Systems event.
Cardiff, UK.

Evans, M. S, & Smith, A. P. (2018, Januarypeveloping an objective indicator of
fatigue for train driversPoster presented at the Human Factors ExcellencediffCa
University (HUFEX). Cardiff, UK.

Evans, M. S, & Smith, A. P. (2018, Januarysing the Fatigue Risk Index (FRI)
calculator as an indicator of fatigue for train drivefBoster presented at the Human
Factors Excellence at Cardiff University (HUFEX). CdrdifK.

Evans, M. S, & Smith, A. P. (2018, January)n objective indicator of fatigue: An
online mobile version of the Psychomotor Vigilance Task (m-HR6Bter presented
at the Human Factors Excellence at Cardiff University (HQFEardiff, UK.

Curtis, E., &Evans, M. S.(2017, October)Ilncident management using mobile
technology in the transport industryPoster presented at the Nuffield Research
Placement 2017 Celebration Event, Techniquest, Cardiff, UK.

Jarvisto, I., &Evans, M. S.(2017, October)Creating flat cartoon images for a
semantic processing mobile apposter presented at the Nuffield Research
Placement 2017 Celebration Event, Techniquest, Cardiff, UK.

Jones, J. S. M., &vans, M. S.(2017, October)The effects of overtime on train
drivers relating to the number of incidenBoster presented at the Nuffield Research
Placement 2017 Celebration Event, Techniquest, Cardiff, UK.

Khan, S. Z..& Evans, M. S.(2017, October)An investigation into train drivers
working overtime and how it impacts fatigueoster presented at the Nuffield
Research Placement 2017 Celebration Event, TechniquedtffGaK.

Morris, O., & Evans, M. S.(2017, October Objective measures of fatigue using
mobile technology Poster presented at the Nuffield Research Placement 2017
Celebration Event, Techniquest, Cardiff, UK.
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12.

13.

14.

15.

16.

17.

18.

Evans, M. S, & Smith, A. P. (2016, November)A mobile version of the
Psychomotor Vigilance Task (897 LPSOHPHQWHG RQ $SSOHTV
Poster presented at the School of Psychology PG CongeP®i6. Cardiff, UK.

Chiganze, T., &vans, M. S.(2016, November)lhe link between train crew fatigue
and safety incidentsPoster presented at the Nuffield Research Placement 2016
Celebration Event, Techniquest, Cardiff, UK.

Dhariwal, J., &Evans, M. S.(2016, November)An investigation of whether train
crew fatigue index scores are related to incidefsster presented at the Nuffield
Research Placement 2016 Celebration Event, Techniquediff GaK.

Rivera, S., &Evans, M. S.(2016, November)Train drivers and fatiguePoster
presented at the Nuffield Research Placement 2016 CetebEatent, Techniquest,
Cardiff, UK.

Evans, M. S, & Smith, A. P. (2016, OctoberpDbjective measures of fatigue: A
modified mobile version of the Psychomotor Vigilance Task (m:PNaé3ter
presented at the WISERD Annual Conference 2016, Swansea, UK.

Evans, M. S, & Smith, A. P. (2016, May)Investigating objective measures of
fatigue using an alternative version of the Psychomotor Vigilance Task (PVT)
implemented in mobile devicd2oster presented at the ESRC PGR Conference 2016.
Liverpool, UK.

Evans, M. S, & Smith, A. P. (2015, Novemberpbjective measures of fatigue in
Train Crew Poster presented at the School of Psychology PG fGowfe 2015.
Cardiff, UK.
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Train operating company (TOC) context

In December 2003, Arriva Trains Wales (ATW) under parent cosngariva was
awarded the contract to operate the Wales and Borders Farichil5 years until 14th
October 2018. Four companies entered bids to the Welsh Goverttnogr@rate the new
Wales and Borders rail service and the South Walesoiefith a contract to operate
from 4th June 2018t 14th October 2033. These four companies were; Arriva Trains
Wales (ATW), Abellio Rail Cymru, KeolisAmey and MTR Corpyf@ru) Ltd. In
October 2017, Arriva withdrew their bid to operate the WalesBorders rail service
and the South Wales Metro. In February 2018, Abellio Rail Cyatso withdrew their
bid to operate the Wales and Borders rail service and tiid S\¢ales Metro due to their
inability to meet the tender requirements outlined by Tf&raheir development partner
Carillion entered liquidation. As a result, KeolisAmeylanTR Corp (Cymru) Ltd were
the two remaining bidders. In May 2018, The Welsh Governmentdadidhe French-
Spanish joint venture KeolisAmey the contract to operaze\Wales and Borders rail
service and the South Wales Metro, which will be overbgdrransport for Wales (TfW).
As of the 14th October 2018, KeolisAmey is currently operdtiegWales and Borders
rail service and the South Wales Metro under the namespoat for Wales Rail Services
(TTWRS), with the aim to transform rail travel oveethext 15 years. Since the present
PhD thesis was carried out between October 26%8ptember 2018 in partnership with
Arriva Trains Wales (ATW), all references throughout tRlsD thesis will therefore
solely address and acknowledge Arriva Trains Wales (A@8\he Wales and Borders
Franchise and not the current Wales and Borders raitseand the South Wales Metro

+Transport for Wales Rail Services (i.e., KeolisAmey).
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Abbreviations

1/RT Response Speed

5-min m-PVT 5-minute mobile Psychomotor Vigilance Task

10-min m-PVT  10-minute mobile Psychomotor Vigilance Task

ADD Adjusted Diagram Duration

AFI Adjusted Fatigue Index

ANOVA Analysis of Variance

ARI Adjusted Risk Index

ASAP Aviation Safety Action Program

ASLEF Associated Society of Locomotive Steam EnginennenFaremen
ATO Automatic Train Operation

ATW Arriva Trains Wales

AWS Automatic Warning System

BAC Blood Alcohol Content

BMI Body Mass Index

BMM Biomathematical Model

CCMTA Canadian Council of Motor Transport Administrator
CCT Camel and Cactus test

CED Crewe Depot
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CFD Cardiff Depot

CFS Chronic Fatigue Syndrome
CHD Chester Depot

CHS Centre for Human Science
CND Carmarthen Depot

CSD Cardiff Shed Depot

CSS Cascading Style Sheets
CVvD Cardiff Valleys Depot

DAS Driver Advisory Systems

DD Diagram Duration

DERA Defence Evaluation and Research Agency
DMU Diesel Multiple Unit

DOC Drivers Company Council
DRA Driver's Reminder Appliance
DSD Driver Safety Device

DVT Driving Van Trailer

ECG Electrocardiogram

EDA Electrodermal Activity

EEG Electroencephalogram
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EMS

ERTMS

FAA

FAID

FI

FRA

FRI

FRMS

GBR

GDPR

GSMR

GSR

HDD

HSE

HR

HTML

IFCS

IUMI

KSS

Experimental Management System

European Rail Traffic Management System

Federal Aviation Administration

Fatigue Audit Interdyne

Fatigue Index

Federal Railroad Administration

Fatigue Risk Index

Fatigue Risk Management System

Great Barrier Reef

General Data Protection Regulation

Global System for Mobile CommunicationsRailway

Galvanic Skin Response

Holyhead Depot

Health and Safety Executive

Heart Rate

Hypertext Markup Language

Incident Factor Classification System

International Union of Marine Insurance

Karolinska Sleepiness Score
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LED Light-Emitting Diode

LID Llandudno Junction Depot

LTP Long-Term Planning

MND Machynlleth Depot

MRB Main Rest Break

m-PVT mobile Psychomotor Vigilance Task

NASA-MATB National Aeronautics and Space Administratiulti-Attribute Task Battery

NICE National Institute for Health and Care Excellence
NTS Non-Technical Skills

OGE Oil and Gas Extraction

ORR Office of Rail Regulation / Office of Rail and Road
OTMR On-Train Monitoring Recorder

PAO Passenger as Ordered

PPE Personal Protective Equipment

PTSD Post-Traumatic Stress Disorder

PVT Psychomotor Vigilance Task

PVT-B Psychomotor Vigilance Test-Brief

PWD Pwllheli Depot

RAIB Rail Accident Investigation Branch
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REC Railway Emergency Group Call

RHD Rhymney Depot

RI Risk Index

RMT National Union of Rail, Maritime and Transport Worker
ROGS Railways and Other Guided Transport Systems (S&etgylations 2006
RoSPA Royal Society for the Prevention of Accigent

RS Rail Services

RSSB Rail Safety and Standards Board

RT Reaction Time

RTAs Road Traffic Accidents

SAM Search and Memory Task

SB Standby

SFA Simon Folkard Associes

SMIS Safety Management Information System

SP Spare

SPAD Signal Passed at Danger

SPSS Statistical Package for the Social Sciences

SQD Shrewsbury Depot

SRA Strategic Rail Authority
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SRB

SRT

STP

STUD

B

TDLCR

TIW

TIWRS

TOC

TPWS

TTD

UMP

WHO

Short Rest Break

Simple Reaction Time

Short-Term Planning

Safety, Training and Update Day

Team Briefing

Train Driving Licences and Certificates Regulatiafs0

Transport for Wales

Transport for Wales Rail Services

Train Operating Company

Train Protection & Warning System

Treherbert Depot

Unified Model of Performance

World Health Organization
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Organisation of Thesis
1.1: Aim of Thesis

The overarching aim of this thesis was to develop and valatatbjective indicator of

fatigue for frontline safety critical workers.

1.2: Objectives of Chapters

1.2.1:Chapter 1: General introduction
Chapter 1 provides the rationale for studying occupationgjutatin frontline safety
crucial workers. This chapter also provides a brief discoss the research context as

well as the objectives being addressed in the thesis.

1.2.2:Chapter 2: Theoretical framework and rationale of the Health and Safst
([HFXWLY H fatigue &R(sk Index (FRI) calculator used at Arriva Trains Wales
(ATW)

Chapter 2 provides the theoretical framework of the Heath6 D IHW\ ([HFXWLYHTV
Fatigue Risk Index (FRI) calculator used at Arriva Traireled (ATW) as part of their
Fatigue Risk Management System (FRMS) strategy to mdatgee levelsn frontline

safety critical workers.

1.2.3:Chapter 3: The Healthand 6 DIHW\ ([H F X W [Eatige\Risk-i6dex (FRI)
calculator used at Arriva Trains Wales (ATW)

Chapter 3 investigates the effectiveness of the Headth6 DI HW\ ([HFXWLYHTV
Fatigue Risk Index (FRI) calculator used at Arriva Traireléd (ATW) as part of their
Fatigue Risk Management System (FRMS) for monitoring anthgiag safety incidents

in which fatigue could have been a contributing factorap@ér 3 set out to answer two

fundamental questions:

1. The aim of the first study was to investigate whetheptbesent biomathematical

PRGHO %00 IRU DVVHVVLQJ WU IMrya GrainsYW¥alds/ I OH®
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(ATW) i.e., the Health and D IHW \ ([HF X W Eatigl® RiskHledex (FRI)
calculator related to the number of safety incidentwhich fatigue could have

been a contributing factor.

2. The aim of the second study was to investigate whe#striating train drivers
from working on their assigned rest days based on a Hgtuvaturring
intervention reduced the number of safety incidentshiclvfatigue could have

been a contributing factor.

1.2.4:Chapter 4: Pre-unit mobilisation procedures and checks as well as -tab
observations

Chapter 4 identifies some of the external environmeiigtbfs that could contribute
towards safety incidents when fatigued through ethnograpbsearch based on extensive

in-cab observations.

1.2.5:Chapter 5: Developing and validating an alternative online objective mobile
indicator of fatigue

Chapter 5 investigates the use of tineetof-day and timean-task effect to replicate and
YDOLGDWH ZKHWKHU WKH DOWHURQPWRLOYG RWdQE® B URRIE
Psychomotor Vigilance Task (10-min PVT) i.e., online 10-minutdila Psychomotor
Vigilance Task (online 10-min m-PVT) could be used to provide arctibgeindicator

of fatigue for frontline safety critical workers.

1.2.6:Chapter 6: Investigating a shorter mobile version of the online 10-mim-PVT
i.e., online 5-min m-PVT as an objective indicator of simulated worklad fatigue

Chapter 6 investigates whether a shorter mobile versiadmeadiiline 10-minute mobile
Psychomotor Vigilance Task (online 10-min m-PVT) i.e., onba@in m-PVT could be

used to provide an objective indicator of simulated workloaguat
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1.2.7:Chapter 7: Developing and validating an offline iOS mobile app version of th
online 10-min m-PVT i.e., offline 10-min m-PVT for frontline safetycritical workers

Chapter 7 outlines the development and validation of tennaltive offline iOS mobile
app version of the online 10-minute mobile Psychomotor Vigilarsk Tonline 10-min
m-PVT) i.e., offline 10-minute mobile Psychomotor Vigilance Tésffline 10-min m-

PVT) to detect levels of fatigue for frontline safetyicat workers.

1.2.8:Chapter 8: General Discussion

Chapter 8 provides a general discassif the findings in relation to the objectives of the
thesis. This chapter summarises the overarching thearatid practical implications of
the thesislimitations of the thesis, practical recommendatioesommendations for

future research, the future of train driving, and concludingar&s.
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Chapter 1: Introduction
1.1: Research objectives

The originality and contribution of this thesis lies imree main domains; Firstly,
identifying whether the+t HDOW K DQG 6D IHW)\ RdtidueXRigk_IMde ] (FRI}+ 6 (
calculator used by Arriva Trains Wales (ATW) is an effee method for monitoring and
reducing safety incidents in which fatigue could have laemomtributing factor; Secondly,

to better understand some of the issues that could coetribwards safety incidents
when fatigued through ethnographic research based on extemsiaé observations;
Thirdly, to develop, validate, and investigate an altéreaibjective indicator of fatigue

in frontline safety critical workers e.g., train driversshital staff, emergency services,
and law enforcement that can be used to strengthen and foothelement the current
Fatigue Risk Management System (FRMS) at ATW. Thergfrehree main domains

were addressed by answering the following research objecsee Table 1).

Objective 1 To LQYHVWLIJDWH WKH HIIHFWLY HEOHRXW RY

+6( )DWLJXH 5LVN ,QGH[ )5, FDQR¥OMDMWRWV X \4
part of their Fatigue Risk Management System (FRMS) famitaring and managing
safety incidents in which fatigue could have been a conimipd@ctor. As a result,
the first objective set out to answer two fundamentaltaures

1. The aim of the first study is to investigate whether theege
biomDWKHPDWLFDO PRGHO %00 IR WHDVR/IHNDW\
$UULYD 7UDLQV :DOHV $7: L H[HWRXWLYHDU
Fatigue Risk Index (FRI) calculator related to the nunalfeafety incidents
in which fatigue could have been a contributing factor.

2. The aim of the second study was to investigate whethgrateng train
drivers from working on their assigned rest days basedr@iurally
occurring intervention reduced the number of safety el in whichfatigue
could have been a contributing factor.

Objective 2:To identify some of the external environmental factors toald
contribute towards safety incidents when fatigued, througlogthphic research
based on extensive in-cab observations.

Objective 3:To use the the-of-day and timesn-task effect to replicate and validate
ZKHWKHU WKH DOWHUQDWLYH RQWDQ &-iRd@T O H
Psychomotor Vigilance Task (10-min PVT) i.e., online 10-minubdila
Psychomotor Vigilance Task (online 10-min m-PVT) could be tgguiovide an
objective indicator of fatigue in frontline safety cratisvorkers.




Objective 4:To investigate whether a shorter mobile version of theneril0-minute
mobile Psychomotor Vigilance Task (online 10-min m-PVT) i.elin@ 5-min m-
PVT could be used to provide an objective indicator of sitadlavorkload fatigue.

Objective 5:To develop and validate an alternative offline iOS mobile apporers
the online 10-minute mobile Psychomotor Vigilance Task (ordlwenin m-PVT)
Il.e., offline 10-minute mobile Psychomotor Vigilance Tasklifg# 10-min m-PVT)
to detect levels of fatigue for frontline safety critieadrkers.

Table 1: Research objectives

1.2: General introduction

According to McOrmond (2004), the modern context way in whiabpfgework has
dramatically changed in the last few decades from a manuifag-basedo a service-
based economy. Therefore, due to societal demands, aihtzsge organisations now
trade and operate throughout the 24-hour clock (Ritson & im, 2006) As a result,
WRGD\YfV ODERXU ZRUNIRUF H Vnhob $fdndardped) shid Yar@raO\ ZF
(Beers, 2000; Krausz, Sagie, & Bidermann, 2000; Presser, 20083e@ieently, the

09:00 +£17:00 working model may no longer be the standardised shiftrpdftemal,

2004; Pisarski, Lawrence, Bohle, & Brook, 2008). Patrick artioe@i(1896) were some

of the first scientists to empirically determine soniethe physiological and mental
effects of enforced abstinence from sleep. In their wibee subjects were kept awake

for 90 hours, and during this period performed a series tf tdsfunctions such as;
reaction time, discriminatont LPH PRWRU DELOLW\ PHPRU\ DQG
intervals. In tlis study the researchers were able to demonstrate ¢ffiedts of remaining

awake for such a prolonged duration of time.

1.3: Definition of fatigue

According to Kroemer and Grandjean (1997), fatigue is adefined as the decline in
mental and/or physical performance that results from pgeld exertion, lack of quality
sleep or disruption of the internal body clock. The €&fiof Rail and Road (ORR) defines

fatigue D ¥ gtate of perceived weariness that can result from prolonged working, heavy



workload, insufficient rest or inadequate sIggRSSB, 2012: 12). Bowler and Gibson

(2015: 4) IXUWKHU DGGHG W K Dedlind D\VextkKel tiledh€ss Bkt Ipeing
unable to perform work effectively. +RZHYHU W KH U Hwbidh ihaRR WigaetU IDF
on, or contribute to, higher levels of fatigue which sti@l$o be taken into consideration.

Both these physical and mental factors include individual,renwiental, and work-

related factors (see Figure RSSB, 2012). Furthermore, there are also personal $actor

that may also contribute towards higher levels of fatigueh as home life commitments

and conflicts (HSE, 2006). Earlier research by Krueger (1989) igehtihat the
consequences of fatigue may include reduced cognitive performaadceed alertness

and increased levels of sleepiness.

tLife style FfFamily circumstances T Working hours
fAge tDome stic responsibilities t Resting period
fDiet ¥Sleep environment fInten sity of ta sks
flline ss fWeather conditions fPhysical demands
T Medical conditions T Concentration levels
¥Drug s and al cohol u se ¥ Repetitivene ss

Fat igue

Figure 1: Fatigue factors (adapted from RSSB, 2012)



1.4: The fatigue process

Since both physical and mental fatigue can occur simultesigoa simple way of
conceptualising fatigue would be to consider a fatigue progesarding to Smolarek
and Soliwoda (2014), fatigue is a process, which begins witadtual risk factors for
fatigue, and moves on to the subjective perceptions of fatagukfinally ends with the
consequences of fatigue (see Figure 2). Smith, Allen and Watihs(201.5), added that
the fatigue process, which starts with risk factors adjfet includes long working hours
and sleep loss. This is then followed by consideratiathefL Q G L Y [p&ceprions \of
fatigue. The process finally ends with the outcomes @uat which include changes in

mood, inefficient performance, accidents, and injuries.

Risk Factors

Work Scheduk
Work Conditions
Environnment

Experience
Resistace

Perception of Fatigue
Miti gdion

Loss of concentration
Poor Perbrmance
Health

Consequences

Figure 2: Fatigue Process Model (adapted from SmolareKi&&ita, 2014)

1.5: Benchmarking fatigue

Research carried out by Dawson and Reid (1997) found thatffdmseof moderate
fatigue on performance are similar to moderate alcohokication. In other words,
continued wakefulness of around 17 hours resulted in a dedgreazgnitive performance
which was the equivalento deficit observed performance at a blood alcohol content
(BAC) of ~.05 per cent. In addition, after 24 hours of cure¢d wakefulness, performance

decreased to a level equivalent to a BAC of .1 per centeMer, a BAC will also depend



on multiple individual factors, such as weight, age, gexcentage of alcohol in the
beverage, and the rate of drinking (see Winek & Esposito, I88teview). As a result,

Brick (2006) developed a series of mathematical calcustiwhich aimed to standardise

and integrate individual factors with BAC. To put these fgumto perspective, the
National Highway Traffic Safety Administration (2010) idiéed that in 2007 in the

United States alone, there were 55,681 drivers involved ihdiatshes that resulted in
41,059GHDWKYV LQ ZKLFK SHU FHQW RR[WHCHVHGG WASEH &

per cent).

1.6: Occupational fatigue

1.6.1:Prevalence

It is estimated that approximately 20 per cent of the eyepl population reported
symptoms of feeling fatigued at wo(B Jtmann, Kant, Kasl, Beurskens, & van den
Brandt, 2002). However, these findings may not be representafivall working
population sectors and industries. Other studies have rdgmeaealence rates of fatigue
ranging from 7 per cent to 45 per cent (Lewis & Wessely, 1992ording to Lewis and
Wessely (1992), these discrepancies could be due to the mieypdeed in the study,
as well as the cut off points that were selected in teagbesin. As a result, fatigue has
become a serious problem due to an ever-increasing workplacdoaehriong duty
working hours, disruptions on circadian rhythms, pressure foaml and societal
demands as well as sleep deprivation (Caldwell, Caldwell, Tham@ Lieberman,
2019; Sadeghniiat-Haghighi & Yazdi, 2015). Therefore, the impdatigtie at work can
clearly have significant consequences and implications mplogees personal,
environmental, and industrial everyday experience (Srailan, & Wadsworth, 2015).
However, there are other factors that could cause inctdasgue levels. For example,
sleep deprivation (Let al, 2012; Simpsost al, 2016), shiftwork (Gorlovat al., 2019),

and chronic fatigue (Caldwedt al., 2019).



1.6.2:Sleep deprivation

Lo et al (2012) identified that partial sleep deprivation i.e., taas seven hours of sleep
per night (Shockey & Wheaton, 2017) across several daysirsmpath cognitive
performance and heath, whether physical health issueetal health issues (Dahl &
Lewin, 2002). Simpsoat al (2016) outlined that this is due to the fact that it is exélg
difficult for anyone to be able to adapt to prolonged pastedp deprivation. Tononi and
Cirelli (2006) argued that impaired cognitive performaiscine most rapidly occurring
consequence of the effect of sleep deprivation. In aiditi has been found that sleep
deprivation results in fatigue (Killgore, 2010; Legault, Clemé®nny, Hardcastle, &
Keller, 2017) as well as various studies having identified tleapstieprivation leads to

chronic fatigue (Ahsbergt al.,, 2000; Kerin & Aguirre, 2005; Muecke, 2005).

1.6.3: Chronic and acute fatigue

Workers are always confronted with several unforeseealsical, cognitive, and
emotional demands in the workplace (Querstret, Cropley, Krégderon, 2016). These
demands do consume valuable physical and mental resghtegsan, Mulder, & van
Dormolen, 1992), which can result in acute and chronic fatiyee prolonged periods
of consecutive exposure (van der Ploeg & Kleber, 2003). Aomprto Fukudaet al
(1994), chronic fatigue syndrome (CFS) is a clinically defirohdition that is
characterised by severe disabling fatigue that includes ication of self-reported
symptoms such as impairments in concentration asaswelhort-term memory loss, sleep

deprivation, and musculoskeletal pain.

CFS has been linked to cognitive deficits (Capuetnal, 2006; Costigan, Elliott,
McDonald, & Newton, 2010; Howet al, 2014; Santamarina-Perez, Eiroa-Orosa,
Rodriguez-Urrutia, Qureshi, & Alegre, 2014; Thomas & Smith, 2009vels as an

increased susceptibility to acute fatigue (Snatlal, 1999). However, Robinsogt at



(2019) and Beaumowmt al (2012) have identified that cognitive deficits in CFS maty no
be as broad as previously suggested (e.g., Thomas & Smith, 20d%ay simply be
restricted to slowing in basic processing speed. At pretdeme are no diagnostic tools
beyond symptom recognition and no curative treatments (NEDB7; NICE 2018a;
NICE 2018b; NICE 2018c; NICE 2018d). However, with better understandiGg9
and technological advancements, researchers are noariegpnew approaches to
potentially locate biomarkers for the diagnosis of CK8 ét al, 2019). For the time
being, research carried out by Thomas and Smith (2006) hdsi&tethat antidepressant
therapy was able to reduce patiefi&S, even after three years. In addition, rehabditati
courses have also proven to be successful using self-direeigement techniques of
CFS (Harrison, Smith, & Sykes, 2002). Furthermore, empleyeorking in medium or
high-risk professions, e.g., train drivers, hospital staffiergency services, and law
enforcement, etc. are often confronted with acute stress critical incidents and thus
may be involved in life threatening situations (Querstregp@y, Kruger, & Heron,
2016). In addition, Mitchell and Dyregrov (1993) have shown #Huatte stressors or
critical incidents may lead to serious mental disturbgneed in most cases post-
traumatic stress disorder (PTSD). In contrast, Martirherte Ledoux, Gaudreault and
Laberge (2012) identified that there is a relationship betweask-related fatigue and
chronotype to sleep. Therefore, van Dongen (2006) arguemdnatual differences in
tolerances may have a biological chronotype basis Kittle & Gillespie, 2018, for

review), when it comes to adapting to fatigue.

1.6.4:Chronotypes

Wittmann, Dinich, Merrow and Roenneberg (2006) defined chrpeodg the individual
variations of sleep/wake times, which are primary infagehby environmental light,
genetics, and human development stages (Wittratalhy 2006). According to Hittle and

Gillespie (2018) approximately 60 per cent of the populatidirfadliinto the intermediate



stage. However, Adan, Archer, Hidalgo, Di Milia, Natale Bashdler (2012) outline that
chronotypes can range from early birds (i.e., morning atype) to night owls (i.e.,
evening chronotype), which can significdAhO\ LPSDFW R Q D Qy to@capty LG XD

to shift work (Hittle & Gillespie, 2018).

Hittle and Gillespie (2018) suggest that reducing emplofeesd to work night shifts
would be extremely beneficial. However, for safety caitiworkers such as train drivers,
hospital staff, emergency services and law enforcertt@ngbility to reduce shiftwork is
not always possible due to the operational need or nétttine eafety critical service. As
a result, Hittle and Gillespie (2018) argue that thereckear need for the identification
of shift workers chronotype as a means to develop a tool that leelplgredict disease

development.

1.6.5: Shiftwork

It has been identified that shiftwork leads to disruptiondénrtatural circadian rhythm
(Loudoun & Allan, 2008), which contributes towards both psycho#giand
physiological symptoms as well as impacting productivity, irgirgathe likelihood of
being involved in an accident, and making errors more likenks & Dinges 2007;
Folkard & Tucker 2003; Rajaratnam & Arendt 2001). Therefore,miost commonly
reported issue with shiftwork has been the decrease iguiddéy and quantity of sleep
(Conwayet al, 2008; Costa & Sartori, 2007; Fletcher & Dawson, 2001; Yong, Li, &
Calvert, 2017). This is further supported by numerous studiehwvhave also identified
that shiftwork decreases the quality and quantity of sle&préiedt, Fredlund, Gillberg
& Jansson, 2002; Conway al,, 2008; Charlest al, 2007; Chang, 2018; Costa & Sartori,
2007; Fletcher & Dawson, 20Q1as the sleeping rhythm is well correlated with the

circadian rhythm (Lac & Chamoux, 2004). However, sleep quahty quantity are not



the only implications of shiftwork (Reiet al, 2018) Sasakiet al (2018) identified that

poor sleep quality was associated with an increase in hesiltéss among shift workers.

Shiftwork has also been extensively linked to a range of chhaaitth problems (Khan,
Duan, Yao, & Hou, 2018; Matheson, O'Brien, & Reid, 2014; Sasiaki, 2018; Yong,
Li, & Calvert, 2017), such as sleep disorders (e.g.eFhal, 2012; Gorlovaet al, 2019;
Zhang Sun, Li, & Tao, 2016), cancer (e.g., Davis, MiriclSi®vens, 2001; Hansen, 2001;
Savvidis & Koutsilieris, 2012; Walaset al, 2018), obesity (e.g., Fonkest al, 2010;
Liu et al.,2018; Supriyanto, Soemarko, & Prihartono, 2018), and cardiokzastisease
(e.g., Bargert al, 2017; Ha & Park, 2005; Peter, Alfredsson, Knutsson, Siegrist, &
Westerholm, 1999). Kelley, Feltman and Curry (2018) identifirat inconsistent
shiftwork, insufficient rest, and poor sleep quality aredegtthat contributeowards
fatigue and performance degradation, as it has been well dotednéhat prolonged
working hours and displaced shiftwork results in physioldgeigue, mental fatigue
(e.g., cognitive performance deficits and errors) andncreasein safety accidents

(Mallis, Mejdal, Nguyen, & Dinges, 2004).

The link between shiftwork and safety is far better establishigiin the transport
industry, when compared to other industrial sectors (Akerg&@&titight, 2009). This is
due to the fact that driving a mode of transport that carriegepgsers e.g., trains, lass
and coachs demands continuous attention and any lapse in attentimesalt in drivers
being involved in safety critical incidents (Philip & Akerstedf06). However, the
implications and consequence$ shiftwork go far beyond the physiological and
psychological health issues as well as inadasfety incidents. Yong, Li and Calvert
(2017) argue that shiftwork also results in shift workers expangndifficulties in
performing certain activities of daily living in general, sashthe ability to concentrate,
working on hobbies and/or taking care of financial affairsngy,d.i, & Calvert, 2017).

NeverthelessLian et al. (2016) state that establishing effective coping strategies can



significantly reduce the impact of shiftworkkerstedt and Landspm (1998) found that
shift workers utilise various countermeasures as well asviliral coping strategies to
best manage the ill effects of fatigue in order to be &blmaintain both safety and

performance in the workplace.

Gorlova et al (2019) acknowledge that recovery sleep is a vital ingredanshift
workers to be able to recover from fatigue. Zee and Gold&6ih0) recommend that
good sleep practices as well as the application of cawoaglinciples for shift workers
could significantly improve sleep quality, alertness, pennce, and safety. However,
there are other coping strategies that shift workers cartougaprove alertness and
performance. Walsh, Muehlbach and Schweitzer (1995) foundhtadaboratory setting,
caffeine was a positive countermeasure of shiftwork-reldedue and sleep
disturbances. However, caffeine has been shown to improvetigegeerformance and
enhance wakefulness and maondhift workers (Haskell, Kennedy, Wesnes, & Scholey,
2005; Seidl, Peyrl, Nicham, & Hauser, 2000; Wyatt, CajocRén;De Cecco, Czeisler,

& Dijk, 2004).

1.6.6: Caffeine and shiftwork

Caffeine (trimethylxanthine) is a purine alkaloid that ocaqwaurally in coffee beans

(Higdon & Frei, 2006) and has become one of the most cayrsonsumed beverages
in the world, accounting for 75 per cent of the regulardrik consumption (Toci, Farah,
Pezza, & Pezza, 2016). However, drinking coffee has oftemdiscouraged (Ciaramelli,
Palmioli, & Airoldi, 2019) as increased caffeine consumpti@s been found to be
associated with greater sleep deprivation, psychologiisaless, abdominal pain and
weight gain (Centofangt al, 2018). In addition, poor sleep qualisyalso related to an

increase in caffeine consumption (Dorrian, Baulk, & Daw&i1; Hsielet al, 2011).

However, Booker, Magee, Rajaratnam, Sletten and Howard (28di8gchthat perhaps
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the reason for the association between poor sleep qualdly increased caffeine
consumption might be due to shift workers trying to remain,aad not that the caffeine
itself causes poor sleep quality unless caffeine was consuitied @lose proximity to

trying to fall asleep.

Smith (2005) identified that higher levels of caffeine comstion resulted in
significantly higher alertness levels over the working @awell as significantly reduced
reaction times. In addition, an association betwedfeina consumption and fewer
cognitive failures and accidents at work was also foundtfS2005). Snel and Lorist
(2011) argue that caffeine is a popular means to enhance vasgpeasts of cognitive
performanceDekker, Paley, Popkin and Tepas (1993) found that train driversteepo
higher caffeine consumption rates than permanent shttbriaworkers, which resulted
in poorer sleep quality, increased negative moods, dedrpaséive moods during work
and during days of rest (i.e., time off). However, Navetadl. (2003) argued that for the
healthy adult population, moderate daily caffeine intake maasssociated with several
adverse health effects e.g., cardiovascular diseased whanges, and increased cancer
diagnosesMoreover, Smith, Whitney, Thomas, Perry and Brockni£97) stated that
in stressful situations, low levels of caffeine do not ease physiological and
behavioural observed changes. Despite these inconséstendhe literature, Richards,
Stayton, Wells, Parikh and Laurin (2018) identified ttzfesne consumption was a well-
established coping strategy among shift workers beforengtatieir shift, and both
caffeine consumption and napping were found to be the twai olmquitous fatigue
countermeasures utilised by shift workers (Dorearal, 2011; Knauth & Hornberger
2003; Roth, 2012; Zee & Goldstein, 2018} a result, caffeine consumption as well as
napping were found to be effective coping strategies foigatihg fatigue levels
(Centofantiet al, 2018) as reviews of the literature agree that caffeimsusoption

improves reaction time (Einother & Giesbrecht, 2013; NeRBg,0; Smith, 2002). Smith
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(2013) suggested that there could also be possible biologicabmems underlying the
effects of caffeine on cognitive performance. Smith, &ldind and Christopher (2005)
found that caffeine consumption improves performance asaseflositive moods. In
addition Smithet al (2013) and Snel and Lorist (2011) have identified that ingestfio
caffeine improves 'lower' cognitive functions e.g., simpkction time and the ability to
encode new information more efficiently. However, cakeconsumption effects on
‘higher' cognitive functions e.g., decision-making and proitsleiving are often debated
(Kosslyn & Smith, 2001). Novak and Auvil-Novak (1996) identifiecttlearly shift
caffeine consumption improved night shift performance. Akétsand Ficca (1997)
argue that caffeine consumption is commonly used to impatareness during work.
However, caffeine consumption has been shown to be weifeetive at particular
ingestion times. Walsh, Muehlbach and Schweitzer (1995)ifeehthat a single dose of
caffeine at the start of a night shift was more alertingn several divided doses
throughout the night shift. McLellan, Caldwell and Liebern201@) highlight that under
normal dayto-day circumstances, there is evidence to suggest thaineaffensumption
is modulated until a self-perceived optimal peak level odusal and cognitive
performance is achieved (Harvanko, Derbyshire, Schreib&rafat, 2015). Therefore,
Brice and Smith (2001) argued that when performance and aleftnels are depleting
or significantly low, caffeinas an effective coping strategy for sustaining attention,
alertness and positive mood. It is also important totpmit that the effects of caffeine
have been integrated into some biomathematical modeMBMuch as the unified
model of performance (UMP) (Ramakrishnaat al, 2016). However, caffeine
consumption counteracts reductions in the turnover mfakenoradrenaline, which may
underlie the beneficial effects of caffeine that arensaelow alertness levels (Smith,

Brice, Nash, Rich, & Nutt, 2003).
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1.6.7:Noradrenaline and attention lapses

Smith and Nutt (1996) have demonstrated that noradrenaline is imipiartaaintaining
attention. Greene, Bellgrove, Gill and Robertson (2009) arguestistained attention is
the capacity to keep oneself alert or the ability to rerfeinsed on a particular task for
a prolonged duration. Posner and Peterson's (1990) theottgwofi@n outlines that the
alerting network responsible for arousal and vigilance retresigly on the actions of the
neurotransmitter noradrenaline. As a result, elevateddnenaline levels have been
shown to enhance responses by reducing response latermiest(® Sara, 2002; Lecas,
2004) and by minimising response thresholds (Ciombor, Ennis,hi@ley, 1999;
Waterhouse, Azizi, Burne, & Woodward, 1990; Waterhoesal, 1988). Therefore,
noradrenaline seems to improve attention by firstly narrgwhe focus of attention and
secondly by blocking out the effect of distractors (Robki®g4; Smith, Wilson, Glue,

& Nutt, 1992).

1.7: Fatigue in the transport industry

Williamsonet al (2011) identified that the consequences of fatigue reisudts increase
in safety incidents. Therefore, occupational fatigue s twidely studied in various
frontline safety critical sectors of the transport indygsncluding aviation (e.g., Bennett,
2003; Caldwell & Gilreath, 2002), road transport industry (e.g., DawSearle, &
Paterson, 2014), truck drivers (e.g., Williamson, Feyerti@ell, 1996), seafarers (e.g.,
L «tzhoft, Dahlgren, Kircher, Thorslund, & Gillberg, 2010; Smalien, & Wadsworth,
2006; Wadsworth, Allen, McNamara, & Smith, 2008; Wadsworth, AlMfellens,
McNamara, & Smith, 2006), and the railway industry (e.g., Darnviiamhond, & Dawson,
2008; Dorrian, Baulk, & Dawson, 2011; Dorrian, Hussey, & Dawson, 2D@rtian,
Roach, Fletcher, & Dawson, 2007; Jay, Dawson, Fergusomar8ond, 2008; Ku &
Smith, 2010; Sussman & Coplen, 2000). In addition, this ks eeen found in law

enforcement officers (e.gHursh,et al, 2004; Sanquist, Raby, Forsythe, & Carvalhais,
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1997); emergency services (e.g., Paley & Tepas, 1994). Hovibedrue extent of the
problem of fatigue within transportation remains unknown y(N&t al, 2011).
Nevertheless, Rosekiret al. (1996) point out that the task of managing fatigue in an
operational setting e.gthe transport industry (maritime, aviation, railwayg.eshould

be a shared responsibility across all stakeholders engnaindividuals, companies,
federal agencies, scientists, industry organisations asawelhie public. Smith (2016)
found that poor driving behaviour, driving when fatigued, and riskgpkiere the main

predictors of road traffic accidents (RTAS).

1.7.1:Road fatigue and road traffic accidents (RTAS)

Road traffic accidents (RTAS) represents a significantathiee human lives all around
the world (Li, Yamamoto, & Zhang, 2018), with an estimate2b Imillion fatalities on
the road each year and millions more sustaining serioudtéféng injuries (WHO, 2015).
In addition, driving when fatigued was identified as onéneffour most serious and risky
driving-related behaviours, especially in fatal RTAs (FedesnHatfield, & Job, 2010)
However, fatigue involvement in fatal RTAs crashes vansaerably. For examplet, i
has been found that fatigue was a significant contriguiactor in ~20 per cent of all
fatal RTAs in Canada (CCMTA, 2010) as well as the United King(RaSPA, 2017).
These estimates were even higher in Australia, beitwgele® 20 and 30 per cent (ATC
2018. As a result, driver fatigue is now considered to beagntontributor of all RTAs
by approximately 15+30 per cent (Anund, lhistrom, Fors, Kecklund, & FiltneX¥16;
Connoret al, 2002; Williamsoret al 2011). Conversly, Williamsoat al (2011) found
no supporting evidence between circadian-related fatigue inigearad performance or
safety outcomes. Nevertheless, Smith and Allen (2013) cothfatigue in lorry drivers
and seafarers and found similar self-reported fatiguelde¥n addition, Anuncet al.
(2016) examined sleepiness in city bus drivers and found thatrl&peof city bus

drivers had to fight to stay awake. Furthermakeund et al. (2016) found that severe

14



sleepiness correlated with fatigue related safety rigks mear crashegkhtar and Utne
(2014) argue that a significant percentage of maritime acesideatdue to fatigue, and
that the causes of fatigue at sea have been categoriseahs of both physical and mental

workload aspects (Besiket al, 2016)

1.7.2:Maritime fatigue

Besikci, Tavacioglu and Arslan (2016) have identified thatniaeitime industry has
always had a long record of accidents. The Internakidmion of Marine Insurance
(ITUMI) have argued that human factors are a contribwglagient in the rise of maritime
transport accidents (Nilsson, Garling, & Lutzhoft, 2009), whienan error remains the
main factor for a large proporton@DULWLPH DFFLGHQWY 'DUEUD
2003; Toffoli, Lefevre, Bitner-Gregersen, & Monbaliu, 2005; Aizaos, 2010). Smith
(2008) outlined that offshore workers experienced poorer sledpyoaad significant

sleep deprivation.

1.7.2.1:Offshore fatigue (oil installations)

Riethmeister, Brouwer, van der Klink and Bultmann (2016) found #Baper cent of
offshore workers reported prolonged fatigue due to shiftwoshthkt al. (2017) argued

that offshore workers are exposed to intensive shift pattesnwe#l as long work
durations, which lead to high levels of fatigue. Mathisen a8 (2016) identified that
duration of employment as well as overtime increasedraetirors and rule violation of
offshore workers. In addition, Riethmeis&tral (2016) found that 46 per cent of offshore
ZRUNHUV ZHUH RYHUZHLJKW L H25, EfReGAL pdD tevit af he H [
RIIT'VKRUH ZRUNHUV ZHU30. Riese\BWI thréshold® &reres within the
reference methods for evaluating total body fat levelsesponding to the BMI
thresholds (Gallaghest al, 2000), i.e., underweight (< RYHUZRL),)&A -

R E HV L30).\Fusthermore, fatigue does not exclusively impair pedoce or reduce
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safety during shiftwork (Smith, Allen, & Wadsworth, 2006) but cksoe ampact safety
outside of workMason, Retzer, Hill and Lincoln (2015) identified that approxetya40
per cent of fatalities from the oil and gas extractiOGE) industry occurred as workers
return home from their offshore shift§herefore, Mette, Garrido, Harth, Preisser and
Mache (2018) state that interventions showddrtroduced to better promote effective
coping strategies. Conversely, Salyga and Kusleikaite (2@&mjified that in seafarers
the duration of work had a dramatic effect on the progmdsatigue symptoms, with an

incredible 87 per cent stating that they experienceguatrelated symptoms.

1.722.6 HDIDUHUVY IDWLJXH

Smith and Lane (2001) outlined that approximately 25 per cerdeafarers had
experienced fatigue during their watch, and out of those =ippately 50 per cent had
expressed that fatigue reduced their ability to evaluate darmgseiwations, as well as
making it more difficult to predict potential accidents, whitbers simply reported that
they had fallen asleep. Research carried out by Smiten Alhd Wadsworth (2006) on
seafarers found that the consequences of fatigue are ndy shmpimmediate visible
eviderte of reduced safety and impaired performance, but alsoei¢icreased well-
being and increased risk of mental health problems, which aiieytarly prevalent in
the development of chronic diseases among seafaepsefd Zhao, & van Leeuwen,

2015).

Looking more closely at some examples of accidentiseénmaritime sector as a result of
fatigue, one can clearly see how serious fatigue impacereliff situations. On the 3rd
April 2010, Shen Neng A Chinese-registered coal ship grounded on Douglas Shoal, a
section of the Great Barrier Reef (GBR) in Austrafia. independent investigationyb

the Australian Transport Safety Bureau highlighted thattkere a number of factors

which contributed to the accident. However, the groundingnately happened as a
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position. The investigators found that the chief mate had slefyt for 2 hours and 30
minutes in the preceding 38 hours and 30 minutes before the grgunte investigation
concluded that the chief mate had made a successionoo$,ewhich were probably
brought about by his lack of sleep (Australian Transpafét$ Bureau, 2011). Research
carried out by Smith, Allen and Wadsworth (2006) found thatcqomately 16 per cent
of fishermen had been involved in a fatigue related imtiddore alarming, 60 per cent
of fishermen said that their personal safety had beeskabecause of fatigue at work
and that 44 per cent had worked to the point of collapse. Howeigimportant to note
that this study was based on a small-scale survey (n = 8ishefmen who completed
the fishing fatigue questionnaire. Moreover, the study didyadurther to determine the
nature of the incident beyond the single-item questiomsvestigate what active role the
fishermen played in the incident. However, fatigue symst are not limited to maritime
settings alone and thus have also been extensively edpiathin the aviation industry
(Driskell & Mullen, 2005; Goode, 2003; Kellest al, 2018; Lee & Kim, 2018; Morris,

Wiedbusch, & Gunzelmann, 2018; Neville, Bisson, French, Bo8$t&m, 1994).

1.7.3: Aviation fatigue

It is estimated that approximately 70 per cent of all awiasiccidents can be attributed

to human factors (Rudari, Johnson, Geske, & Sperlak, 2016;H&n, Yang, & Ho,
2009). Nevilleet al (1994) found that lengthy work periods, reduced sleep, and shiftwork
were associated with highfatigue levels as well as an association between fatigde
pilot error. Conversely, Pellegrino and Marqueze (2019) iileshthat self-perception of
insufficient sleep increases perceptioh fatigue. In other words, if a shift worker
personally believed (s)he did not get sufficient sleep, thershift worker is more likely

to express symptoms of fatigue. Therefore, within the awiatmolustry, shiftwork,

insufficient rest, and poor sleep quality were factors contniputo fatigue and
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performance degradation (Kellest al, 2018) Despite serious fatigue related safety
concerns in the aviation industry, there are no testfafgue either before or after

safety accident (Goo¢2003)

An examination of Aviation Safety Action Program (ASARports from the aviation
industry identified that fatigue was a contributing factor afety incidents whereby
aircraft operation violations were the most cited consecgeeof fatigue as well as fatigue
being almost twice as likely to be reported as a secondtdmgrithan primary contributing
factor (Morris, Wiedbusch, & Gunzelmann, 2018). Researchmewag fatigue in
commercial aircraft pilots identified a discernible pattef increased probability of a

safety accident occurring as shift duration increased (GQOd3).

Lee and Kim (2018) identified that psychological and physiolgiecline, as well as
rest failings, were risk factors that affected pilot fatiguieich can be even further broken
down into seven independent variables i.e., flight dioecttrew scheduling, partnership,
aircraft environment, job assignment, ethnic differenaed hotel environment.
Conversely, there are also concerns that the schedulipgot$ diagrams can lead to
fatigue, which inevitably increases the changes of an awiatioident occurring (Goode,
2003). Nevertheless, Driskell and Mullen (2005) argue that thefibeof napping in the
aviation industry could provide an effective fatigue counsasue. Extensive research
has shown that fatigus also a major concern withthe rail industry (Dorriarat al.,
2011; Dunn & Williamson, 2012; Cotrimt al., 2017; Harma, Sallinen, Ranta, Mutanen,

& Muller, 2002; Korunka, Kubicek, Prem, & Cvitan, 2012; Tsao, ri¢ha& Ma, 2017).

1.7.4:Railway fatigue
Fatigue is a frequent problem in the railway industry dueregudar shift schedules
(Harmaet al, 2002) Most notably, it was identified that fatigue caused by extrem

overtime by the train driver was a contributory factothe 1988 Clapham Junction
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collision, which killed 35 people (RSSB, 2012). Within the lastyg@rs, the Rail
Accident Investigation Branch (RAIB) investigated andaoded that fatigue played a
key role in some of the highest profile rail incident&ireat Britain (Bowler & Gibson,
2015). As a result, failure to manage fatigue in the rail industopgsty can have

disastrous consequences, as evident from the followindeints:

Date Incident Location

09.02.2006 Derailment of the freight train ~ Melton Mbray
26.04.2008 Freight train collision Leigh-on-Sea
10.10.2008 Derailment of two locomotives  East Somedsmction
17.08.2010 Uncontrolled freight train Between Shagol debay

Note:Adapted from Bowler and Gibson (2015)

Data from the Federal Railroad Administration (FRA, 201&3 identified that in 2015
alone, there were a total of 1,874 train accidents, in winchan factors accounted for
735 of all train accidents, representing a significant 3&eet contribution. However, it
is important to note that these figures are based onrdateonly a few train companies
that operate in the United Statésntrak, BNSF Railway Co.; Canadian Nationgorth
America; Canadian Pacific Railway Co.; CSX Transpama Kansas City Southern
Railway Co.; Norfolk Southern Corporation; and Union Ra&lailroad Company (FRA,
2015). Therefore, these figures may not be an actual ezppeg®n of the severity of the
situation, and thus may be a relatively conservatitimate of the actual total number of
train accidents, including those caused by human factéhe iUnited States. As a result,
the understanding of human factors within the rail industigecoming significantly
prominent (Balfe, Sharples, & Wilson, 2018; Madigan, Golight Madders, 2016;
Naghiyev, Sharples, Ryan, Coplestone, & Carey, 2017; ScRyeak, Wilson, Clarke, &
Sharples, 2010).When looking at statistics within the Urifieddom alone, Bowler and
Gibson (2015) have examined high risk fatigue-related raitaésty incidents and found
a total of 246 fatigue-related safety incidents, in which 53.& @etr were Signal Passed

at Danger (SPAD). As a result of devastating incidentgutand loss of sleep have
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been globally recognised as a major fundamental satetgecn in the rail industry
(Edkins & Pollock, 1997), with serious costs and implicatiorth Isocialy (Bowler &

Gibson, 2015; RSSB, 201and economically (e.g., Lauber & Kayten, 1988)

Dorrianat al. (2011) investigated the effects of shiftwork on levels aféet and found
a significant influence of sleep length, wakefulness, wdoration, and workloadCotrim
et al (2017) identified that there was a high prevalence opsless among railway
control centre staff during the night shift. Similar resuiere also found from Harned
al. 1¥2002) studywhich outlined that self-reported sleepiness levels winenpared to
day shift were 6x14 times higher for night shift and about twice as higtihénmorning
shift. These findings are not too surprising when consideringnigat shift leads to
disruptions in the natural circadian rhythm (Loudoun & Al2008) However, Korunka,
Kubicek, Prem and Cvitan (2012) demonstrated that railwayaltens' levels of fatigue
while on shift were not only influenced by the quality of regokeethe shift, but also by
the shift onset perceived workload during the shift. Howeverydhpective roles and

responsibilities of railway controllers and train drivare significantly different.

Tsao, Chang and Ma (2017) stated that fatigue levels for dravers were directly
influenced by working overtime and insufficient rest. Darri®Roach, Fletcher and
Dawson (2007) found that as fatigue levels in train drivers asee, extreme spee
violations (i.e., 25 per cent above the track sectiort)liamid penalty brake applications
(automatic vigilance systems) were recordedKLFK DUH WKH $XVWUDOLDQ
8QLWHG .LQJGRPYV 7UDLQ 3URWHFWLR R PDWaityJ 6\VW
System (AWS), respectively (see RSSB, 2015a, for reviewgweder, Kazemi,
Mazloumi, Saraji and Barideh (2016) identified that theese similar reported fatigue

and workload levels in train drivers after completingharshaul trip (i.e., ~150 miles)

and a long-haul trip (i.e., ~560 miles). However, both tyf¢aps differed significantly

in terms of shift duration, consecutive driving hours, amounesif and also the number
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of train drivers in the cab. Nevertheless, Darwent, Lradrand Dawson (2008) found that
train drivers incurred a significant cumulative loss leep throughout the duration of
operating the unit (i.e., train). However, despite theudative loss of sleep, train drivers
were able to sustain vigilance performance. Nonethelessmp@rtant to highlight that

only ten train drivers completed Darwesttal. § (2008) study.

Dunn and Williamson (2012) identified that the combination of nmmpand low task
demands had a serious detrimental effect on performémcentrast, it was also found
that with just minor increases in train driver's cognitieenand, such changes were able
to significantly mitigate the adverse monotony-related effeoh performance.
Nevertheless, research from within the rail industry dracse again identified that the
ability to integrate the coping strategy of napping beforencenting shiftwork has been
shown to benefit train crew from the ill effects ofidate (Darwent, Dawson, Paterson,

Roach, & Ferguson, 2015; Jay, Dawson, Ferguson, & Lamond, 2008).

Dorrian, Lamond, Kozuchowski and Dawson (2008) investigated wheathew device
designed to detect lowered states of arousal using electraldactivity (EDA), would
be sufficiently sensitive at detecting sleepiness andulatievels on train drivers while
on a train driving simulator. In their study it was found that 10-minutes psychomotor
vigilance task (10-min PVT) and subjective measures indicategtase levels of
sleepiness and fatigue during sustained wakefulness. However, lthgrbeen little
research within the rail industry that has investigateguatusing objective measurds.
preliminary review of fatigue among railway staff carried byt~an and Smith (2018)
identified that there were only three studies withinrtieindustry that have investigated
fatigue using objective measures, such as the 10-min psychovigpkance task (10-min
PVT) (Dorrian, Roach, Fletcher, & Dawson, 2007; Dormdral, 2008) as well as the
Fatigue Audit Interdyne (FAID) software (Darweet al, 2015; Dorrian, Hussey, &

Dawson, 2007). A comprehensive review of the 10-min PVT cafoured in Evans,
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Harborne and Smith (2019) while an overview of the FAID cafobed in Dawson and
Fletcher (2001). Smith and Smith (2017a) have outlined thatrata Trains Wales
(ATW), workload measures in frontline safety critical woskelo not address human

mental workload.

1.7.5:Collaboration with Arriva Trains Wales (ATW)

Fan and Smith (2017a) identified that Arriva Trains WakeBW) staff, high workload
levels resulted in higher self-reported levels ofgiai In contrast, Smith and Smith
(2017b) argued that noise levels significantly reduced well-beingng ATW staff.
However, research carried out by Fan and Smith (2017b) fouhdATW staff who
perceived that they had high levels of support and contymdrted better work-life

balance and an increased sense of well-being.

Previous research carried out at ATW identified that edewbrkload and working
overtime e.g., during rest days were a contributing facwards fatigue (Fan & Smith,
2019). In addition, Fan and Smith (2019) also explored thrediqtors of fatigue;
physical, mental, and emotional. Inigtstudy it was identified that physical fatigue
resulted from shiftwork and insufficient time to recowdrile working, while mental and
emotional fatigue was due to inadequately prepared shift psttarcluding poor
scheduling as well as working extra shifts before assignesl aifn However, 42.6 per
cent of the sample surveyed (managers and administettifhworked typical working
hours i.e., 09:00 - 17:00, while the remaining 57.4 per cent (triaierdytrain guards and
station staff) were shift workers. Kelley al. (2018) identified that inconsistent shiftwork,
insufficient rest, and poor sleep quality were factors cartirij to fatigue and
performance degradation. Therefore, there is a clead t@ consider the distinction
between what can be concluded from shift workers (i.an thavers, train guards and

station staff) and non-shift workers (i.e., managers atchinistration staff), since
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interpretations of analyses were made on role chaisteterthat are prominent on shift
workers and less likely on non-shift workers, e.g., poorlynged shift and poor timing
of shifts, which are predominantly experienced by frontlirietgaritical workers in the
rail industry who are constrained by the operating timetaihdeoperational need of the

Train Operating Company (TOC).

Fan and Smith (2017a) investigated the impact of workload aigdi¢abn performance

at ATW staff and found an association between fatigue arciped levels of stress at
work, poor performance, negative work-life balance, and thnegavell-being. It is
important to note that in this study the most common jpbswere; guards, train drivers,
and station workers. Close examinatafrthe data sample revealed that 38.5 per cent of
the establishment (i.e., total number of train driveosethe franchise) were successfully
recruited to take part in this study. In contrast, Smitth &mith (2017a) investigated
ATW guards' workload and fatigue levels and found that wodkifma train guards
increased over the working week as well as identifying that watki@e correlated with
levels of fatigue. These levels of fatigue were in tusoamted with higher score from
the Healthands DIHW\ ([HFXWLYHYV +6( )DWLJXHHbWewet, ,QGH |
further exploration of the data revealed that train gufisldep durations did not correlate
with levels of workload, effort and fatigue. Nevertheldatigue index (FI) scores were
predicted by train guardisleep duration but not workload or by self-reported fatigue

levels.

1.8: Research questions and objectives

The impact of workload on fatigue have been extensivelymeated in the literature as
well as the consequences of fatigue and safety incidEatsfrontline safety critical
workers, fatigue has been found to be a continwougoing problem. As a resulthe

objective biomathematical models (BMMs) of fatigue ethpe Health and Safety
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Executive (HSE) Fatigue Risk Index (FRI) calculator (seep@dr 2, for review) were
developed to effectively monitor as well as prevent fatigelated safety incidents.
However, determining whetha/ KH + 6 ( T Y¢ulebar & BTW is an effective objective
indicator of fatigue have yet to be explorétbreover, WKH +6(fV )5, isllaeéF XOD W
onpre-defined parameters i.e., short-term fatigue; time yfstaft duration, rest period,
and breaks, as well as the build-up in fatighat is associated with the continual
disruption of sleep and the time required to recover fitmerperiod of sleep. Therefore,
WKH +6(fV )&or fald@d-tdke into account other external factoeg tould
contribute towards fatigue beyond the work-related fadf@igs, working hours, resting
period, intensity of tasks, commuting time, etc.), akndividual factors (e.difestyle,
age, diet, stress levels, medical conditions, drugs aoballase, etc.) and environmental
factors both external to work (e,.gamily circumstances, domestic responsibilities, sleep
environment, etg.and internal to work (e.gunit condition, track condition, breakroom
facilities, napping facilities, weather conditions, etelpwever, studies of the various
individual and environmental factors that could intensifygizilevels, have been widely
documented in the literature as discussed previously. Nevesstethnographic research
that exploesthe environmental factors that could contribute towardguatrom within
the cab environmenh frontline safety critical train drivers has yet todaeried out As

a result, there is a clear neteddentify some of the external environmental factoed th
could contribute towards safety incidents when fatigued, &ydakearcher engaging in
extensive in-cab observations using ethnography. Furtherrecbssaalso neest to
determine whether an alternative objective indicatdiabfue could be developed and
validated to support the Fatigue Risk Management System (FRMS)W. Therefore,
the thesis is aimed at developing and validating an otgeatdicator of fatigue for

frontline safety critical workers.
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1.8.1:Objective 1 Health and 6 DIHW\ ([HF X W LFétigdevRisk tflex (FRI)
calculator used at Arriva Trains Wales (ATW)

As previously emphasisethiling to effectively monitor or manage occupational fatigue

in frontline safety critical workers kia been shown to result in devastating consequences
Whether these manifest into major safety incidents health related diseases
occupational fatigue has been shown to dramatically impequst the frontline safety
critical workers but also the social and economic .coserefore, it is crucial to
investigate the effectiveness of the Health &B IHW\ ([HF X W Eatigu® \Risk+ 6 (
Index (FRI) calculatorX VHG DW $UULYD 7UDLQV :DOHNJXH 75:L\D\WV
Management System (FRMS) for monitoring and managingtysafcidents in which
fatigue could have been a contributing factor. As altiethe first objective set out to

answer two fundamental questions:

1. The aim of the first study is to investigate whethergtesent biomathematical
PRGHO %00 IRU DVVHVVLQJ WU I¥riya GrainsYValds/  OH®
(ATW) i.e., the Health and D IH W\ ([ 4 FBSB) IFEtigye Risk Index (FRI)
calculator related to the number of safety incidentshich fatigue could have

been a contributing factor.

2. The aim of the second study was to investigate whe#seriating train drivers
from working on their assigned rest days based on a Hgtuvaturring
intervention reduced the number of safety incidentshiclvfatigue could have

been a contributing factor.

1.8.2:Objective 2 Pre-unit mobilisation procedures and checks, as well as in-cab
observations

One of the biggest limitations of Health a6 | H W\ ([ H F X WHaWdgdd] Risk iel¢x
(FRI) calculator is that it fails to take into account otlaigtie-related factors beyond

the work-related factors, such as individual factors amdr@enmental factors both
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external to work and internal to work. Therefore, explpthe environmental factors that
could contribute towards fatigue from within the train inalwould provide valuable
insights. As a result, the second objective setstoutlentify some of the external
environmental factors that could contribute towards safetidénts when fatigued,

through ethnograpt research based on extensive in-cab observations.

1.8.3:Objective 3: Developing and validating an alternative online objective mobile
indicator of fatigue

In a controlled laboratory setting, the human Psychomdigitance Task (PVT) has

EHFRPH WKH ZLGHO\ DFFHSWHG pJROGKNWPQSOBWGHKI

deprivation on human cognitive neurobehavioral performamcenonitoring temporal
dynamic changes in attention. The aim of this studg isse the time{f-day and time-
ontask effect to replicate and validate whether tharatese online mobile version of
WKH pJROG MiWUDe@8/Enomdipr Vigilance Task (10-min PVT) i.e., online 10
minute mobile Psychomotor Vigilance Task (online 10-min m-P&Id whether it could

be used to provide an objective indicator of fatiguontline safety critical workers.

1.8.4:Objective 4: Investigating a shorter mobile version of the online 10-m m-
PVT i.e., online 5-min m-PVT as an objective indicator of simulated wddoad
fatigue

The aim of this study is to investigate whether a shortdsilmversion of the online 10-
minute mobile Psychomotor Vigilance Task (online 10-min m-P\A.) online 5-min

m-PVT could be used to provide an objective indicator of siradlatorkload fatigue.

1.8.5:Objective 5 Developing and validating an offline iOS mobile app version of
the online 10-min m-PVT i.e., offline 10-min m-PVT for frontline safety critical
workers

The aim of this study is to develop and validate an altesnatifline IOS mobile app

version of the online 10-minute mobile Psychomotor VigilanaskT(online 10-min m-
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PVT) i.e., offline 10-minute mobile Psychomotor Vigilance TasKlif@ 10-min m-

PVT) to detect levels of fatigue for frontline safetyicat workers.

1.9: Chapter summary

The aim of this chapter was to provide an overvavoccupational fatigue within the
content of the transport industry as well as to identifyeqsting gaps in the literature.

The next chapter reviews th KHRUHWLFDO IUDPHZRUN RI WKH +HD
(HSE) Fatigue Risk Index (FRI) calculator used at Arrivarig&Vales (ATW) as part of

their Fatigue Risk Management System (FRMS) to monitdmaanage fatigue leveils

frontline safety critical workers.
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Chapter 2: Theoretical framework and rationale of the Health and
6DIHW\ ([HFXW LFatiyfje/Risk hdex (FRI) calculator used at
Arriva Trains Wales (ATW)

2.1: Overview of chapter

The aim of this chaptes to provide the literature and theoretical framework otHbalth
DQG 6DIHW\ ([HF xatigu® RigkMndexq[fRI) calculator used at Arriva Trains
Wales (ATW) as part of their Fatigue Risk Managemente®ygFRMS) to monitor and

manage fatigue leveln frontline safety critical workes.

2.2: UK rail regulations

After the 1992 General Election, the Prime Minister ef tmited Kingdom and Leader

of the Conservative Party Sir John Major proposed thatwation of the British Rail.

The Railways Act of 1993 was published on 22 January 1993, whiokadiled the
integrated British Rail (Bowman, 2015), and provided, for dppointment by the
Secretary of State for Transport John MacGregor, aiceoto be NQRZQ DV uWKH
5HJ X O@BitcReld 2016). The Railways (Safety Critical Work) Ragahs 1994 was
introduced to address potential risks arising from the feagation of the industry
following privatisation (Spencer, Robertson, & Folkard, 20062000, Part IV of The
Transport Act 2000 strengthened the power of the Rail Regutataequire the
improvement and development of the railway (Butcher, 204%: dy establishing the

Strategic Rail Authority (SRA) with the main purpose:
X fo promote the use of the railway network for the carriage of passengers and goods;
X to secure the development of the railway network; and

X to contribute to the development of an integrated system of transport of passengers
and goodsf

However, in 2004, the Rail Regulator was replaced with theddf Rail Regulation
(ORR) under Part 2 of the Railway artlUDQVSRUW 6DIHW\ $FW WR

existing structure while still recognising that there will ®atinued need for some form
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RI LOGHSHQGHOQW H RBuRRP 202616} Mxreéober inh RODJ| Part 1 of the
Railways Act 2005 was introduced to transfer consumer protefttnctions of the SRA
to the ORR as well as safety functions conferred by thdthiHaad Safety Executive
(HSE), despite oppositions worrying that the transfer coulchpatly increase the safety
risk on the railway (Butcher, 2016). In 2015, new road netyoxkers were introduced
to the ORR and consequently the Office of Rail Reguiai@RR) became the Office of

Rail and Road (retaining the acronym OHRFitcher, 2016).

At present, the Office of Rail and Road (ORR) is the pashelent economic and safety
regulator for England, Wales, and Scotland (Butcher, 201basufrom the start of 2017,
the economic regulator for Northern Ireland (ORR, 201Vkg. train industry funds the
ORR, with an estimated annual budget of around £30 million (QBR7a). The budget
is used to support the following rail regulatory work (Butc2éx1.6: 3.

X regulates Network Rail and High Speed 1 (i.e., the Chanmeiel Rail Link

(CTRL);
X regulates health and safety standards and compliances élseoshole rall

industry; and
X oversees competition and consumer rights issues.

2.3:0riginal +HDOWK DQG 6DIHW\ (FafiGus WdeX (FIJ V  +6 (

The original Fatigue Index (FI) was commissioned by thelthieand Safety Executive
(HSE) and was carried out by the Defence Evaluation andaRéségency (DERA)
Centre for Human Science (CHS) to validate and develop &ctolgy biomathemata
model (BMM) for assessing risks arising from fatigue thas @ssociated with rotating
shift patterns for shift workers involved in safety-critivadrk (see Rogers, Spencer, &
Stone, 1999, for review). In addition, the original FI alsovesg as a tool to provide
guidance in support of the Railway (Safety Critical Workyations 1994 (Spencet

al., 2006).
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The original FI was developed as an objective BMM of fatigukich involved the
calculations of various components, with the intentionprovide the professional
rostering team of safety critical workers with an assgent tool for the changes in work
pattern (Spenceet al, 2006). In addition, the original FI was also used to determ
whether any specific element of the work pattern was likelycontribute towards
increased levels of fatigue (Spenegral, 2006). A final report was produced after two
years of research, which highlighted the initial assessmiethe index, whereby the
strengths and weaknesses of the procedure were identifilesved by data collection

(Rogerset al, 1999). Figure 3 outlines the original procedure carried o@Hfy.

[ Industry Selectior]

[ Collection of Daté

Initial Evaluation
of Fatigue Index Data Evaluation]
(Version 1)

CHS Laboratory Experiments]

/ CHS Field Trails |

_ Shiftwork Study |
Collection of
Information

| Review of the Scientific Literatuﬂ

\ Questionnaire Study ]

Accident/Incident Reports ]

]<:

Development of
Fatigue Index
(Version 2)

i

N
Refined Fatigue ‘_-
oot

Figure 3: Flow chart of the Centre for Human Science (CHBk wrogramme, Adapted from (Rogets
al., 1999)

According to Rogerst al (1999), after consultations with representatives fuamous

industriesa revised version was finally produced. The original Fatigdex (FI) version
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2 included five factors (i.e., time of day, shift durati@stmperiod, breaks and cumulative
fatigue), which were known to be related to the build-up of fatigae Figure 4). Each

factor was assessed independently and added together to giveralhiodex score for

the shift pattern. In terms of how the original Fl vens2 was calculated, factors F1, F2,

F3, and F4 assessed the short-term fatigue for eachdadhshift within the roster, while

F5 assessed thexctPXODWLYH IDWLJXH WKURXJKRXWUMWLKH HP
pattern (Rogeret al, 1999). More accurately, the cumulative fatigue compo(Eest

was developed to represent as simply as possible the buildfapgue levels, which

were associated with the continual disruption of sleggetteer with the time that was
required to be able to fully recover from that specifidqueof disruption (Rogeret al,

1999).

4 )

Factor 1

Time of Day
-—

Factor 2

Shift Duration
—

Factor 3

Rest Period
Short-Term —
Fatigue
- Factor 4
Fatlgue Breaks
Index (FI) \_J j
Cumulative
Fatigue ( Factor 5
T

he build up in fatigue associated wit
the continual disruption of sleep.

The time required to recover from such
period of sleep.

Figure 4: The five factors of the original fatigue indeX version 2, Adapted from (Rogegsal, 1999)
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According to Spenceat al (2006), the original Fl had been widely used by the eatics
as well as being utilised in other areas within the British im@isector. Kenvyn (2007)
outlined that Network Rail had utilised the original FI a®al by their investigations
team to review the working hours of train drivers in thgsdareceding safety critical
incidents. Moreover, the original FI had also been uséld tnain driver interviews to
identify whether fatigue was likely to have been a continigufactor towards the safety
critical incident (Kenvyn2007) However, Spenceet al (2006) pointed out that there
were various issues that had been identified with thenatigatigue index (FI), which
resulted in the requirement for the original FI to based. Firstly, it was identified that
the original FI was not suitable for long patterns of nigifittwork (Kenvyn, 2007)
Secondly, the original FI did not consider factors olgsf the workplace that could
contribute towards levels of fatigue (Kenvyn, 20053 a result, the Health and Safety
Executive (HSE) once again commissioned an update of thealrFl, under contract

number 6062 (see Spenadral, 2006, for review).

2.4: +HDOWK DQG 6DIHW\ (Fadigué RiskYndek\(FR¥ 64lculator

The contract was carried out by QinetiQ, who were previouslykras the Defence
Evaluation and Research Agency (DERA) in collaboratioith wsimon Folkard
Associates (SFASpenceret al, 2006). The new biomathematical fatigue index (FI)
model is related to the amount of sleep lost that is liteelye associated with the pattern
of work and rest (Spencet al, 2006). Therefore, the new FI component was established
through two relationships; the relationship between the patfeduty and sleep and the
relationship between the impact of any loss of sleegw#ld of fatigue (Spencet al,

2006.

Apart from the subjective rating of workload and attenttbe, new Fl is based on data

that are more objective, which allows the various shiftvasrkngements, and rotas to be
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easily compared (Stanton, Salmon, Jenkins, & Walker, 20L@refore, the new
biomathematical model (BMM) version of the index include tseparate indices to
produce two unique scores the fatigue index (Fl), and thendeix (RI) (Stantoret al,
2010). Spenceet al (2009 outlined that the main difference between the FI andRthe
is related to the effect of time of day, whereby the pedttigue occurs around 5am,
while the peak in risk occurs close to midnight. As a rethdtoriginal FI was updated
and renamed to the Health and Safé¢tyH F X W LY H fatigue 6Risk Index (FRI)
calculator, as it was found that there were indeed caladi#edifferences between the
trends in fatigue related to patterns of work and the sinmdads in risk (Spencest al,
2006). As a result, the HSERI BMM was designed to assess the level of fatigue
experienced by shift workers based on a set of parametemslative effects; duty timing;
and job type / breaks (see Figurge bherefore, to ensure the HSE FRI calculator is
utilised correctly, tLV YLWDO WR HQVXUH WKDW ZKHQ \DQ LQ

examined that both the FI and RI are reviewed (Spestcar, 200§.

| Fatigue Risk Index (FRI) Componehts

|

Cumulative Effect Component )

This relates to the way in which individual dutyripes or shifts are put together
to form a complete schedule. The cumulative comparesssociated with a

particular shift depends on the pattern of work imdiately preceding that shift.

¥

Duty Timing Component
A component associated with duty timing, i.e. tHéeet of start time, shift length
and the time of day throughout the shift.

N

J

Job Type / Breaks Component
This relates to the content of the shift, in terrakthe activity being undertaken
and the provision of breaks during the shift.

Figure5 +HDOWK DQG 6D IHW\Fgfigue RidkLLndek{/RRI1) eddulator components, adapted
from Spenceet al (2006)
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2.4.1:Interpretation ofthe +HDOWK DQG 6DIHW)\ (Hatigug Ridk YnHefkV ~ + 6 (
(FRI) calculator biomathematical model (BMM)

When interpreting thet HDOW K DQG 6DIHW)\ K4tidireXREK vides WFRIX 6 (
calculator biomathematical model (BMM) output, ite fatigue index (FI) scores and
risk index (RI) scores, it is important that the scdoeseach shift are considered, rather
than the average scores over a schedule. The HSEc&&llator within CrewPlan
calculates the average scores over a specified peiedefdre, there needs to be a level

of caution when extracting the information.

2.4.1.1:Interpretation of the Fatigue Index (FI)

The following equation was developed to calculate thguatindex (FI) score (Spencer

et al, 2006):

2.4.1.2:The Fatigue Index (FI) equation:

Lsrr<skFF ;'sF F;=
Where by:
C = the cumulative fatigue component;

T = the duty timing component;
J = the job type / breaks component.

The FI value is based on a score between 0-100, which eepseke average probability
expressed as a percentage of high levels of sleepinsmsceet al, 2006). The Fl score
represents the level of fatigue as a percentage thahployee will experience if (s)he
completes the allocated weekly roster. A value of 20.isponds to the average from a
4-day working roster (i.e., Day shift, Day shift, Night shiight shift, Rest day, Rest
day, Rest day, and Rest day) pattern, assuming typicalsvedu¢he job type / breaks
factor (Spenceet al, 2006). For example, imagine an employee was schetiuledrk

a typical weekly roster that generated a Fl score oA%ore of 50 on the Fl represents
a 50 per cent chance of employees achieving a Karolinskpiigsdes Score (KSS) of 8

or 9 (see, Akerstedt & Gillberg, 1990, for review). The KS& fisne-point scale ranging
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from one (extremely alert) to nine (extremely sleepghting sleep). It has been
extensively validated (Harnmet al, 2006; Kaidaet al, 2006; Loet al, 2012; Sagaspst
al., 2008) and provides an adequate substitute for direct physalageasurement
(Brown, Wieroney, Blair, & Zhu, 2014). In other words, B@ore of 45 is obtained for a
particular shift then the HSE FRI calculator represemtd5 per cent chance of
experiencing high levels of fatigue and that the employaald also stuggle by 45 per
cent to stay awake during that particular shift (Bowler &gen, 2015). However, it is
important to highlight that since the FI value is cumuigtithis means that for every
additional working day the employee completes, their peage of experiencing higher
levels of fatigue would also incrementally increase. Aditg to Stantoret al (2010), a

FI score of 45 or below represents good practice withimaihédustry (Bell, 2008), as
well as working to reduce the risk of fatigue @K rail operators (ORR, 2012). However,
Rangan and van Dongen (2013) argue that what is deemed to d&gtabte or
unacceptable levels of fatigue using biomathematical md@MM) output depends
purely on where the threshold lireedrawn. Therefore, Sommg, Hayward and Cabon
(2016) have outlined that BMM should not be used in isolation to make important
decisions, as there ane agreedfhresholddgfor the HSE FRI calculator. Hursh and van
Dongen (2010) have pointed out that advances in BM#i fatigue have facilitated
systematic investigations of issues in the context@fatigue Risk Management System
(FRMS). Therefore, caution on both the FI and RI thoshshould be taken as these are
but one component of the FRMS for effectively assedsivels of fatigue (ORR, 201kha
According to Sadeghniiat-Haghighi and Yazdi (2015), the FRMS isngp@hensive
approach that is based on applying scientific evidence of &le®pledge to manage
workers fatigue. Caldwell, Caldwell, Thompson and Lieberman (288§ that the
FRMS is quickly being adopted by the transportation industiti), the Federal Aviation

Administration (FAA) in the US proactively encouraging thdirees to establish an
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effective science-based fatigue risk management progeatdowevelU W KHraB .V
industry has already been adoptmgcience-based FRMS for almost a decade (ORR,

2012; RSSB, 2012).

2.4.1.3:Interpretation of the Risk Index (FI)
The following equation was developed to calculate the rigéxr{RI) score (Spencet

al., 2006):

2.4.1.4:The Risk Index (RI) equation:

Whereby:
C = the cumulative fatigue component;
T = the duty timing component;
J = the job type / breaks component.

The risk index (RI) calculator functions by comparing tsiifts. A base shift pattern is
given a value of 1.0, which is based on the average levelssikf of an accident occurring
or the error attained from previous studies, which examinedvthrking patterns of
employees who completed 12 hour shifts on a 2 day, 2 nigh#taest day schedule
within the rail industry (Bowler & Gibson, 2015). In otheonds, a risk score of 1.0 is
based on the average level of risk of accident/erronatian studies on people working
12 hour shifts on that 2 day, 2 night, 4 rest day scheduleeinail sector. Therefore, a
risk score of 1.6 would be an increase of 60 per cent loforsthat particular shift
schedule. It is important to highlight that in order to @ffeely use the RI calculator,
businesses need to determine the level of risk that itidistry considers acceptable
based on the type of work being carried out as well as svactually doing the work, in
terms of their mastery (Bowler & Gibson, 2015). For exampthe work is safety critical
then the business may decide a risk score beyond a tlitesbold be unacceptable

(Bowler & Gibson, 2015). According to Stantenal (2010), a RI score of 1.6 or below
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represents good practice within the rail industry (Bell, 20@8)yell as working to reduce
the risk of fatigue for UK rail operators (ORR, 2012). Howewece again (as previously
outlined), the biomathematics models should not be uselation to make important
decisions, as there ame agreedthresholdgfor the HSE FRI calculator (Somvagagal.,
2016). Therefore, caution on both the FI and RI threishshould be taken as these are

but one component of the FRMS in assessing fatigue (QREG3.

242: +HDOWK DQG 6DIHW\ (pHdtgXeWRisk khdflex (FRRB (calculator
assessment

The Health and Saf&\ ([HFXW LY H@tigue HRisk Index (FRI) calculator
biomathematical model (BMM) allows the end user to estindardised values such as
commuting time, type of job workload, type of job attentiand breaks (see Figure 6).
These values serve as the building block parameterssfét$ FRI calculator to be able
to generate scores, which are used for determining the ai@dad of the cumulative
effect component, duty timing component, and job typedkboemponent.

Defaults =5
Fatigue / Risk Assessment

Commuting Time Breaks

What is the typical commuting time of employees to OR from Ho\fv flrlequent_lg (éootget nkear?est 13 mins) are rest breaks
work (to the nearest 10 minutes): typically provide =k

About[ o | hours |40 <jmins Every [3 2] hours [ Zjmins
(Please spedify the typical commuting time) (please spedfy the typical interval between breaks)
. What is the typical average length of these breaks (to the
Type of Job: Workload nearest 5 minutes) that are provided or taken?
The workload and/or work pace of the job is typically: ’U_ i‘ T l?jlmiﬂs
Extremely demanding, no spare capacity. r (please spedfy the average length of breaks)
Moderately demanding, little spare capacity. ~ # What is typically the longest (to the nearest 15mins)
Moderately undemanding, some spare p period of continuous work before a break?
capacity. [6 i‘ hours lg_ilmins
Extremely undemanding, lots of spare capacity. {please specify the longest period between breaks)

What is typically the length of the break taken after this

Type of Job: Attention
P longest period of continuous work (to the nearest 5

The job typically requires continuous attention

minutes)?
All or nearly all the time o
Most of the time 8 0 j hours | 30 jmlns
{please spedfy the length of the break following the longest period
Some of the time g s
Rarely or nearly none of the time “

NB Please note that the answers you provide above will be set as the "default’ for the entire work schedule, but that you can alter the value(s)
for any given duty if appropriate.

CAMNCEL

Figure 6 +HDOWK DQG 6D IHW\Fgfigue RidkLLndek{RRI) eddulator assessment

37



2.5: Safety incidents in which fatigue could be a contributing factor

Frontline safety critical workers such as train driveeguire extensive periods of
prolonged concentration and an ability to recall signifiogueintities of continuously
updated and revised information, as well as an ability to futigerstand the various
traction and route knowledge variations in order to safelyabs@ethe unit which
transports passengers to their destinations. Section didesisome of the information
that train drivers must absorb and retain prior to stattieg diagram scheduled sheet,
e.g., the Signal Passed at Danger (SPAD) notice casg, boa weekly operating notice
booklet, the late notice case board, tednew notice case board. Therefore, in order for
train drivers to be able to obtain a Category B train dgilicence under the Train Driving
Licences and Certificates Regulations 2010 (TDLCR), ag¢gairain driver will undergo
an extensive two years training programme that includes,isbutot limited to,
understanding the standards and rules of the mainline raslystgm, the Train Operating
&RPSDQ\YV 72& XQLTXH SURWR PR @idwlBd@es argiUréuteH G X U
learning/knowledge, etc. As a result, for this thesis/tireeat study, it was deemed
appropriate that the observer had discussions with thgpatonal safety manager, the
head of safety, and the head of resources at Arrivangrdéiales (ATW) to better
understand and identify safety incidents categories in wiatigue could be a
contributing factor when accounting for the extensive traimiagn drivers receive, as
ZHOO DV $7:V SHULRGLFDO DVNRNSMYW®&E® Based\bb DL Q
discussions, it was identified that in the most probadiiiety incident categorg fatigue
could be a contributing factor. As a result, five categowere identified in order of
severity; Signal Passed at Danger (SPAD), control systemTrain Protection Warning
System (TPWS) activation and Automatic Train Warning &ystAWS) slow to cancel,

and operational incidents i.e., failed to call and staticerrow (see Figure 7, for a visual
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breakdown). Below is a brief description of the five safecident categories that were

identified

Safety Critical Incidents

Fatigue Contributing Factor

Operational Incidents

Signal Passed at

TPWS Activation AWS Slow to cance Failed to call Station overrun

Danger (SPAD)

Figure 7: Safety incident group

2.5.1:Signal Passed at Danger (SPAD)

A signal passed at dangeor SPAD +occurs when a train goes past a red signal without
the authority of the signaller (RSSB, 2018a). It is imgairto point out that for the most
part, SPADs nowadays have little or no potential to cause harthey are a result of
train drivers misjudging distances whether due to individa&kion braking sensitivity
setup or low adhesion (e.g., leaves on the line), which usiemitis to occur at reduced
speed (RSSB, 2016a). In most cases, the trains will stopmitieih the safety overlap
route section, whether by the operating train drivethoough the Train Protection
Warning System (TPWS) intervention (see Section 2Lb.However, prior to the
integration of the TPWS in the early 2000s (RSSB, 2015BACS have been the
precursor to some of the most serious fatal train acadertistory, which happened in
Purley in 1989, Newton in 1991, Cowden in 1994, Watford in 1996, andusiheloin
1997. The last multi-fatality train accident as thaultesf a SPAD occurred in October
1999 at Ladbroke Grove (RSSB, 2018b), prior to the nationwidéeemgntation of the

TPWS (RSSB, 2015b). However, since the implementatitimeof PWS, there have been
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4 train collisions and more than 50 derailments caused by SP&h the notable near

miss incidents that occurred in 2015 at Wootton Bassett (REHEBD).

2.5.2:Control systems

Extensive discussions with the senior management teémiea Train Wales (ATW)
revealed that train drivers who may be experiencing lepa#ention due to fatigue are
potentially more likely to be involved in control systeragesy critical incidents such as
Train Protection Warning System (TPWS) activation andofatic Warning System
(AWS) slow to cancel. These two safety critical incidantsvhich fatigue could be a

contributing factor are outlined below.

2.5.2.1:Train Protection Warning System (TPWS) activation

The Train Protection Warning System (TPVg8e Figure 8, for a visual representation)

ZDV LPSOHPHQWHG DFURVV WKH 8QDWH® WHUIIGR PHD \
reduce the consequences of the safety critical incideghalgpassed at danger (SPAD

Moor, 2013). Widespread fitment of the TPWS began in early 20@0der to meet the

requirements of the Railway Safety Regulations 1999 BR3815b).

Figure 8: Train Protection Warning System (TPWS)

RSSB (2015b: 8), state that the purpose of TPWS is to stoginably automatically

initiating the brakes when a train has:

40



X passed a signal at danger without authority;

X approached a signal at danger too fast;

X approached a reduction in permissible speed too fast;
X approached buffer stops too fa$t.

It is important to highlight that according to RSSB (2015b) pilnpose of the TPWS is
not to prevent SPADs, but to reduce the likelihood of a sucfety saitical incident fran

occurring by preventing the unit from reaching a particular tpatead of the signal.
There are two types of TPWS, TPWS interventions an/§Rctivations. Both of these
types have their own unique definition and meaning, whichleaelyg defined in the rule

book. Moor (2013: 8) outlinestha KHVH WZR 73:671 W\SHV DUH GHILQ

a) u73:6 , QWHUYHQWLRQ
A TPWS intervention occurs when the TPWS applies the brakes in the absence of
(or prior to) the driver doing so. For example:
X Atrain starting against a TPWS-fitted signal at danger without authority will
result in aninterventionwhen the train passes the signal;
x A driver taking no action to apply the brake on approaching a signal at
danger and passing over the overspeed loops too quickly will also result in
anintervention

,Q VKRUW WKH VDIHW\ VA\VWHP pLQWHUYHQHVY LI
action.

b) TPWS Activation
This occurs when a driver has already applied the brakes before the TPWS
operates. For example:
x A driver might already be braking on the approach to a red signal, but still

passes over the overspeed sensor too quickly, resultingdotaation;
x If a train passes a TPWS-fitted signal at danger, despite having applied the
brakes in an attempt to stopig then anactivation results.

,Q VKRUW WKH VDIHW\ VA\VWHP uyDFWLYDWHVY WR |

2.5.2.2:Automatic Warning System (AWS) slow to cancel

7KH $XWRPDWLF :DUQLQJ 6\VWHP $:&HZOQLWHE HIRHIGW
rail network to provide train drivers with both an audia¢ewell as a visual indicator of
whether the distant signal was either clear (i.e.,njreeat caution (i.e., either yellow or

red RSSB, 2015b). Without going into the technical specificatafrithe various AWS
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equipment components installed on the track (see Figdoe 8,visual representation),
under the traction unit (i.e., AWS receiver), and inslte ¢ab (RSSB, 2015b), only a
brief description of what the train driver is requiredutly understand as well as their
responsibilities will be outlined. There are three detie AWS indicators inside the cab
(see Figure 10 +the AWS audible indicator, the AWS visual indicatondathe
AWS/TPWS acknowledgement button. If the train driver failsatknowledge the

AWS/TPWS acknowledgement button e.g., lapse in attention tduéatigue, an

emergency brake application will occur and be recorded @36 slow to cancel.

Automatic Warning System (AWS) Audible Indicator

The AWS audible indicator generates one of two

distinguishable sounds from all other audible cab

indications. These are:

F aclear indication (i.e., a bell sound or electoni
equivalent), or;

+ awarning indicator (i.e., a horn sound or election
equivalent).

Automatic Warning System (AWS) Visual Indicators
The AWS visual indicator displays one of two disitie
visual indications.

F The black indicatioradvises the driver that the
associated signal is showing a green aspedlbr
clear[ It also advises the driver that the audible
warning has not been acknowledged and, if not
acknowledged, the emergency brakes will be
applied (i.e., AWS activation) if the audible wami
has not been acknowledged by the driver within tw:

to three seconds.

Automatic Warning System/Train Protection WarningsSem (AWS/TPWS) Acknowledgement Button + The yellow and black indicatioadvises the driver
The Automatic Warning System/Train Protection Wagnsystem (AWS/TPWS) acknowledgement button is bged that a warning indication has been acknowledged.
the driver to acknowledge an AWS audible warnifignlAWS audible warning is not acknowledged bydtieer This serves as a reminder that a yellow caution
within two to three seconds an emergency brake aggtion will occur i.e., AWS slow to cancel. associated signal was shown to the driver.

Figure 10: Class 143 Automatic Warning System (AWS) layout, addppm RSSB (2015b: 6)
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2.5.2.2.1Automatic Warning System (AWS) audible indicator

The Automatic Warning System (AWS) audible indicator gdeeraone of two
distinguishable sounds from all other audible cab indinati®hese are a clear indication
(i.e., a bell sound or electronic equivalent), or a warmdgator (i.e., a horn sound or

electronic equivalenRSSB, 2015b).

2.5.2.2.2Automatic Warning System (AWS) visual indicators
The Automatic Warning System (AWS) visual indicator digglone of two distinctive

visual indications (RSSB, 2015b: 6). These are:

X [he black indication advises the driver that the associated signal is showing
D JUHHQ DVSHFWItRIt&b adbise©Othé OrikdD th§it the audible
warning has not been acknowledged and, if not acknowledged, the emergency
brakes will be applied (i.e., AWS activation) if the audible warning has not
been acknowledged by the train driver within two to three seconds.

x The yellow and black indication advises the driver that a warning indication
has been acknowledged. This serves as a reminder that a yellow caution

associated signal was shown to the train drier.

2.5.2.2.3Automatic Warning System/Train Protection Warning System (AWS/TPWS)
acknowledgement button

The Automatic Warning System/Train Protection Warning Sys(&wWS/TPWS)
acknowledgement button is used by the train driver to ackdgelan AWS audible
warning (RSSB, 2015b). If an AWS audible warning is not acknowledgetebtrain
driver within two to three seconds an emergency brake appficaill occur i.e., AWS

slow to cancel.

2.5.3: Operational incidents
Extensive discussions with the senior management te&miah Train Wales (ATW)
revealed that train drivers who may be experiencing leppadention due to fatigue are

potentially more likely to be involved in operational safattical incidents such as failed
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to call, and station overrun. These two safety criticeidents in which fatigue could be

a contributing factor are outlined below.

2.5.3.1:Failed to call

According to RSSB (2016b D IDLOHG WR FDOO LV D EIPRONXGH
station stopincas¢ ZKHUH WKH GULYHU KDV PDGH QR PHNM MP S
Trains Wales (ATW), several routes have request only oakdd station stops or
booked station stops that are diagram schedule sheet spgegifi station stop based on

the specific SDWLRQYTV WLPHWDEOH PD\ R QOU IVMWR/$BISRHDUDI
the same route within said hour. In other words, som@®ssahave far less frequently
booked station stops due to them being less busy as aatbeing smaller commuter
stations. According to RSSB (2010a), failed to call attzostaan have a negative impact

on safety, passenger journey and company business.

2.5.3.2:Station overrun

RSSB (2016b VWDWH WKDW D VWDWLR® RWUHIULWX DKILV KO @/ K
is attempting to bring to a stand at a station stop proceedsd#y® designated stopping
point such that any door(s) intended to be for passenget thsg atation is no longer on
WKH RSHUDWLRQDO ®MBIBIRUCH)JatddabtFoY el edt of station
overruns are due to error, which includes train drivéiser managerunit design and
manufacture errors, with the remaining 31 per cent beintribated to low adhesion or

a mixture between errors and low adhesion. The Arrivanbraiales (ATW) franchise
operates in routes that are known to have dense foliggeléaves falling on to the line).
Therefore, any lapse in attention or situation awaemkie to fatigue could result in
station overrun, whether due to low adhesion (e.g., leavebeotine) or non-booked
station stops (i.e., request only stops) and bookedststidps that are diagram schedule

sheet specific (see above section for clarification).
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2.6: Chapter summary

The aim of this chapter was to provide an overview of theentirFatigue Risk
Management System (FRMS) at Arriva Trains Wales (ATa&)well as to be able to
identify and provide an overview of the safety incidents Wexre deemed to be the most
serious in which fatigue could be a contributing facter, iSignal Passed at Danger
(SPAD), Train Protection & Warning System (TPWS) actaatiAutomatic Warning

System (AWS) slow to cancel, failed to call, and stationrove
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Chapter 3: Secondary analyses of large existing data
3.1: Overview of chapter

The previous chapter discussed Halth and6 D IHW \ ([HF X W Eafigl® Risk+ 6 (
,QGH[ )5, FDOFXODWRU IRU DV YRH V UThA dbjeetiv®dfhisG UL Y I
chapter is to investigate the effectiveness of the I®¥RI calculator used at Arriva
7UDLQV :D O Ha¢ fart@ftheir Fatigue Risk Management System (FRMS) for
monitoring and managing safety incidents in which fatigue doaNg been a contributing

factor. Chapter 3 aims to answer two fundamental questions:

1. The aim of the first study is to investigate whetherghesent biomathematical
PRGHO %00 IRU DVVHVVLQJ WUDW @Bl theYHSEIVY OH
FRI calculator relates to the number of safety incslemtwhich fatigue could

have been a contributing factor.

2. The aim of the second study is to investigate wheth#ratésg train drivers from
working on their assigned rest days reduced the number eify satidents in

which fatigue could have been a contributing factor.

3.2: Introduction and rationale

The Fatigue Risk Index (FRI) calculator was commissionechbyHealth and Safety
Executive (HSE) and developed as an objective biomatheinatimdel (BMM) to
represent as simply as possible the build-up of fatiguéslé®egers, Spencer, & Stone,
1999). The HSE FRI calculator relates to the amount of stestptHat is likely to be
associated with the pattern of work and rest (Spencéersmn, & Folkard, 2006). As a
result, the HSE FRI calculator was designed to assessviaf fatigue experienced by
shift workers based on a set of parameters: cumulatigetsffduty timing; and job type
/ breaks. To ensure the H§B/RI calculator is utilised correctly, it is vital toseme that

whenanindY LGXDOYV VKLIWZRUN SDWW fatigQe indexHEDRIL QH G
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risk index RI) scores are reviewed (Speneeal, 2006). Rangan and van Dongen (2013)
argue that what is deemed to be acceptable or unacceptedidedéfatigue or risk using

the HSEY ¥RI calculator output depends purely on where the thredinel is drawn.

Stantonet al (2010) state that a FI score of 45 or below or a Rl sabie6 or below
represents good practice within the rail industry, as veeNarking to reduce the risk of

fatigue for UK rail operators (ORR, 2014). However, Somvangwaday and Cabon

(2016) have outlined that the 6 ( {RRI calculator should not be used in isolation to
PDNH LPSRUWDQW GHFLVLRQV DG WK H#UXH VDR He@® VO C
(2010) have pointed out that advances in biomathematical nmgd@MM) of fatigue

has facilitated systematic investigations of issueshen ¢ontext of the fatigue risk
management system (FRMS). Therefore, caution on hetRltand RI thresholds should

be taken as these are but one component of the FRMSdatively assessing levels of

fatigue (ORR, 2016a). According to Sadeghniiat-Haghighi and Yazdi (205FRMS

is a comprehensive approach that is based on applying Bci@avidence of sleep
knowledge to manage workers fatigue. ATW have implemekiteH +6 (fV )5, FDOF X
into their scheduling systemCrewPlan - with the ainof effectively monitoring and

managing fatigue levela frontline safety critical workers.

3.3: Study 1

The aim of the first study is to investigate whetherghesent biomathematical model
%00 IRU DVVHYVYVLQeveWiSf@rigue abArv ArainsWaes (ATW) i.e.,
the HSEY MRI calculator, related to the number of safety indisl@nwhich fatigue could
have been a contributing factor i.e., Signal Pass@adagier (SPAD), Train Protection &
Warning System (TPWS) activation, Automatic Warning Sygt&wWS) slow to cancel,

failed to call, and station overrun.
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3.3.1:Methodology

3.3.1.1:Ethical approval

7KH VWXG\ UHFHLYHG HWKLFV DSSURWBOFVURRP&D W
(EC.16.06.14.4547). The study conformed to the seventh amendfiée Declaration
of Helsinki 1964 (World Medical Association, 2013) and was goadance with the Data

Protection Act 1998 and the General Data Protection ReguigGbPR).

3.3.1.2:Participants

Safety incident reports of 578 train drivers (550 men an@2@le) ranging in age from
24 +65 years oldNI = 47.13,SD = 7.30) were collected using the Safety Management
Information System (SMIS). On average, train driversdradng experience for 10 years

before their safety incident occurred.

3.3.1.3:Statistical analyses

,%0MV 6WDWLVWLFDO 3DFNDJHK6IRUHW Y HRER F LIDRQW OMDLAH DE
analyse the data. Three statistical procedures weredarut on the data; descriptive
analyses, cross tabulation, and chi-square test of indepe@ to examine the

relationships between independent variables.

3.3.1.4:Materials and procedure

All safety incident groups in which fatigue could have beeortributing factor were
extracted from SMIS. The safety incident types idettifvere; SPAD, TPWS activation,
AWS slow to cancel, failed to call, and station overrutsing ATWY \CrewPlan
scheduling system, train drivers fatigue index (FI) andindkx (RI) scores, as well as
other relevant roster information asextracted. CrewPlan went livé' June 2010. As a
result, this study only examined safety incident reports betw&elune 2010+ 31

December 2016.
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3.3.2:Results

A total of 901 safety incidents were recorded betwéghuhe 2010+31% December 2016
within the Safety Management Information System (SMF8om the 901 recorded safety
incidents, only the fatigue index (FI) scores and risk iné&xscores of 64.2 per cent (n
= 578) of train drivers were accessible for analy$¢sRP $UULYDTV VFKHGXC
CrewPlan (see Figure 1IJhe other 35.8 per ceof recorded safety incidents did not
contain sufficient information to be able to identife tinain driver. As can be seen from
Figure 11 35.6 per cent (n = 206) of all recorded safety incidents wiasssified as Train
Protection & Warning System (TPWS) activation, followlegt Automatic Warning
System (AWS) slow to cancel with 24.7 per cent (n = 1gt3jion overrun with 20.6 per
cent (n = 119), Signal Passed at Danger (SPAD) with 9.7egmér(ic = 56), and the least

recoded safety incident classification was failed to cdh ®i3 per cent (n = 54).

Number of Train Drivers Accessible Through CrewPlan

Signal Passed at Danger (SPAD) 56
TPWS Activation 206
AWS Slow to cancel 143
Failed to call 54
Station overrun 119
| | | | | | | | |
0 50 100 150 200

Number of Train Drivers

Figure 11: Train drivers CrewPlan accessibility

The number of recorded safety incidents of train drivershmd in safety incidents
showed an increase of 150.9 per cent when comparing the total marfiben the year
2011 (n = 57)o the year 2016 (n = 143) across all five groups in which fatogusd

have been a contributing factor i.e., SBAPWS activation, AWS slow to cancel, failed
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to call, and station overrun (see Figure 12). A breakdoweacoh safety incident group

can be seen in

Figure 131t is important to note thd&.4 per cent (n = 31) of allaccessiblg UDLQ GULYF
sdety incidents which correspoadto the period % June 2010 - 31December 2010

were excluded from Figure 12 and Figure 13 ths time period significantly
underrepresents the total number of safety incidents in Waigjue could have been a
contributing factor. This was due to the fact that CrewRitmn ATW did not officially

go live until the ¥ June 2010 and therefore was not able to extvddt D L Q f&igueY HU TV

index (FI) and risk index (RI) scores.

Total Number of Safety Incidents

140+

120+ 107
100+

101

sod 57 57

40+
20+

Proportion of Safety Incidents
(=]
[=]
1

2011 2012 2013 2014 2015 2016

Year
(1st January - 31st December)

Figure 12: Total number of safety incidents acrosBvaigroups in which fatigue could have been a
contributing factor
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Breakdown
Number of Safety Incidents
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Figure 13: A breakdown of the total number of safety incalehall five groups in which fatigue could
have been a contributing factor.

3.3.2.1:Comparing CrewPlanto the +HDOWK DQG 6DIHW\ (Hatigug WLYH ¢
Risk Index (FRI) calculator

Replicability and validity tests weraried out to compare the fatigue index (FI) and risk
index (RI) scores that were generated by AYWIrewPlan scheduling system and the
Fatigue Risk Index (FRI) calculator (i.e., biomatheméatoadel) developed by Spencer
et al (2006) for the Health and Safety Executive (HSE), udiegshiftwork roster of
three randomly selected train drivers. According to Kob&tson (personal
communication, February 24, 2017), a principal scientist attiQiveas able confirm that
the CrewPlan scheduling system at ATW uses the exactfsamelas and calculations
from the + 6 ( {RRI calculator. To demonstrate that the HSE FRI catoulfor the
indices are indeed proprietary information of the Heaitth Safety Executive (HSE), the
below communication from K. Robertson (personal comuatitn, February 24, 2017)

outlined that:

51



pMH7KH PRGXOH WKDW 4LQHWL4 SURYLGHV WR WKHP
VSUHDGVKHHW WKDW LV IRXQG RQ WKHintee ZHEVLWH
FDOFXODWLRQ RI WKH ,QGLFHY DUH SURSULHWDU\ L
\RX DQ\ PRUH GHWDLOV DERXW WKH FDOFXODWLRQV

However, it was found that only the RI calculations geeerétte same scores, and that
the FI scoresZLWKLQ &ewPlan and HSE FRI calculator generated slightly
different scores, despite all input parameters, datesjrae of duties being identical. A
possible explanation was highlighted by P. Ayres (persamahwnication, February 22,

2017), who stated that:

u'L 11 HésH&@ween fatigue and risk scores produced from Crewplan and

those produced from the standalone spreadsheet are not unusual. It is usually
EHFDXVH WKH VWDQGDORQH VSUHDGVKHHW HYDOXD\
in, while the Crewplan version provides cumulative scores from several weeks

of roster data prior to the dates requested. This can normally be observed

through the standalone spreadsheet starting with low fatigue and risk scores

+it always starts from 0, as if from a prolonged period of rest. The Crewplan

version normally starts with much higher score because of cumulative fatigue

and risk from the roster data prior to the dates being analysed.

8QIRUWXQDWHO\ &UHZSODQ GRHVQIW DFWXDOO\ FL
LWVHOI >«@ pgliesHsES resxo \ xelf-contained fatigue and risk

module, which is licensed from QinetiQ. It is the QinetiQ module that outputs

WKH IDWLJXH DQG ULVN VFRUHV EDFN WR &UHZSODQ

3.3.22:3UULYD 7UDLQ :DOHVY $7: +HDOWK bBaidgae®RBKHW\ ([
Index (FRI)

Each depot of the Arriva Trains Wales (ATW) franchise Imput parameters that are
exclusively based on average depot predictions. In other wowelse parameters are
EDVHG RQ WUDLQ GULYHUV DVYDB UFRK R Q GitattbABNE) DUF W |

individual diagram route workload, shift intensity, rollingpak condition, individual
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cabin ergonomics, etc. Therefore, each depot at ATWeimghts their own acceptable
configuration and calibration parameters into CrewPlaredas individual operational

needs. However, the scheduling tehas oversight to ensure that all frontline safety
critical workers such as train drive® GKHUHG WR $UULYD 7ULDQ :DO
recommended management thresholds of FI = 45 and Rl s p&t&R | $7 : Fafigue

Risk Management System (FRMS). Table 2 outlines each §&fRMS configuration

and calibration parameters (see Table 2).

Fatigue parameter calibratioffom $7:1V VFKHG X O,L QréwPlany WHitR
LQWHJUDWHY WKH +6éJehkd Xhat &l Depdis<aorbsd/tReliranchise defined
their fatigue index (FI) and risk index (RI) upper limit threlsls in accordance with
ATW's (2017) Fatigue Risk Management System (FRMS) recoiation i.e., FI = 45,
and RI = 1.6. In addition, it was also found that CrewRjeanted authorisation to the
resource management team to be able to validate the Rlaswbres when rotating a
diagram turns. Furthermore, it was also found that Cravd’tnfigurations indicated
that all diagram workloaah frontline safety critical workers were classified as @xtely
demanding, no spare capacity' as well as that all typgsbefwere classified as ‘job
typically requires continuous attention: All or nearly lad time; with both classifications
presenting consistencies across the franchise. Howmaemstancies were found in

$ 7 : 1 \ntegration and configuratiolR | WKH +6(fV )5, FDOFXODWRU

A closer examination of the fatiguE RQILJXUDWLRQ SDUDEHWHKYY ZLW
revealed that Cardiff depot (CFD) and Treherbert depot JTdidnot 'treat timed stand-
by-spares as working day%$his is problematic when considering tiafrontline safety

critical worker, such as train drivers both 'sparestand-by' diagram turns still require

train drivers to report for duty and potentially catch a(®)rne., assigned a diagram or

partial diagram Therefore, these depots will fail to correctly calculabel generate

frontline st HW\ FULW LFDO ZR U N Hfatigué ¥aBeg (BI)Vand/risioindex R L Y H U
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scores. In addition, inconsistencies were also founthenparameters set up for the
‘typical commuting time of employee to/from work'. Foaewple, Machynlleth depot

(MND) has 45 minutes entered into the HBERI calculatorZLWKLQ $7:V &UHZ:
for commuting time, while Holyhead depot (HDD) has 15 minutesoinrast Cardiff

depot (CFD has 35 minutes while Pwllheli depot (PWD) has 45 minutes. Ideally,
commuting time should be unique the frontline safety critical worker as well as

incorporating population density of the region, traffic gestion, and parking facilities.

3.3.2.3:Frequency of safety incidents against time of safety incidents

At present, Arriva Trains Wales (ATW) does not currentyen policies in place that
categorises what are considered to be the various ghé$.t However, according to S.

Handley (personal communication, June 26, 2018) (see Figure 14)

'rule of thumb | have always used with the unions is as follows: High risk shifts

starting between 00:0%04:59 and any shifts working through the night (like

shed turns), AM turns booking on 05:@020:00, Mid shifts booking on 11:00

- 13:00, which finish before 20:00. PM shifts booking on after 14:20:00.
$Q\WKLQJ DIWHU FODVVHV DV D QLJKW VKLIW 1|

AM Shift
Booking on between: 05:0010:00
Mid Shift
Booking on between: 11:0013:00 and MUST end by 20:00

PM Shift

Booking on between: 14:0020:00

High Risk

00;01 t04;59

Night Shift

Booking on from: 20:01 and MUST end 07:00

04:00 05:00 06:00 07:00 08:00 09:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00 19:00 20:00 21:00 22:00 23:00 00:00 01:00 02:00 03:00

Figure 14: Shift types
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North Depot

South Depot

CED |CHD | HDD | LJD | MND | PWD | SQD | CFD |CND | CVD | RHD | TTD
Fatigue +Risk Index Threshold
Fatigue Should Not Exceed 45 45 45 45 45 45 45 45 45 45 45 45
Fatigue Must Not Exceed 45 45 45 45 45 45 45 45 45 45 45 45
Risk Should Not Exceed 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6
Risk Must Not Exceed 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6
Depot Parameters
Specify parameters by individual link
Treat timed stanbly-spares as working days
Validate Fatigue/Risk index scores when rotating &rost
Type of Job Workload
Workload and/or work pace of the job typically:
Extremely demanding, no spare capacity
Moderately demanding, little spare capacity
Moderately undemanding, some spare capacity
Extremely undemanding, lots of spare capacity
Type of Job: Attention
Job typically requires continuous attention:
All or nearly all the time
Most of the time
Some of the time
Rarely or nearly none of the time
Commuting Time:
Typical commuting time of employee to/from work: 00:45| 00:45| 00:15| 00:45| 00:45 | 00:45| 00:45| 00:35| 00:35| 00:35| 00:30| 00:30
Breaks
How frequently are rest breaks typically provided ket 03:00| 03:00| 03:00| 03:00| 03:00| 03:00| 03:00| 03:10| 03:10 | 03:00| 03:10| 03:10
Typical average length of breaks 00:30| 00:30| 00:30| 00:30| 00:20| 00:20 | 00:30| 00:30| 00:20 | 00:20| 00:20| 00:20
Typically the longest period of continuous work betoeak 04:15| 04:15| 04:15| 04:15| 04:15| 04:15| 04:15| 04:15| 04:15 | 04:30| 04:30| 04:30
Typical length of the break taken after this longestod of continuous work | 00:30| 00:30| 00:30| 00:30| 00:30 | 00:30| 00:30| 00:40| 00:40 | 00:40| 00:40| 00:40

Table2 $UULYD 7UDLQV :DOHYV MafagemendIystehnX(ARME)Vrdividual depot parameters within CrewPla

Note:
North depots:
South depat

Crewe (CED); Chester (CHD); Holyhead (HDD); dimimo Junction (LJD); Machynlleth (MND); Pwllheli (PWD); anldk&wvsbury (SQD).
Cardiff (CFD); Carmarthen (CND); Cardiff Valleys (CVD); Rhymney (RH&)d Treherbert (TTP
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According to The Working Time Regulations 198& night period is between 11pm to
6am, unless a contract between the worker and employer agaalifferent night period.
If an alternative contract is agreed in writing, it mostZ hours long and include midnight
to 5am. ATW unofficially recognises night shift starting fr&@:00 and any shifts
working through the night, such as turn 867 in the shedstast at 23:00 and finishes at

07:00. Figure 14 also represents this turn, which is the lata3tva.

Based on observed frequencies of the time of day theysatedents occurred, it was
found that 61.7 per cent (n = 418) of all safety incidémbk place between 08:G20:00
hours. These findings are not that surprising as there @ operational rolling stock
fleet (i.e., trains) duringtQRUPDOY ZR UNL QI7:60R XWdewi looking at a 2-
hour categorical breakdown of the time of day frequenbiesafety incidents occurred
(see Figure 15), there are no obvious observed spikes, whichsseenmdicate that
perhaps there may not be a specific time of day wheitysatidents are more prominent.
No further analyses were carried out to investigate whetietysincidents were more
prominent at a shift type since ATW does not have a pretkfpolicy in place.
Therefore, splitt QJ WKH GDWD ZRXOG QRW EH DQDDREBXOBWH
WKXPEY DJUHHPHQW EtHaVuhidi$ Q.e.$ the AsQGated Society of
Locomotive Steam Enginemen and Firemen (ASLEF) and thierdé Union of Rail,

Maritime and Transport (RMT)
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Frequency of Incidents against Time of Incidents
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Figure 15: Frequency of safety incidents against timefefysancidents

3.3.2.4:Number of safety incidents against time of incidents

Further analyses were carried out to investigate the fregudsafety incidents against
time of incidents, as 61.7 per cent (n = 418) of aktyaincidents took place between
08:00 £20:00 hours. When looking at a 2-hour categorical breakadwime frequency
of safety incidents against the time of incidents (sgeré 16), there are was an obvious
observed spike for TPWS Activation. However, a chi-squareligess of fit testf (5, n
=162) =622, p=.285 indicated no statistical differences for the B°M¢tivation safety
incidents against the time of incidents. No further amslysere carried out to explore

frequency of safety incidents against time of incidents.
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Breakdown
Number of Safety Incidents Against Time of Incidents
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Figure 16 Breakdown of the frequency of safety incidents againdirnte of incidents

3.3.2.5:Number of safety incidents against length of train driving experience

Further analyses were carried out to investigate the fregudsafety incidents against
train driving experience before their safety incident o@tlirTrain driving experience in
this instances defined by the number of yeaasrain driver has had since obtained their
train driverq N¢ence and certificate, which is issued by the OfficRail and Road (ORR)
in accordance to the Train Driving Licences and Certég&egulations 2010 (TDLCR)
When train driving experiences were categorised into 5eatégories, a chi-square

goodness of fit testf (5, n = 578) = 517.1% < .001 indicated statistical differences in

the number of safety incidents against lerafttrain driving experience (see Figure 17).
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Number of Safety Incidents Against Length of Train Driving Experience
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Figure 17 Number of safety incidents against length of train drivérgerienceé5-unit intervals)

In these analyses it was found that 47.6 per cent (n = 2#Ri drivers involved in
safety incidents had between#d0 years of train driving experience, followed by 23.9
per cent (n = 138) of train drivers who had between#15 years of train driving
experience, followed by 15.9 per cent (n = 92) of train dsivéto had between less than
a year =5 years of train driving experience, followed by 7.6 per ¢ent 44) of train
drivers who had between 1620 years of train driving experience, followed by 2.9 per
cent (n = 17) of train drivers who had more than 26 yefirsin driving experience, and
finally followed by 2.1 per cent (n = 12) of train drivers whed between 2126 years

of train driving experience.

3.3.2.6:Breakdown of number of safety incidents against length of train driving
experience

Further analyses were carried out to investigate the typsafetfy incidents in which
fatigue could have been a contributing factor against lesigtiain driving experience.
Looking at the train drivers who were involved in safetsidents that had betweeni6
10 years of train driving experience, a chi-square goodndgst@dt, F (4, n = 275) =
90.26,p < .001 indicated statistical differences in the typsafety incidents for train

drivers who had between £10 years of train driving experience (see Figure 18).
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Breakdown
Number of Safety Incidents Against Length of Train Driving Experience
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Figure 18: Breakdown of number of safety incidents agéngth of train driving experiend®-unit
intervals)

In these analyses it was found that 40.4 per cent (n = 1ittaiofdrivers who had
between 6+10 years of train driving experience were involved in TPWSvAtion
safety incidents, followed by 21.8 per cent (n = 60) oftdaivers involved in AWS Slow
to cancel safety incidents, followed by 19.6 per cent (n =ob#%gin drivers involved in
station overrun safety incidents, followed by 9.5 per (ert26) of train drivers involved

in Signal Passed at Danger (SPAD) safety incidents8ahger cent (n = 24) of train
drivers involved in faid to call safety incidentBased on these findings, perhaps the
consideration of implementing tailored refresher TPWHAtion after 5 years of train
driving experience might be of significant benefit idueing the number of safety

incidents within a revised Safety, Training and Update Day (STag@gramme at ATW.

3.3.2.7:Fatigue

Analysis from all 578 safety incidents have identified that §&18cent (n = 577) of train
GULYHUYV fideXD(W)Lsdofdd fell within or below the identified guidelithreshold

of 45 by Stantoret al (2010) to represent good practice within the rail industryeds
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as working to reduce the risk of fatigue for UK rail operat@BR, 2012) (see Figure
19). A chi-square goodness of fit te8t(1, n = 578) = 1.0y < .001, indicated a statistical
difference which was not surprising since only 0.2 per cent (n = 1) ofdtiescfell above
the identified guideline threshold of 45. It is important to ribé&in any given working
week, approximately 1 per cent of scheduled train drivdiexgeed the recommended

working week fatigue index score threshold of 45 (see Stattalhy 2010, for review).

Arriva Trains Wales (ATW)
Fatigue Index (FI) Score Thresholds

N

€ 1600~ Acceptable Thresholds
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ATW FIl Score Thresholds

*p <.05, *p < .01, ™ p < .001.

Figure 19 Arriva Trains Wales (ATW) fatigue index (FI) score thresholds

3.3.2.7.1Categorising Fatigue Index (FI) Scores (5-units)

When the threshold range (n = 57&sfurther broken down into smaller proportion of
fatigue index (FI) scores that fell into each 5-unit catediamn 0 +50, it can be seen

from Figure 2Qhat a great proportion of safety incidents occurred whan triversiFI
VFRUHV ZHUH DW WKH ORZHU HQ® RN LW KHUUH B RE® PLHXEGKC
illustrate this further, the first four 5-unit categori@st5 (n = 161), 5+10 (n = 207), 10

+15 (n = 108), and 1520 (n = 63), respectively represented 92.8 per cent (n =0539)

all safety incidents betweeri' June 2010+31% December 2016, which are significantly

lessthan$ 7 : 1V ), VtRr&shiottls of 45, which at that moment in time was alithin
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WKH UDLO LQGXVWU\TV JRRG SU Rty 2(B). HdwEVRIPiPiHH QG DV
important to state that according to Somvangl.(2016), there are no agreddresholds]

for the + 6 ( fARI calculator. Therefore, caution on the RI thrégtishould be taken, as

these are but one component of the Fatigue Risk Manage®ystem (FRMS) in

assessing fatigue (ORR, 20)6a

Train Driver's Fatigue Index (Fl) Score
on the day of the Safety Incident

7]

€ 250+

] 207

'S 200-

c

E 161

Q@ 150+ Train Drivers
(] 108 over the

[77] Fatigue Index
‘S 100+ Threshold

c 63

)

) =

[

o

o

o

Fatigue Index (Fl) Scores
(5-unit intervals)

Figure 20: Traindt Y HU TV | D WHL Seokedb-Qr@ idtervals)

3.3.2.8:Risk

Analysis from all 578 safety incidents have identified that pér9cent (n = 566) of train
GULYHUVYTY ULVN LQGH[ VFRUHV DHQA B8 HygtHaRLY. Wdse V
thresholds have been identified to represent good pradtizie the rail industry (Stanton

et al, 2010) for planned rosters (Bell, 2008), as well as working to eethe risk of

fatigue for UK rail operators (ORR, 2012). A chi-square goodngfistest F (1, n =

578) = 1.00p < .001, indicated a statistical difference, which was ogbrssing since

only 2.1 per cent (n = 12) of RI scores fell aboveideatified guideline threshold of 1.6.
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Arriva Trains Wales (ATW)
Risk Index (RI) Score Thresholds
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Figure 21 Arriva Trains Wales (ATW) risk index (RI) score thresholds

3.3.2.8.1Categorising Risk Index (RI) Scores (0.2-unit intervals)

When the threshold range (n = 578) was further broken dawrsmaller proportion of

risk scores that fell into each 0.2-unit category from3) it can be seen from Figure 22

that a great proportion of safety incidents occurred vitan driversfrisk index (RI)

scores were between 061.2, which is within$7:1V 5, VFRUHVthB YailZH OO
LQ G XV W U\ fticerecBrBneddaiions of 1.6 RI score threshold (BéID8; ORR

2012; Stantoret al, 2010). However, once again, it is important to stateabebrding

to Somvanget al (2016), there are no agreefhresholdg[for the FRI calculator.
Therefore, caution on the RI thresholds should be takéhese are but one component

of the Fatigue Risk Management System (FRMS) in asgefigue (ORR, 2016a
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Figure 22 7UDLQ GU L Y HRI)svores (V. MumhitQn@itdls)

3.3.3:Discussion
The aim of this study was to investigate whether the prdsentathematical model
%00 IRU DVVHVVLQJ WUDLQ @GvaYrkalds/WalesHATMDI.er 1 IDW
the +tHDOWK DQG 6DIHW)\ Hdtigue XKL IddX|(¥RI)+c@lCulator related to
the number of safety incidents in which fatigue could Hmen a contributing factor i.e.,
Signal Passed at Danger (SPAD), Train Protection & Wai®ystem (TPWS) activation,
Automatic Warning System (AWS) slow to cancel, failed td, @add station overrun.
Analysis from the 578 train drivers who were involved iresaincidents in which fatigue
could have been a contributing factor revealed that 99.8qwr(n = 577) of Fatigue
Index (FI) scores fell within or below Arriva Train \'éa (ATW) threshold of 45 as well
as 97.9 per cent (n = 566) of Risk Ird&I) scores falling belows$ 7 : § Yhreshold range
of 1.6 However, Bowler and Gibson (2015) identified that thés ( JRRI calculator
should be used with caution, as BMMs for both the FIRhdalculations are based on
group data, with Somvargf al (2016 VWDWLQJ WKDW WKHUH DUH QR

the + 6 ( JRRI calculator. Therefore, restraint on the Fl shi@dds should be taken as
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these are but one component of the Fatigue Risk Manage®ysté¢m (FRMS) in
assessing fatigue and risk (ORR, 2016a). As a result, tte@messvere presumed by ATW

to represent good practice within the rail industry (B¥I08; ORR, 2012; Stantat al.,

2010). 7TKHVH ILQGLQJV VHHP WR LQ @OLF® ¥ H WFRDW VWRD L
to safety incidents in which fatigue could have been a iboming factor, as safety
incidents occurred despite 99.8 per cent of FI and 97.9 peRtestores were below

$ 7 : 1 Yhreshold range.

One of the biggest limitations of the 6 ( {&RI calculator at ATW is that input
parameters are exclusively based on average depot predidtiooher words, these
SDUDPHWHUY DUH EDVHG RQ VAHWDW®E D3 MYUHNM DGA/U DY HI
characteristics, individual diagram route workload, shitmsity, rolling stock condition,
individual cabin ergonomics, etc., as each train drivaunigjue, and thus will have
different fatigue threshosjas well as different abilities to withstand high level&t§ue
(Bowler & Gibson, 2015). Somvaregg al (2016) state that BMM primary application is
to assess or compare shifts rather than the charéiceens likely response of an
individual. Therefore, the+ 6 ( BRI calculator is not able to take into consideration
individual factors (e.g., lifestyle, age, diet, illness,nta¢ conditions, time difference
between waking up and clocking in, etc.) or environmentalofac{e.g., family
circumstance, domestic responsibilities, sleep environmethereconditionsRSSB,
2012). Moreover, thet 6 ( RRI calculator generates cumulative fatigue only from the
period the driver clocks into work and out (i.e., On Datyl Off Duty) (Spenceet al,

2006).

In this study it was also found that 61.7 per cent (n = 418)l safety incidents took
place between 08:00+ 20:00 hours. A closer examination revealed that TPWS
Activations safety incidents were more prominent. Howenerstatistical significance

was found when solely exploring TPWS Activation againsetohday incidents In this
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study it was also found that the largest proportion odtgahcidents in which fatigue
could have been a contributing factér.6 per cent (n = 275) occurred when train drivers
had between 610 years of train driving experience. Clancy (2007) has outlimegdor
safety critical operational roles, such as train dsihere is a danger that rail companies
HLWKHWURYEY RQ VNDB®@VUWKND \R UD UPISRWWDQEK LRUDL
that are of critical importance. However, Bonsall-Cla(R812) has identified that an
examination of operational incidents and accidents haverskioat poor use of non-
technical skills (NTS) i.e., situational awareness, cemsiousness, communication,
decision making and action, co-operation and working withersth workload
management, and self-managemgsee Bonsall-Clarke, 2012, for review) are
contributing factos towards incidents and accidents occurring. Based on theleds,
perhaps refining and implementing both revised tailored NT& aeas of critical
importance training courses after 5 years of train drivirghiribe potential beneficiab
further reduce the number of safety incidents. Furthemslkeeyg analyses are needed to
investigate whether restricting train drivers from workomg their assigned rest days
based on a natubaloccurring intervention reduced the number of safety imt&len

which fatigue could have been a contributing factor.

3.3.4:Study summary
The aim of this study was to investigate whether the prdsemathematical model

%00 IRU DVVHVVLQJ WUDLQ t@tdvaYrkaids/WalesHATMDI.er 1 IDW
the Health and Safety BxF X W L Y H Rafigue Ri6k Index (FRI) calculator related to
the number of safety incidents in which fatigue could Hasen a contributing factor In
this study it was found that the current Healbhd 6 D IHW \ ([H F X WHa¥igd4] Risk+ 6 (
Index (FRI)calOF XODWRU IRU DVVHVVLQJ WdddatiAQive TainsHU V | (
Wales (ATW) may not be an effective or accur@& HGLFWRU RI WUDLQ GUI

risk levels, since analyses of all 578 accessible safetgents in which fatigue could
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have been a contributing factor only identified 0.2 mat¢n = 1) and 2.1 per cent (n =
12) of FI scores and RI scores, respectiveW,KDW H[FHHGHG $7:9V )D\
Management System (FRMS) recommended thresholds ebFé¢ s 45 and RI score =
1.6 (ATW, 2017a)As a result ATW may need to carefully consider and evaluate with
the appropriate urgency whether their current biomatheahahodel (BMM) i.e., the
HSE Y ¥RI calculator is effective at predicting safetyid@nts in which fatigue could
have been a contributing factor frontline safety critical workers. In addition, it was
found that TPWS Activation was the most prominent gafetident for train drivers who
had between 610 years of driving experience. Therefore, it is recontad that going
forward, 7UDQV SR UW IR U :D OHWRS)3afery,6TiFhauhivd-dnH Vitate Day
(STUD) programme reflects and addresses these high TPVii@athant safety incidents.
Further analyses are needed to investigate whether resgfticin drivers from working
on their assigned rest days based on a ntuaturring intervention reduced the number

of safety incidents in which fatigue could have been ariting factor.

3.4: Study 2

The aim of the present study is to investigate whetheriatisy train drivers from
working on their assigned rest days based on a naturallyroag intervention reduced

the number of safety incidents in which fatigue could haenta contributing factor.

3.4.1:Methodology

3.4.1.1:Ethical approval
7KH VWXG\ UHFHLYHG HWKLFV DSSURWEKQFVURR P&D W

(EC.16.06.14.4547). The study conformed to the seventh amenhdfrtee Declaration
of Helsinki 1964 (World Medical Association, 2013) and was coadance with the Data

Protection Act 1998 and the General Data Protection ReguiGDPR).
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3.4.1.2:Participants

Safety incident reports of 278 train drivers (266 men an@rh2le) ranging in age from
24 +63 years oldNI1 = 47.46 SD = 7.48) were collected using the Safety Management
Information System (SMIS). On average, train driversdradng experience for 10 years

before their safety incident occurred

3.4.1.3:Statistical analyses

, 201V 6WDWLVWLFDO 3DFNDJHKG6IRUHW ¥ HRERWak IIR&d ®FOLAH Q F
analyse the data. three statistical procedures weredatt on the data; descriptive

analyses, cross tabulation and chi-square test of indepmnden

3.4.1.4:Materials and procedure

All safety incident groups in which fatigue could have beeorributing factor were
extracted from SMIS. The safety incident types idesdifvere; SPAD, TPWS activation,

$:6 VORZ WR FDQFHO IDLOHG WRVHLMAOS$7DNG &\WUW 2 8/A
scheduling system, train drivers fatigue index (FI) andindkx (RI) scores, as well as

other relevant roster information agextracted. CrewPlan went livé' Tune 2010. As a

result, this study only examined safety incident reports betw&elune 2010+ 31

December 2016.

3.4.1.5:Procedure

Between Monday 1%March 2016+Monday 19' September 2016, ATW restricted train
drivers from working their assigned rest days i.e., taivers were not permitted to work
additional shifts on their allocated days off. This mdaat during this time period, all
train drivers had a minimum of two mandataest days per week. Therefore, the
observed frequency of safety incidents during this ndyuogicurring intervention time
period i.e., 1% March 2016+19" September 2016 was compared across the same dates

in previous years going as far back as 2011.
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3.4.2:Results

The aim of this study was to investigate whether restgdtmn drivers from working on
their assigned rest days based on a ndyuoalcurring intervention reduced the number
of safety incidents in which fatigue could have beeporriouting factor. A chi-square
goodness of fit testf (4, n = 278) = .667p > .05, indicated no statistical differences in
safety incident frequencies throughout the six time peesd=-igure 23 and Figure 24).
However, despite there being no statistical significanetsvéen all six time periods,
during the restriction perigdhe observed frequency of safety incidents had inecHas
47 per cent (n = 83) when comparing to the same dates indheys year (n = 44A
chi-square goodness of fit tesE (1, n = 127) = 1.00p < .001, indicated statistical
differences in safety incident frequencies betwedhMdrch +19" September 2016 and
14" March +19" September 2015 (see Figure .25)

Safety Incidents
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Figure 23: Total number of safety incidents during thé@geanvhen train drivers were restricted from
working their assigned rest days (2016) and the same histoeiéatl (2011+2015)
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Breakdown
Number of Safety Incidents
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Figure 24: A breakdown of the total number of safety inc&ldating the period when train drivers were
restricted from working their assigned rest days (2016)temdame historical period (2012015)
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Figure 25: Total number of safety incidents when traivedsi were restricted from working their
assigned rest days (2016) and the previous year (2015)

3.4.2.1:Fatigue index scorsand risk index scores across all six time periods

A Kruskal-Wallis Test was carried out to investigate whethere was a significant

differencein the fatigue index (FI) scorexf train drivers across the six time periods.
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There was no statistical difference in the Fl scarkt#ain drivers across all six time

periods F (5, n = 278) = 23, p > .05 (see Figure 26).

Drivers Fatigue Index Scores
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Figure 26: Fatigue index scores of train drivers acrossxaime periods

In addition, a Kruskal-Wallis Test was also carried ount@stigate whether there was
a significant difference in the risk index (RI) scoregrain drivers across the six time

periods. There was no statistical difference in thecRies of train drivers across all six

time periods,F (5, n = 278) = 5.640 > .05 (see Figure 27).
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Figure 27: Risk index scores of train drivers acrossatirsie periods
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3.4.3:Discussion

The aim of this study was to investigate whether restgdtain drivers from working on
their assigned rest days based on a ndyuoakcurring intervention reduced the number
of safety incidents in which fatigue could have been dritmting factor i.e., Signal
Passed at Danger (SPAD), Train Protection & Warning Sygid@PWS) activation,
Automatic Warning System (AWS) slow to cancel, failed to, eadtl station overrun. In
this study it was found that there was no statistical mdiffee in safety incident
frequencies throughout the six time periods. Howeverethas a 47 per cent statistically
significant increase in the observed frequency of safetgients between the time period
of the naturdy occurring intervention (i.e., 2016; n = 83) and the previeas {i.e., 2015

n = 44) These findings are not consistentiwthose found in the literature, whereby it
has been identified that increased workload can have sgmifimplications for safety
incidents (Thomas, Paterson, Jay, Matthews, & Ferguson, 20xBat high workload
impact safety critical workers in thieability to localise audible alarm warnings i.e., in-
attentional deafness (Edworthy al., 2018) The Automatic Warning System (AWS)
audible indicator generates audible warning alarm (i.e., a horn sound or electronic
equivalent) (see RSSB, 204,5or review), which must be acknowledged by the train
driver within two to three seconds or an emergency brakecapipi will occur i.e., AWS
slow to cancel. However, it is important to point out thedré are other influencing
external factors. HSE (2006) identified that personalofactould contribute towards
higher levels of fatigue, such as home-life balance #isaweonflicts. In addition, RSSB
(2012) presented other external factsteh as individual factors (e.g., lifestyle, age, diet,
illness, medical conditions, drugs and alcohol use,, @ted environmental factors both
external to work (e.g., family circumstances, domesBponsibilities, sleep environment,
etc.) and internal to work (e.g., unit condition, track cooujt breakroom facilities,

napping facilities, weather conditions, etc.) that coldd aontribute towards fatigué
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Is important to highlight that these external factorsnateintegrated into the Health and

Safety Executive (HSE) Fatigue Risk Index (FRFHD OF X O D VatReufancalEL R P

modelling (BMM), either on the short-term or cumulatigggue component (Spencer
al., 2006) However, discussions with various managers across Afnains Wales
(ATW) as well as train drivers revealed that during theggeoif the natur&} occurring
intervention, there were negotiations taking place betwssnior management and
drivers company council (DCC) e.g., Associated Society otoimotive Steam
Enginemen and Firemen (ASLEF) and the National UniorRafl, Maritime and
Transport (RMT), which fostered perceived uncertaintie®rgmtrain drivers as to
whether any changes such as the restriction to work sindays would remaia
permanent amendment to the work arrangements for drp@drg/, 2016) Research
carried by Fan and Smith (2017a) at Arriva Trains Wales (AToMhd an association
between perceived levels of stress at work and fatigueveCsely Mantler, Matejicek,
Matheson and Anisman (200entified that coping with employment uncertainty was
associated with higher levels of perceived stress, dlyeciader low uncertainty

conditions.

Analyses of the fatigue index (FI) and risk index (RI) ssatevealed that there was no
significant difference between the naturally occurringrivéntion and the same time
period for each historical year. These findings seemtlicate that despite ATW
restricting train drivers from working on their rest day, train driv were still averaging
very similar FI and RI scores as the same historica periodsDiscussions with train
drivers at ATW revelated that during the natlyralccurring intervention, train drivers
ZKR ZRXOG KDYH RWKHUZLVH EHHQ UREWWwikHG
assigned/allocated a diagram or partial diagram (i.d¢emrtagn) to cover a vacant turn(s),
which could also potentially extend their datum time (b®gking-on or booking-off

time) (ATW, 2016) Under these circumstances, these findings could be egplai
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through an association between increased workload and fat@pldwell, Caldwell,
Thompson, & Lieberman, 2019; Sadeghniiat-Haghighi & Yazdi, 20&&) & Smith
(2019) identified that workload and working overtime were cbuatimng factors towards
fatigue within Arriva Trains Wales (ATW). However, Dorriahal. (2011) highlighted
that work duration and workload significantly influenced level&atgue, as well as an
increased probability of a safety accident occurring assaltref the shift duration
increasing (Goode, 2003). Alternatively, one cannot exclude diaknircumstances
whereby train drivers could have potentially extended thdy daty to compensate for
loss in earnings. Mathisen and Bergh (2016) argued that workergroe increases error

rates and rule violation.

Rumination in the cab could also be another potentiplaeation of these findings
especially when considering train drivers are not previeweagotmation discussions
between senior management and DCC e.g., ASLEF and RMa .résult, train drivers
would not know if these restrictions in working during rest dagald become standard
policies. Several researchers have outlined a relatpnseiween changes in the
workplace (e.g., uncertainties) and the increase in wdakeck stress (Karasek &
Theorell, 1990; Schnall, Belkic, Landsbergis, & Baker, 2000)s is further supported
by an association between perceived levels of stresdasigde previously found at

Arriva Trains Wales (ATW) (Fan & Smitl2017a).

Sincethe+6 (fV )5, FDiObdaxed ompr&defined parameters i.e., short-term fatigue;
time of day, shift duration, rest period, and breaks asasethe build-up in fatigue that

is associated with the continual disruption of sleepthadime required to recover from
the period of sleep (Spencet al, 2006), the+6 (fV )5, F D @ikXdOtake/iRd)
account other fatigue-related external factors beyondvtit&-related parameters e.g.,
individual factors and environmental factors (RSSB, 20A8)a result, thet 6 (V )5,

calculator does not factor in the various unique safatigarchallenges train drivers
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experience which could be contributing factors towards fatiblverefore, there is a clear
need to better understand the environmental factors thiat contribute towards fatigue
from within the cab environment. As a result, in-cabeostions are a necessity to better
understand the issues that could contribute towards safedgims when fatigued from

within the cab environment.

3.4.4: Study summary

The aim of this study was to investigate whether restgdtain drivers from working on
their assigned rest days based on a ndyuoalurring intervention reduced the number
of safety incidents in which fatigue could have been aritting factor. In this study
the observed frequency of safety incidents during the nbtweturring intervention
time period was compared across the same dates in preemnssty be able to determine
whether restricting train drivers from working their asegjrest days significantly
reduced the number of safety incidents in which fatiguedcbaVve been a contributing
factor. Safety incident reports of 278 train drivers (266 amh 12 female) ranging in
age from 24+63 years old (M = 47.46, SD = 7.48) were collected using #ietys
Management Information System (SMIS). In this studyas found that there were no
statistical differences in safety incident frequencie®ughout the six time periods.
However, there was a 47 per cent statistically significantease in the observed
frequency of safety incidents between the time periodhef maturdy occurring
intervention (i.e., 2016; n = 83) and the previous year d®&L5; n = 44). These findings
seem to indicate that perhaps other external factorsasuichlividual and environmental
factors may also be contributors, which are not patiebiomathematical model within
the Health and Safety Executive (HSE) Fatigue Risk Index)(E&ttulator. As a result,
there is a clear need for better understanding sonhe eftvironmental factors that could
contribute towards safety incidenits frontline safety critical workers, such as train

drivers.
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3.5: Chapter summary

The aim of this chapter was to investigate the effects®mé the Health and Safety
([HFXW LY H Fatigue 6isk Index (FRI) calculator used at Arriva Traingléd

(ATW) as part of their Fatigue Risk Management SysteERMS) for monitoring and
managing safety incidents in which fatigue could have l@eeontributing factor by
answering two fundamental questions. The first study wasedaoit to investigate
whether the present biomathematid’dRGHO %00 IRU DVVHVVLQJ WUD
fatigue at Arriva Trains Wales (ATW) i.e., the HDOWK DQG 6DIHW\ ([HF X\
Fatigue Risk Index (FRI) calculator related to the numbbesatety incidents in which

fatigue could have been a contributing factor. In this studsas found thats 7: VvV XV H

of the HSEY MRI calculator as an objective measure of fatigue madyoe an effective or
accurate predictoro WUDLQ GULYHUYV IDWLJXH RU UDNRNHOMYHC
safety incident& which fatigue could have been a contributing factor ordyitied 0.2

per cent (n = 1) and 2.1 per cent (n = 12) of FI scores aisddRes respectively, that
HIFHHGHG $7:9V )DWLJXH 5LVN ODQDPRPAKGW G W, WUHHPV K
As a result, ATW may need to carefully consider and etalwath the appropriate
XUJHQF\ ZKHWKHU WKHLU F XU 9 B\VM5 affetive etoUfiValphe FD OF
at predicting safety incidents in which fatigue could havenbe contributing factoin

frontline safety critical workers, such as train drivefwever, it found that Train
Protection Warning System (TPWS) Activation was the mosininent safety incident

for train drivers who had between 610 years of driving experience. Therefore, it is
recommended that going forward,| : 5 6 $afety, Training and Update Day (STUD)
programme reflects and addresses these high TPWS Aativediety incidents. The

second study was carried out to investigate whether r@ggritcain drivers from working

on their assigned rest days based on a ngturaturring intervention reduced the number

of safety incidents in which fatigue could have been ariboring factor. In this study it
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was found that there was a 47 per cent statistically signifidecrease in the observed
frequency of safety incidents between the time periodhef maturdy occurring
intervention (i.e., 2016; n = 83) and the previous year d@&L5; n = 44)These findings
seem to indicate that perhaps other external factorsasumdividual and environmental
factors may also be contributors, which are not patte@biomathematical model within
the HSEY MRI calculator. As a result, there is a clear neadentify some of the external
environmental factors that could contribute towards saifetidents when fatigued

through ethnograpt research based on extensive in-cab observations.
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Chapter 4: Pre-unit mobilisation procedures and checks as well as in-
cab observations

4.1: Overview of chapter

The previous chapter outlined the current biomathematiodeh{BMM) used at Arriva
Trains Wales (ATW) as part of their Fatigue Risk Manager8gstem (FRMS), i.e., the
+HDOWK DQG 6DIHW)\ Hatigue Rk Ndex|(MRI)ical¢ulatorhe previous
chapter summarise KDW WKH +6(fV )5, FD O mwxsOnbt\Wiedlivexat HG E
predicting safety incidents in which fatigue could haverba contributing factoin
frontline safety critical workers, such as train drivénsaddition, it was identified that
restricting train drivers from working on their assignedtrdays based on a natlyal
occurring intervention did not reduce the number of gafetidents in which fatigue
could have been a contributing factor. Therefore, tisesieclear neetb better understand
some of the environmental factors that could contribmk&ards safety incidents at ATW
As aresult, the aim of this chapter is to identify safithe external environmental factors
that could contribute towards safety incidents when fatigaledbugh ethnograph

research based on extensinecab observations.

4 .2: Introduction and rationale

The main focus of the ethnographgualitative research approach is to provide rich,
KROLVWLF LQVLIKWYV LQWR SHRSOXIWUYLHZRGDR% DF
Dixon-Woods and Bosk (2010) state that ethnography is thetdibservation of people.
Therefore, for over 35 years ethnography has been defmébeause of participant
observation (Holy, 1984). Reevesal (2008) state that the use of participant observation
enablse ethnographers to be able to immerse themselvestiration or location that
promotes deeper understanding as well as its subtletie8eredt contexts, which are

usually hidden from the public literature. However, Savage (20680gyests that

ethnography is considered both as contextual and reflexiligghwemphasises the
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significance of being able to apply context in order to betteterstand events and
meaning, while also taking into account the impact of theareber's presence as well as
the research strategy on the observatonse WKH WUDLQ FDEYV HQYLUR

sounds, visual stimuli, etc.

Dixon-Woods and Bosk (2010) identify that ethnographers should sdiestkpprovide

an empirical description of what happens and secondprdduce an analysis of what
they see, which is quite specific to the observer'shgettiowever, according to Savage
(2000a), overall consensus on the theory of knowledgeutiddrpins an ethnographic
account among ethnographers is yet to be reached. Astatfestdsk of an ethnographer
is to record the culture, the perspectives and practickeqieople in these settings by
seeing the world from their poit-view (Reevegt al, 2008). However, Savage (2000b
points out that ethnography entails prolonged fieldwork. Atiogrto Leslie, Paradis,
Gropper, Reeves, and Kitto (2014), ethnography involves thet dieservation of
SDUWLFLSDQWYV EHKDYLRXU ZLWKWQRWHKHLD VWQWW D RQH
of time, for example, the observation of a trairveriwithin the cab environment for at
least the length of a diagram turn. However, since etlapbgrs invest a significant
duration of time observing actions, it can sometimes bt gunallenging to secure
frequent access, especially if the organisation hasecosithat the observations may cast
them in an unflattering perspective (Reeskal, 2008). Nevertheless, ATW granted the
researcher unrestricted access to various safetyrsysirecluding frontline safety critical
train drivers. Only one similar study was found that explditee isolated roles and
responsibilities of London Underground train drivers (sleath, Hindmarsh, & Luff
1999, for review). Since then, there has been no publishedgetiptic research carried
out from within the cab environment to determine some @fisbues that train drivers
experience that could potentially contribute towards fatigierdfore, the aim of this

chapteris to identify some of the external environmental factbeg could contribute
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towards safety incidents when fatigued through ethnograpbsearch based on extensive

in-cab observations.

4.3: Methodology

The researcher fully immersed himself and completed ~120 hbooshsecutive in-cab
observations spilt between Valleys & Cardiff Local Resu(formally known as Cardiff
Valley lines) and Cardiff Mainline Routes. This was achietlerough the observer
accompanying four train driving instructors who held a CategoryiB draving licence

under the Train Driving Licences and Certificates Regulata®i® (TDLCR).

4.3.1:Ethical approval

7KH VWXG\ UHFHLYHG HWKLFV DSSURWBKQOFVYURRP&D W
(EC.17.09.12.4947R2A). The study conformed to the seventh amendwhethe
Declaration of Helsinki 1964 (World Medical Association, 2048)l was in accordance
with the Data Protection Act 1998 and the General Data Piatdeegulation (GDPR).
Cab observations were cleared by Arriva Trains Wal@d8\{fattending authorities (e.g.
Head of Drivers, Head of Safety, and Director of Operajibefore ATW authorised and
issued an Arriva Train Wales Driving Cab Pass. All obs@ratwere undertaken in
accordance with the BPS (2014: 25) Code of Human Researcbs Eihidelines
concerning observation ia natural setting as well as the observer adhering to all
instructions and commands as directed by the train dringtguctor to ensure safety was

never compromised as a result of distractions.

4.3.2:Participants

The observer wanted to ensure the highest external rejiabiid validity of the
ethnographic research (see LeCompte & Goetz, 1982, forwewé the in-cab
observation. Therefore, in order for the observertila position to be able to discover

the same phenomena as well as the ability to generasanhe constructs from within
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the cab setting, the observer carried out multiperoobservations that also included
observations of multiple train drivers. The observes paired up with four experienced
train driving instructors who were highly competent in operatinggriar the carriage of
passengers as well as being able to carry out their dutdegsponsibilities while being
accompanied by a third-party individual inside the cabthe.pbserver. Two of the four
train driving instructors were from the Valleys & Cardiffdad Routes and the other two
were from the Cardiff Mainline Routes. Observations thébe the total duration of four
consecutive weeks, which represented ~120 hours of in-cabvatise (see Table 3),
both split into early shifts i.e., booking-on between 03:#409:55 and late shifts i.e.,
booking-off between 15:5500:47 (see Table 4, for a breakdown). Due to the limited
number of train driving instructors on the Valleys & Cardifical Routes and on the
Cardiff Mainline, demographic characteristics of all ftrain driving instructors are not
reported to ensure full anonymity in accordance with the Datge&ion Act 1998 and

the General Data Protection Regulation (GDPR).

Train Driver Instructors Total Combined Diagram Tau(inh:mm)
1 (Valleys & Cardiff Local Routes) 35:34
2 (Valleys & Cardiff Local Routes) 32:27

3 (Cardiff Mainline Routes) 36:31
4 (Cardiff Mainline Routes) 14:37
Total 119:09

Table 3: Total combined diagram turns

Train Driver Instructors Book On Book Off Total HourBiagram Total Diagram Turn (hh:mm
1 (Valleys & Cardiff Local Routes(8:48 18:00 09:12 424 09:12
09:48 18:29 08:41 463 08:41
09:55 18:24 08:29 428 08:29
09:49 19:01 09:12 425 09:12
2 (Valleys & Cardiff Local Routes)5:59 15:15 09:16 403 09:16
08:30 16:00 07:30 TB (Team Brief) 07:30
05:50 14:43 08:53 414 08:53
05:41 12:29 06:48 2411 06:48
3 (Cardiff Mainline Routes) 15:55 00:34 08:39 385 08:39
15:19 00:47 09:28 315 09:28
15:19 00:47 09:28 315 09:28
15:46 00:42 08:56 2215 08:56
4 (Cardiff Mainline Routes) 05:30 11:40 06:10 230 06:10

05:50 14:17 08:27 403 08:27
- - RD (Rest Day)
RD (Rest Day)

Table 4 Breakdown of cab observation diagram turns
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4.3.3:Design and procedure

Pink and Morgan (2013) outlines that there are two typeshmbgraphy; long-term and
short-term. Long-term ethnography is a methodology whetteypbserver becomes an
apprentice through the process of developing new skills thithgoal to becoming a
practitioner e.g., acquiring all the relevant rules and egguis knowledge, traction
knowledge, route knowledge, and practical train handling tdblgeta become a train
driver. However, the commitment involved to become difet train driver was far
beyond the duration and scope of the doctoral reseaacheWwork as well as the
feasibility in terms of Arriva Train Wales' (ATW) regrces for the observer to obtain all
the relevant competent areas to be able to hold a CategomjnRIriving licence under
the Train Driving Licences and Certificates Regulations 20IDLCR). Therefore,
short-term ethnography was felt to be the most apprepnthodology. According to
Pink and Morgan (2013), short-term ethnography consists of ajgngl different
possibilities for engagement with the knowledge of othdividual's experiences e.g.,
learning from train driving instructors who have extensiveesulnd regulations
knowledge, traction knowledge, route knowledge, and prattaialhandling experience

as well as the safety culture of both the rail induatrg ATW.

The direct observations of four train driving instructorsemeade from within the cab

during normal operations for the duration of four conseeutieeks. All observations

were based on interactions solely between the train dringtguctor and the researcher,

which resulted in a strong relationship that allowed foop&n channel of dialogue that

would otherwise not have been possible if the obsemaer not spent a significant
duration in the cab (i.e., on average 30 hours with gaghdriving instructor), building

mutual trust and respect, or if other ATW employees were mir@se¢he cab e.g., train

driver managers. The observer pluggedd WR WKH WUDLQ GULYLQJ LQ\

roster, which was comprised of various diagram turns, pmayithie observer with an
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opportunity to be exposed to a variety and wide selecfipotential situations that could
result in lapse in attention or situation awarenessgciwbould contribute towards safety

incidents when feeling the ill effects of fatigue.

The researcher fully immersed himself and completed ~120 hbaoshsecutive in-cab
observations. Through the successful pairing by the Heladwars between the observer
and four train driving instructors, the observer was able terebsdiscuss and reflect on
the duties and responsibilities of the train driving institetiuring normal operations as
well as obtaining fundamental rules and regulations knowledgeion knowledge, and
route knowledge, which also included a comprehensive understawidihg practical
train handling that were all obtained and experienced wiliicab. Through the process
of full immersion, the observer was able to gain a uniquspeetive into the various
issues train drivers encounter and experience that couittibute towards safety

incidents when feeling the ill effects of fatigue.

4 .4: Cab observations

The aim of this study was to identify some of the exteemslironmental factors that
could contribute towards safety incidents when fatigued throtigiograpiic research
based on extensive in-cab observatiohkerefore, these findings are based on the

U H V H D bW Kirldud adbservational perspective of frontline safetizal train driver.

It is important to point out the observer should be fulljpbant with all rules and
traction guidelines, since all observations took place fnathin the cab of an operational
trains that were transporting passengers. The obseretlysidhered to all Arriva Train
Wales (ATW), Rail Safety and Standards Board (RSSB)@Gifide of Rail and Road
(ORR) rules required for train drivers during turn of dutyloBeis a comprehensive list
of all the information the observer had to familiatseself with prior to commencing

cab observations. These were:
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X X X X X X X X X

Professional Driving Policy (ATW, 2017b);
Arriva Trains Wales working arrangements for drivers (\312016);
Rule Book: Train Driver Manual (RSSB, 2015b; RSSB, 2018b);
Alcohol and Drugs Policy (ATW, 2017c);
Company Safety Policy (ATW, 2017c);
Personal Protective Equipment (PPE) (ATW, 2017c);
Token Protocol (RSSB, 2014a; RSSB, 2016a);
Low adhesion (ATW, 2017b; RSSB, 2015c);
Relevant Arriva Train Wales publications:
o Daily roster appearance sheet
Diagram schedule sheet
Signing-on sheet
SPAD notice case board
Weekly operating notice booklet
Late notice case board
New notice case board
General notice case board
Permanent notice case board
Seasonal notice case board
Low adhesion board
Health and safety notice case board
0 ASLEF notice board
On-Train Monitoring Recorder (OTMRRSSB, 2014b);
Global System for Mobile CommunicationsRailway (GSM#R; RSSB, 2015¢d
RSSB, 2017a; RSSB, 2018c);
Driver Advisory Systems (DASRSSB, 2009; RSSB, 2010b);
Driver Reminder Appliance (DRAVIcCorquodale, 2002);
Personal Track Safety (PTRSSB, 2015e

O O OO0 OO0 o0 OoOOoOOoOOo

4.5: Lifestyle and preparation before shift

To ensure full immerse, two days prior to commencing obdengtthe observer ensured
he was well rested and fully complied with all regulatjiaugech as ensuring the observer
adhered to the Alcohol and Drugs Policy (ATW, 2017c) as wdil esdrive/work trains
(i.e., fitness for duty). Therefore, the night befohne turn, the observer ensured he had
all the right Personal Protective Equipment (PREW, 2017c), such as; steel toe cap
shoes, hi vis vest, safety glasses, ear plugs, and afpaorrection spectacles, and all
meals prepared in the event that either the Main RestkB(MRB) and/or Short Rest

Break (SRB) were assigned in locations that has fewrgpoto purchase food such as
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at Cardiff Shed Depot (CSD), which has no nearby facilities tohase warm food. It
was also vital for the observer to review the turn ordtily roster appearance sheet the
day before it was due to commence to best prepare for any sedatde amendments to
the roster turn. Moreover, the observer found it wiséd gain a much deeper
understanding of the route learning process prior to comngetiznobservation, which
involved the observer spending valuable time in the manageurces office to better
understand signalling (see Figure 28, for a visual represantaowell as the train
simulator for traction and route knowledge (see Figure 29 fasual representation) to
acquire an insight as well as an understanding of theugmprocedures that are
implemented, for example, when a train is delayed aancelled due to

operational/equipment failure or safety related incidents.

Figure 28: Observer in the manager resources office lealaisig signalling
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Figure 29: Observer in the train simulator acquiring baaation and route knowledge

4.6: Daily roster appearance sheet

The main purpose of the daily roster appearance sheetnifotm train drivers of any
amendments to their turn. Since the rostered turn cauliddified + or+1 hour from
the original time i.e., diagram amendment from lormgatelanning (LTP) to short-term
planning (STP) up to 24 hours prior to the booking on time whetaaned or unplanned
(ATW, 2016), train drivers must remain flexible and accadating to amendments, as
well as ensure they have reviewed the latest versidmeaddily roster appearance sheet
(see Figure 30 and Figure,3ar a visual representation). Therefore, the obseawsured

he reviewed and confirmed the upcoming turn from the dailyrapfgearance sheet, and
had revised the book-on, book-off and any amendments touthe This extra step
ensured a much-needed validation and reassurance of tiedron time as the observer
wasonlyprof LGHG ZLWK WKH WUDLQ GULYHU UL @QWYW2AHCFAWR '
W X U Q Toh &R Boldk-off times several days prior to the obsierva&commencing,
which could have potentially been amended. The daily raprarance sheet also served

to verify and confirm any changes to upcoming rostered turns.
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Figure 30: Daily roster appearance sheet board
Daily Roster Appearance Sheet

Link:  AllLinks

Date:  18/12/2017 Day: Manday
Depot: Cardiff Valleys Driver

s
Change | Book | Book | Rostered | Details | Remarks
Ind on__| off Hours.

T e e
: 49| 9.25 | 427 Amended Turn. 2P09 07.48
2 AEIRY Cardiff C-Penarth
% [07:44 | 16:54 | 9.10 |426 Amended Turn. 2V05 08.06
Cardiff C-Radyr
J % [0B:48 | 18:00 | 9.12 |424 Amended Turn. 2Y21 09.10
Cardiff sle
RL [ 09:0016:00 7.00 |RL |
T [09:48 |18:29 | 8.41 |463 Amended Turn. 2A18 10.11
B Cardiff C-Aberdare
| G % [09:49|19:00 | 9.11 |425 Amended Turn. 2Y27 10.10
- Cardiff C sle
2 08:54 [19:05 | 9.11 | 429 'Woodﬂfum. 2P2910.16 |
Cardiff C-Penarth
05:55 | 18:24 | 8.29 | 428 Amended Turn. 2R06 10.16 |
Cardiff C-Rhymne:
~ Amended Turn, 2H01 18.16
4 Cardiff C-Y.
ended Turn. 2038 13.01
Cardiff C-Bai

nded Turn. 2A32 13.41

urn. 1351
[ Amended Turn. 2M34 13.56
7

Figure 31: Close up of a typical daily roster appearaheets

4.7: Responsibilities before driving

At the starting stage of the observation there wasge ivolume of information to absorb,
digest and comprehend. However, over time the focus shiified global information

processing to selective attention to informational changes, local information
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processing Lewis, Ellemberg, Maurer, Dirks, Wilkinson, & Wilson, 2004; Nertin
Gleichman, Olinick, & Lamp, 2006) in the form of absorbinggedting and
comprehending only the latest displayed information and&escthat were being added
to the various notice boards. Below is a list of allthgous notice boards and cases that
all train drivers must read in no particular order befeommencing their rostered
diagram duties. It is good practice for all train drivieradopt a preferred order sequence
and strictly adhere to that said order so that nothing isoxezlooked or missed out. The
observer adopted a preferred order of sequences that heafidtthe most logical sense
to him, which is presented below. The advantage of adheringte-@efined order of
sequences is that in the event that attention is drexay ftom the displayed information
e.g., talking to other drivers, guards, resources managersthet train driver is able to
quickly return to the exact step priortt@ interruption by repeating their preferred order
of sequences while acknowledging those that had alreadycoeepleted, making it far
easier to know what is left to view as well as ensuring notlsirayerlooked or missed
out that could potentially be vital knowledge while driving théntan a particular unit

type or route.

4.7.1:Fitness for duty visual inspection

The booking-on office for the observer was Cardifintcal. At Cardiff Central, the
resources managers team visually inspects train drivaasstowe fithess for duty when
they come to collect their duty diagram (see Figure 32yuRition 24 of the Railways
and Other Guided Transport Systems (Safety) Regulations 28GEM@ndedROGS)
requires that controller of safety critical work enstivat staff are competent and fit to
undertake their safety critical activities. In additioegulation 25 of ROGS requires that
safety critical workers such as train drivers are ndasgued that the health and safety
of the train driver or of other persons on the transpgstesn could be significantly

affected. However, other depots within ATW adopt an offsiteking-on systems, which
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means that not all booking-on locations across the liiaacarry out a visual inspection

of fitness for duty. Moreover, other Train Operating @ames (TOC) implement
automated booking-on systems, which bypasses human traaraompletely unless

there have been any amendmentskdt GULYHYV GXW\ GLDJUDP ZKLFK
the train driver to speak to an offsite resources maneg®esentative. The visual
inspection is usually carried out by the resources teamwoludd obsere train drives

at the booking-on office using their best judgement tdlisnspect individuals, and
determine whether there are any indicators that the draier would be prevented from
carrying out their duties safely, such as indicaiore/ \SLFDO RI WKH WUDLQ G
e.g., smell of alcohol, stumbling or trippingpeech impairmentnot having their

corrective glasses, etc. but to name a few.

o

Figure 32: Observer fitness for duty

4.7.2:Diagram schedule sheet
The diagram schedule sheet provides a breakdown for théheitrain driver has been

assigned to operate. This will include all the relevant mé&iion the driver will need for
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their duty roster, which includes; the diagram number; bgp&im booking-& and the
unit type (e.g., Class 143, Class 150, etc.) Fig@rand Figure 34 provide an example of
the typical diagram schedule sheet a train driver wbaldssigned at Arriva Trains Wales
(ATW). It is important to note that it is the responsibiliti/the train drivers to ensure
they are fully component to operate all unit types (€tass 140s, Class 150s, etc.)
presented in the diagram schedule sheet as well as having l@buired route knowledge

to operate their assigned diagram schedule sheet.

Diagram Roster

This section presents the book-on, book-off
and the duration (hours) of this diagram. In
this example, the driver would book-on at

Diagram Modification (LTP) CVDVR

In this section you will see one of two acronyms — Long Term This section states that this
Planning (LTP) or Short Term Planning (STP), which reflects diagram is designated for a
whether any changes have been made to the diagram from its Cardiff Valley (CV) Driver

Diagram Number (437)
This section presents the
diagram number. In this
example, this is Diagram

14:13 and book-off at 23:40, which original version (i.e., LTP) to the revised diagram version (i.e., (DVR). Number: 437.
represents a shift duration of 9 hours and 27 STP).

minutes.

Diagram Applies:

This section presents the time period Main Rest Break (MRB)

this Long Term Planning (LTP) diagram

S < This section presents the information for the Main Rest
version is schedule to be operational.

Break (MRB). In this example, driver rostered diagram
number: 437 (yourself) is being relieved (RELD) at
Cardif Central at 16:49 by Cardiff Valley (CV) driver
rostered diagram number: 449. Driver rostered

Unit Class

This section presents the unit type. In this example,
British Rail Class 143 is scheduled to operate this part
of the diagram. However, it is important to point out

diagram number: 437 (yourself) is provided with 5
minutes to reach the breakroom where the allocated
30 minutes MRB (16:54 — 17:24) can commence.

that in unf ble planned or
circumstances, the stated unit type can be replaced
based on availability to meet operational needs.

REL
\ The driver is allocated 5 minutes to relieve (REL) the

Rhymney (RH) driver working rostered diagram
number: 609 at 17:29 at Cardiff Central, who will be
sitting in the cab as the train arrived at 17:27.

REL

This section presents the information of the driver you
will relieve (REL). In this example, a Cardiff Valley (CV)
driver who has been rostered diagram number: 414
will be relieved by the driver rostered diagram
number: 437 (yourself) at 14:33 on arrival from Canton
Shed (CS).

Timetable and Station Stops

This section presents the information for all stops the
train is scheduled to arrive and depart to and from
stations. In this example, the train arrives at Cardiff
Central (Cardiff C) at 14:33 where driver rostered
diagram number: 437 (yourself) is scheduled to depart
at 14:36 heading to Treherbert (Treherbrt), which
arrives to the final destination at 15:40.

Head Code (2732)
This section presents the head code of this part of the diagram.
This information is also required to be entered into the On

FSX RELD

This section presents the daily information about This section presents the information of the driver
the section of the diagram. In this example, F is rostered diagram number: 437 (yourself) being Train Monitoring Recorder (OTMR), Driver Advisory Systems
Friday, S is Saturday, X is expected. Therefore, this relieved (RLED) by a Cardiff Valley (CV) driver who (DAS) and Global System for Mobile Communications — Railway
part of the diagram is not the same throughout has been rostered diagram number: 449 at 16:49. (GSM-R)

the week.

Figure 33: Diagram breakdown (page 1 of 2)
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Short Rest Break (SRB)

This section presents the information for the Short
Rest Break (SRB). In this example, driver rostered
diagram number: 437 (yourself) is being relieved
(RELD) at Cardif Central at 19:59 by Cardiff Valley (CV)
driver rostered diagram number: 430. Driver rostered
diagram number: 437 (yourself) is provided with 5
minutes to reach the breakroom where the allocated
15 minutes SRB (20:04 - 20:19) can commence.

Detach Portion (DP Rear 2 cars)

DP refers to Detach Portion (DP). In this example, the
driver rostered diagram number: 437 (yourself) will
need to uncouple the rear 2 carriages.

— T )
— . A
—C L LK)
TV | —
L iE )
saces

Immobilise (IMM)

IMM refers to Immobilise (IMM). In this example, the
driver rostered diagram number: 437 (yourself) is
required to shut the train down and look the doors
once at Canton Shed Depot (CSD).

Taxi

This section provides the taxi pick-up and drop-off
times. In this example, a taxi will pick up the driver
rostered diagram number: 437 from Canton Car Pack
at 23:20 and drop-off the driver at Cardiff Central at
23:30.

Routes (050 053 056 303 W16 WD1)

This section outlines the route codes for each specific
route that the train driver allocated diagram number:
437 MUST have route knowledge competency and not
be in the process of route learning, unless the driver
that has been allocated diagram number: 437 is
accompanied by a train driving instructor while in the
process of route learning.

Driver Only Operation (DOO)

DOO refers to Driver Only Operation (DOO). In this
example, the driver rostered diagram number: 437
(yourself) can operate the unit without a guard (i.e.,
conductor) nor passengers.

Figure 34: Diagram breakdown (page 2 of 2)

4.7.3:Signing-on sheet

The main purpose of the signing-on sheet (see Figure 3§, Visual representation) is

for all train drivers to acknowledge that they have readgerstood and will fully adhere

to, the booking on statement (ATW, 2016) as well as to detkeg have had the
minimum rest period beforelsIQLQJ RQ ZKLFK IXUWKHU YGAMADHDWH
In addition, the signing on sheet requires that train tsiveite down their allocated
diagram turn number, which further ensures that they #igeciimpetent with the route

and traction knowledge requirements to operate their ressigiagram schedule sheet

(see RSSB, 2017b; RSSB, 2018d, for reviews).
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Figure 35: Signing-on sheet

4.7.4:SPAD notice case board

The Signal Passed at Danger (SPAD) notice case boadr(gare 36, for a visual
UHSUHVHQWDWLRQ GLVSOD\V D®XDWKHK WHHF HRGWXDQRIQ
franchise as well as the route (i.e., location) of$RAD, which includes images of the

signal that the train driver had SPAD. In addition, the SR#dlice case board also
provides train drivers with information of the variousltin8PAD signals across Wales,

which serves as a reminder to train drivers to remain wigéad alert at all times, with

extra focus on a multi-SPAD signal. According to Moor (20Emulti-SPAD signal

refers to if there have been two or more SPADs at thekdyring the five years prior

to that point in time. Moreover, the SPAD notice casarthalso displays other Train
OperatiQJ &RPSDQ\TV 72& 63%$'V WKDW R ¥YHEFDW RQR/QDW KiH
It is important to point out that despite train drivers vaine involved in SPAD incidents

being anonymous, identifying who was involved in a SPAD is not fifioudi as a train

driver can easily extrapolate information from the ®Pa&lert case, such as date, time
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and route to determine who was working the assigned diagramiti$eross-referenced
with the daily roster appearance sheet. Moreover,naltise strategies include train
drivers who may have been otherwise assigned as adypaewould see themselves
catching (i.e., assigned) a diagram number, which was previagsigned to another

driver on the daily roster appearance sheet, but that avano longer available to work

that diagram turn.

Figure 36: Signal Passed at Danger (SPAD) notice case board

4.7.5:Weekly operating notice booklet

The weekly operating notice booklet (see Figure 37, forumliigpresentation) provides
train drivers with all the planned weekly safety notidesgporary speed restrictions,
engineering arrangements, signalling and permanent wawpatlter information. Train
drivers must read, understand and fully adhere to whatdesdbearly outlined in great
depth in the weekly operating notice booklet. However, theliebe occasions when
there are unplanned operational safety notices, tempspagd restrictions, engineering
arrangements, signalling and permanent way alternative hwham drivers must be

made aware of and which are displayed on the late n@szelmward (see Section 4.7.6).
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PRIVATE AND NOT FOR PUBLICATION

ATW
Cardiff Valleys

Week No.

37

WEEKLY OPERATING NOTICE

Containing

SAFETY NOTICES
TEMPORARY SPEED RESTRICTIONS
ENGINEERING ARRANGEMENTS
SIGNALLING AND PERMANENT WAY ALTERATIONS
NEW ITEMS

(DETAILS OF WORK ALREADY CARRIED OUT
GENERAL INSTRUCTIONS AND NOTICES
(AMENDMENTS TO OPERATING PUBLICATIONS

(MISCELLANEOUS INSTRUCTIONS;

SATURDAY 09 DECEMBER 2017
to
FRIDAY 15 DECEMBER 2017

THIS NOTICE COVERS SELECTED LINES ONLY

Printed on Fri Dec 01 2017
woekty your locel Manager

Figure 37: Weekly operating notice booklet

4.7.6:Late notice case board

The late notice case board (see Figure 38, for a vispetgentation) provides train
drivers with the most recent unplanned operational wafetices, temporary speed
restrictions, engineering arrangements, signalling andgeent way alternative, which
train drivers must be made aware of before commencingdtigeduled diagram turn.
An example of the kind of information that would be displagaedhe late notice case
board may include emergency unplanned speed restrictiondoduaforeseeable /
unplanned Network Rail engineering work. It is important to highlight all planned
operational safety notices, temporary speed restigti@ngineering arrangements,
signalling and permanent way alternative are published in te&lyeperating notice

booklet as presented in Section 4.7.5.
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Figure 38: Late notice case board

4.7.7:New notice case board
The new notice case board (see Figure 39, for a visualemation) provide train drivers

with information from notices being transferred from Bite notice case board.

Figure 39: New notice case board
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4.7.8:General notice case board

The general notice case board provide train drivers withrmation that is non-safety
critical in nature (i.e., traction or operational infaation). For example, a number of train
drivers have been late, please check your booking-on Amether example (see Figure

40, for a visual representation) can be seen below;

M7KLVY PRUQLQJ DQ $UULYD VWDII PHPEHU ZDV KLW
Square whilst being stood on the pavement after crossing the road. A car

illegally mounted the kerb to drop off four workers for the building site and

hit the staff member on his left side.

‘HYYH QRW JRW D GHILQLWLYH GDWH ZKHQ WKH ZRU
please be extra vigilant in this area during this time. If you see any illegal

traffic activity in this (SIC) areas, could you please report it, with a photo

WR \RXU WHDP PDQDJHU ¢

(@ ARRIVA

Figure 40: General notice case board
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4.7.9:Permanent notice case board

The permanent notice case board (see Figure 41, for a werakentation) provides
train drivers with information such as safety statesémit remain posted indefinyeas

a continuous reminder that all train drivers must adhetbgse announcements at all

times

Figure 41: Permanent notice case board

4.7.10:Seasonal notice case board

The seasonal notice case board (see Figure 42, for a m@puesentation) provides train
drivers with information that directly affects the tian, track or signal. For example,
when a section of track is flooded, the train driver neéedsdhere to rules outlined by
Arriva Train Wales (ATW see Figure 43, for a visual representation). If watebava
the top of the railhead, movement of the unit is only peechiby instructions from
Operations Control. In addition, if the water is moving &kelly to dislodge the ballast
or has dislodged ballast, the movement of the unit rigedsme to a complete stop and
wait for further instructions from Operational Contrdbwever, if the water is at any

level of the railhead, movement is restricted to a maxinspeed of 5 mph (10km/h).
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Water levels below the bottom of the railhead are @tedde for normal working

movement.

Figure 42 Seasonal notice case board

=
¢

(@ ARRIVA =2, .

i ®

Figure 43: Example of a seasonal notice

4.7.11:Low adhesion board

The low adhesion board (see Figure 44, for a visual repieg&eT) provides train drivers

with information on sections of the route that haws kdhesion, i.e., grip (e.g., leaf

contamination on the railhead) or how the sanders openatéferent units.
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Figure 44: Low adhesion board

4.7.12:Health and safety notice case board

The health and safety notice case board (see Figure ¥%, ¥sual representation)

provides train drivers with mandatory health and safdtoymation that must be followed

at all times. For example, at Canton train drivers hevevear safety glasses eye
protection at the depot once they leave the carriagehér words, before the train driver

is able to put their foot on the depot, safety glassepmyection must be put on.

=
hl

Figure 45: Health and safety notice case board
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4.7.13:ASLEF notice case board

ASLEF (Associated Society of Locomotive Engineers &itdmen) is Britain's trade
union for train drivers. Therefore, the ASLEF noticeecasard (see Figure 46, for a
visual representation) provides train drivers with infation on the next branch meeting
as well as important published information updating train drivievar@ous union related

matters.

Figure 46: ASLEF notice case board

4.8: Setting up the cab environment

The observer experienced setting up the cab environmagmificent number of times
throughout the four weeks period as the observer was prhsemy the procedure of a
train driver being relieved (RELD), setting up the variougying-on in-cabin systems
e.g., the Global System for Mobile CommunicatiaxRailway (GSM-R), the On-Train
Monitoring Recorder (OTMR), and the Driver Advisory SyssgiDAS). In addition, the
procedures for changing unit ends (see Section 4.8.3) assviiie for preparing and

moving a unit from Cardiff Shed Depot (CSD) was observed (sego® 4.8.4).
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4.8.1:Visual inspection of the unit

One of the protocols within the cab environment involvedrdia drivers ensuring that
the unit they are about to operate displays the finalnd¢gtn as well as ensuring the
correct unit headlights are switched on (e.g., white ferfribnt end and red for rear end).
It was observed that as the unit approached the platfortnathelriver visually inspected
the final destination being displayed on the unit, whicloimes cases were correct when
relieving a train driver on a partially completed route,&he unit route did not terminate
at Cardiff Central and continued on to its terminal staptatform. If this was not the
case, the train driver would then be required to amendesination blind to reflect the
final destination of the section route as outlinedrendiagram. Good observed practice
was for the train driver to communicate with the train guarderify the tail end of the
train also reflected the terminal station platformtbé& unit. It was observed that
establishing a friendly relationship facilitated in guardssésgi by setting up the
destination blind on approach to the terminal station platforhere seemed to be a
mutual understanding and facilitation of this additional tasthe Valley line guards but
was not always the case on the main line. Despitedbislieing relatively simple and
straight forward to execute, this task is done manually amaires the rolling through
the various terminal stations until the correct stat®odisplayed, which adds an extra
minute in setting up the cab environment. Other train opgrabmpanies (TOCs) have
implemented digital boards to display the terminal statiBeshaps Arriva Train Wales
(ATW) could introduce digital boards as part of their pragobeew rolling stock (i.e.,

train units) strategy.

4.8.2:In-cabin systems
There are several in-cabin systems that the trainrdneeds to setup and log-in. For the
purpose of simplicity, the observer will only describe slgstems that require the train

driver to log-in their credentials, which are; the On-iifdionitoring Recorder (OTMR),
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the Global System for Mobile CommunicatioasRailway (GSM-R), and the Driver
Advisory Systems (DAS). These in-cabin systems doviodispecific safety priority, but
which system the train driver chooses to log-in firgherparticular order can be carried
out at their own discretion. However, train drivers tenddopa a preferred order of
sequences for their log-in procedures, which are for éngesreasons that have been
previously identified i.e., reducing human errors due to distnas or streamlining setup
procedure due to continuous monotonous repetition (e.g., 10+ fCQudiEn Streett
Cardiff Bay return as it is a single track with obepsat each end), such as those that can
be found at the start of a diagram (e.g., diagram numbersédd&;igure 47) or at end of

a diagram (e.g., diagram number: 433, see Figure 48).

Figure 47: Diagram number: 448
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Figure 48: Diagram number: 433

Observation for all four train driving instructors revealed &erified that beyond the

initial setup procedure of keying-in the unit (i.e., mobilisthg train and placing it on
neutral), train drivers seemed to adopt the same pedfenethod+tOTMR, GSM-R and

DAS. This was not too surprising when considering that the OTMiermyis the furthest

DzD\ IURP WKH GULYHUfV VHDW O R BDMWViEEGGEHKANG G W K
DAS are directly in front of the train driver (see Figdf. However, it is important to
highlight that login into the GSM-R is high priority, foll@d by the OTMR and only if

time permits, as well as it being safe to do so, the .[B&ow is a brief description of

the function of these three systems; OTMR, GSM-R an& chronological order in

which they were independently setup
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Cooling Fan

Driver Advisory Systems (DAS)
The Driver Advisory System (DAS) hg
been designed to provide train drivers

with real time guidance for the

control of the unit's speed and

braking behaviour in order to follow

the optimum speed profile. v

Automatic Warning System (AWS) Audible Indicator

The AWS audible indicator generates one of two

distinguishable sounds from all other audible cab

indications. These are:

F aclearindication (i.e., a bell sound or electni
equivalent), or;

F awarning indicator (i.e., a horn sound or electimn
equivalent).

[

Automatic Warning System (AWS) Visual Indicators

The AWS visual indicator displays one of two disivie

visual indications.

¥ The black indicatioradvises the driver that the
associated signal is showing a green aspedlor
clear[ It also advises the driver that the audible
warning has not been acknowledged and, if not /
acknowledged, the emergency brakes will be
applied (i.e., AWS activation) if the audible wami
has not been acknowledged by the driver within tw
to three seconds.

¥ The yellow and black indicatioadvises the driver
that a warning indication has been acknowledged.
This serves as a reminder that a yellow caution
associated signal was shown to the driver.

Global System for Mobile CommunicationsRailway (GSMR)
The GSMR system was introduced to deliver secure and bddia
communications between the train driver and thersaler as a
means to increase safety.

| TPWS (Train Protection Warning System) Control Ran

Figure 49: Global System for Mobile CommunicatiatRailway (GSM-R), and Driver Advisory
Systems (DAS)

4.8.2.1:0n-Train Monitoring Recorder (OTMR)

The On-Train Monitoring Recorder (OTMRee Figure 50, for a visual representation)
provides a systematic safety monitoring system as a n@gnsventing incidents and
accidents Q *UHDW %ULWDLQYY PDLQOLQH Uldbsetya@bns V\VW
revealed that the train driver instructors had to entetth GULYHUfV ,'" DV ZH(
corresponding diagram section head code (see Section mib2DTMR. Therefore,
VLQFH D GULYHUTYfV ," DQG KHDG FRWHK iy @iHedy\Wel UHG L

driver, the unit and the infrastructure performance inpiréod leading up to and when
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possible directly after an incident or accident can beetad to support the investigating
team to better understand the circumstances leading up tacident or accident+
whether train driver related (i.e., human error) or agitipment failure (RSSB, 2014b).
As a result, the OTMR provides Arriva Train Wales (ATWY arther key stakeholders
e.g., the Rail Safety and Standards Board (RSSB), theeQif Rail and Road (ORR),
the Rail Accident Investigation Branch (RAIB), and Netkdrail, with a complete
digital record of each state change of all the monitoredlactions within the unit signals
e.g., Train Protection Warning System (TPWS), Automatarmg System (AWS),
'ULYHUYV 6DIHW\ 'HY LF Heed6dnd Bridkih savéxiy,Loapeviding on the
severity of the accident. In addition, the OTMR recdrdata can also be used to further
support the case to review and potentially revise the custandard protocols and
procedures in order to actively promote continuous developfoenhange as a means
to prevent future incidents or accidents from recurring (RS%®R4b). Therefore, the
OTMR is the equivalent of the 'black box' timinstalled on all aircrafts. Moreover, the
OTMR employs proven techniques to provide protection of therded train data during
accident conditions, which ultimately provides a securta dacord for accident
investigations (Arrowvale, 2018). However, the OTMR is morantla secure data
recorder for the rolling stock fleet. The OTMR is alsodubg ATW to evaluate train
driverVIRSHUDWLRQDO SHUIRUPDQFH DQG KPRHWUDRYHA L
manager can sit down with them and discuss their drivinlg sbyproactively reduce
unforeseeable potential safety incidents as well as weproverall operational

performance.
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Figure 50: On-Train Monitoring Recorder (OTMR)

4.8.2.2:Global System for Mobile Communication&Railway (GSM:R)

,Q *UHDW %ULWDLQYV PDLQOLQ H G DUWOTEY tNiMUBWVeiR W K |
and signallers must be able to communicate all at {R8$B, 2018b). As a result, the

Global System for Mobile CommunicationdRailway (GSM:R) system (see Figure 51,

for a visual representation) was introduced to deliver senuteeliable communications
between the train driver and the signaller as a meamgitease safety (Network Rail,

2018; RSSB, 2017a) and has been adopted across five costeerthe standard
communication protocol (Chetty, Chen, & Woodbridge, 2016). G&8MR is a
constituent part of the ERTMS (European Rail Traffic Bigement SystenChettyet al,

2016), which uses modern digital technology &8 W RI WKH HPHUJLQJ upGI
(RSSB, 2018c). In addition, the GSM has an alarm function that has been integrated
LQWR WKH 'ULYHUYV 6DIHW\ '"HYLFH '6WF&HGDKLFX $ZK
automatically alert the signaller should the driver bezamsapacitated (Network Rail,

2012). It is important to point out that in-depth procedures baen developed and

refined at Arriva Train Wales (ATW) to streamline and dtadise communication
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between the train driver and the signaller (see RSSB6&0for review) to further
enhance safety as well as potentially reduce network disruptibesher the GSMR is

utilised for normal pointe-point call, urgent pointe-point call, or railway emergency

group call (RECNetwork Rail, 2013see Figure 51). Observations revealed that the train
GULYHU LQVWUXFWRUV KDG WR MWHU WEKHUHVERIQYE.

section head code (see Section 4.7.2) into GBM

Railway Emergency Group Call (REC)

Emergency call to signaller and all other trainshia area
leading to all trains within the immediate area cimg to a
stand.

Urgent Point-to-Point call
High priority call to Signaller (Secure Point-tar)o

¥ Police assistance required.

¥ Person taken ill and requiring medical assistance.

¥ Signal irregularity e.g. observing a defective algn

s Lineside fire not affecting other lines.

¥ Train evacuation urgent but controlled.

¥ Unauthorised person within the boundary fence.

t Acts of vandalism including stone throwing. Normal Point-to-Point call
¥ Rough riding over a section of line. Normal priority call to the

s Missing TSR or ESR board or lights out. signaller for NON URGEN
s Train wrongly routed. information.

Figure 51 Global System for Mobile CommunicationsRailway (GSMR)

4.8.2.3:Driver Advisory Systems (DAS)

The Driver Advisory System (DASee Figure 52, for a visual representation) has been
designed to provide train drivers with real time guidancéi®control of the unit's speed
and braking behaviour in order to follow the optimum speedier@flitchell, 2018). At

the point in time the observation took place, the DASdmdyl just begun to be rolled out,
with financial incentives being provided to train drivers éytlopted to interact and utilise
the DAS unit under advisement. Therefore, the effectieoé<DAS as an advisory
information system as a means to reduce energy wastdgecaease network capacity
without reducing the service quality or performance will negdurther research by

Arriva Trains Wales (ATW). Observations revealed thatttha driver instructors had
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WR HQWHU WKHLU GULYHUYV ,' DV UIHO © HIFFW IWRsé¢ IKWH B &

Section 4.72) into DAS.

Figure 52: Driver Advisory Systems (DAS)

4.8.3:Changing ends

On a diagram scheduling sheet (see Section 4.7.2) traimsiwilealways have to change
ends at either the final station platform (e.g., Ga@kntral) or terminal station platform
with a buffer stop (e.g., Swansea or Cardiff Bay). réhare preparation and moving
procedures in place that must be carried out at eithdéintlestation platform or terminal
station platform with a buffer stop that train drisenust follow (See RSSB, 2017b; RSSB
2018d, for reviews), such as; platform speed restrictionppisty distance from the
signal or buffer stop as well as keying out from the unit @taservation revealed that
beyond the keying out from the unit and logging out of theb@ll System for Mobile
Communications + Railway (GSMHR) system (see Section 4.8.2.2) and the Driver
Advisory System (DASsee Section 4.8.2.3) train driver instructors also clanige
destination blind to reflect the final destination of tkeersection route as outlined on the

diagram as well as changing the headlights to reflectaihend (i.e., red) of the unit
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before finally stepping out of the cabin environment to visuakpect and verify the
changes. The observer accompanied the train driver it@trilcoughout this process,
which always included walking across the length of the platforimont of the train until

a visual inspect and verification could be carried owrder to ensure that the tail end
headlights were operational and indeed the tail end hetslligbrthermore, the train
driver verified and inspected that the final destinationalss displaying the new section
route as outlined on the diagram. Upon completion, thermat visual inspection of unit
was carried out, simply to make sure there were no issuetamages that could
potentially impact safety or operational function of timi. At the other end of the unit,
the reverse procedure was carried out. This also provideg@ortanity for the train
driver and guard to exchange information e.g., any operaigsads or the guard letting
the train driver know (s)he had changed the headlightdestthation blind to reflect the
new section route as outlined on the diagram. If thisdee, then walking to the now
front end of the unit to visually verify and inspect the heatdigind destination blind
was all that was needed. Otherwise, the train driver woaddl no go inside the cabin
environment, change the headlights to reflect the fnaha@d also change the destination
blind to reflect the new section route as outlined on thgrdm. This procedure was

carried out every time the train driver had to changise

During observations, some diagrams from the Cardiff Ydite that had the very short
journey for example from Cardiff Queen Streg€ardiff Bay return route required 20+
the procedures for changing ends (see Section 4.8.2 fopées from diagram number:
446 and diagram number: 433). Observations from these repetitt/intensive Cardiff
Queen StreettCardiff Bay diagrams revealed that having a preferredrandelace to
make sure that train drivers do not miss anything out has ag&in demonstrated and
proven to be crucial in the events of showing signst@fuda. Moreover, it was observed

that it was also important to complete the changing endsegure within the cab

109



efficiently, especially on the Cardiff Queen Stre€tardiff Bay diagram section as during
busy time periods exiting the unit can be somewhat chaligrag passengers are trying
to alight while others are trying to board the train. In soms¢éances, those that are
alighting can be quite rude, while those that are boareind to ask questions, such as;
confirmation of destination, departure time or assigaoec how to reach their final

destination.

4.8.4:Preparing and moving a unit from Cardiff Shed Depot (CSD)

During prepping and moving a unit from Cardiff Shed Depot (CSBprmkensuring as
an observer that the correct Personal Protective Beprip(PPEATW, 2017b), such as;
steel toe cap shoes, hi vis vest and safety glassesbegrg used+there were an
extensive list of operational safety protocols (see RSZER,7b; RSSB, 2018d, for
reviews) that were demonstrated and explained in great. detmimportant to highlight
that the observer did not hold any formal traction kndgdeor relevant rolling stock (i.e.,
unit) technical skills to fully understand the operation&tyaprotocols. Therefore, the
observer will focus on outlining some of the issuegdawhile preparing and moving a
unit from CSD that could be a contributing factor towardgtegirather than the various

steps required in prepping and moving a unit from CSD.

One of the biggest responsibilities of a train driver isnguee that the unit that they are
prepping and moving for the purpose of transporting passengersspatato travel, as

well as the unit passing the various traction external itgpece.g.; fuel levels and air
pressure, and internal safety inspections e.g., carmagegency lighting system and fire
detection system, including a complete sweep of the cgh,Teain Protection Warning
System (TPWS), GSM5 SDUNLQJ EUDNH 'ULYHUYV 6DIHW\
Reminder Appliance, horn and wiper isolator switches, vigéastatic brake test, static

power test, emergency equipment (flags detonators and fragk clips), public address,
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sand, traction interlock, emergency brake supply, frodtaend tail end headlights and
internal lights, which should all be functioning within nofroperating parameters. For
example, train drivers must not allow a train to sgajpurney at any time during its
planned working with a defective GSR in any cab, which is a major rule book

requirement (RSSB, 2015f).

Train drivers are allocated 15 minutes to prepare to move.aDwring one observation,

WKH XQLW WKH REVHUYHUTV WHEG MPRGIUUNSHDULHQ ¥ AU GE
fire alarm warning system had anissSuU RQYHUVDWLRQ EHW ZHiig WKH R
instructor and the movement controller at CSD revealetl deapite safety being
portraited as the most significant factor within Arriva ifisa Wales (ATW), the
PRYHPHQW FRQWUROOHU DVNHGUXEKW REVHUWHHEV RN |
to be taken out with the warning fire system light on. Howetlte REVHUYHU YV W
driving instructor refused, and the movement controller altext alternative unit, which
required uncoupling from an original four carriage tractidherefore, the unit was

running far later than was originally allocated within the daagrThe original 10 minutes

was absorbed by preparing the first unit, another 5 minutes pead talking to the
movement controller, andn additional 5 minutes uncoupling the new unit as well as
having to restart all the procedures required for preparing aasrstated above. As a
UHVXOW WKH RYHUVHHUYV WUDLQQWHVY. @D WHUNW KB Y,
scheduled to the unit to be moved from SCD, which resulted isighaller calling the
REVHUYHUTV WUDLQ G UHeYASEHR dskingWwhy ¥é dnviRias Vet TisX J KV
whole process was quite stressful and set the tone dowhiole day, which brings in
rumination into the cab environment that could potentiatigréase safety critical

incidents.
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4.9: On the move

Rather than focusing on the standards and rules of tildimearailway system, the Train
2SHUDWLQJ &RPSDQ\YV 72& XQLTXH SWRWMEBPRIGV HD QR
learning/knowledge, etc., this section will discuss theowusriobservations that were
experienced by the observer that could be a contribuactgrftowards fatigue while the

unit was on the move (see Figure 53, for a visual repregemtaExtensive in-cab
observations by the observer (i.e., ~120 hours) revealeutad reoccurring themes/issues

that could be a contributing factor towards fatigue. Thesendéls and issues were
classified as; in-cab noises, in-cab temperature fluctgtjoartial unit improvements,
andinnFDE ZRUNLQJ FRQGLWLRQV %HORHUYW HBWHHLNQ@R

each of these themes and issues.

Figure 53: Observer carrying out in-cab observations

4.9.1:Cab noises

While the unit was on the move, the observer had an ex¢temgportunity to experience
first-hand some of the factors that could contribute towantigue. There were various
noises within the cab environment that were quite overwhelyningd. Observations

revealed thahoise exposure varied depending on various environmental fastans as
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traction (e.g., unit class type, maintenance, age, étagk condition weather, and
passenger behaviour (i.e., intoxicated passengers e.g.y famdaSaturday nightsr

special events e.g., sport events and concerts) to Imaingefew. When experiencing the

ill effects of fatiguethis noise exposures adversely increase the likelihood afredriver

being involved in a safety incident whether due to distractmnsan increase fo
experiencing noise sensitivity when irritated due to fatiggelow are some of the
REVHUYHUYV H[SHULHQ F Ha&f weitd uReNou@ahdwigraetiddcaQwrell V H V

as drawing focus away from the required operational tasks.

4.9.1.1:Faulty window and door seals

There were issues in various units with faulty windowsss@ag., Class 140s and Class
150s) as well as doors that did not close properly on some(amjtsClass 150s). When
the unit travelled at speeds greater than 45 miles per hoby ¢miih the windows closed,
the observer experienced continuous high pitch sounds itsédeab, changing in
frequency and intensity depending on speed variation. Unfdlyn there was nothing
that could be done to reduce the high pitch sounds. Adsarwer, time and cognitive
resources were allocated in order to come up with anteetemporary solution to fix
the seals and at least attempt to reduce the severitg bigh pitch sounds. However, in
doing so this resulted in a slight dip on the clUs¢ HUV VLWXDWLRQ DZDUH¢
observer had to confirm with the train driving instructor thike the train was safe as the
observer was unsure whether the unit was still running on ca(ite, on yellows). In
VXFK FLUFXPVW D Q Fath dWitgHnhsR i Hekplaldédl §hé importance of the
Automatic Warning System (AWS) indicator (See Section 2b#&s a meansf double

checking if the unit is running on caution.
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4.9.1.2:Loud cooling fan

The observer noted that the cooling fan (see Figure 49yevgdoud when switched on

as well as not fit for purpose. On closer inspectionptigerver was able to interact and
experience firstK DQG WKH FRROLQJ IDQYV LOBEEZBUWDRAR | RHQ
observer to even truly feel the ar 'o GLIITHUHQFH ZKLOH VLWWLQJ RC
DORQJ GURSSLQJ WKH FDEfV ZRUNLQREVMHUWHRR PBAQ
that the cooling fan was only able to gently circulate the waimmnside the cab.
Therefore, the observer concluded that the trade-dfidsn the loud noises that were
generated by the cooling fan and the potential poor beraficooling down the train
GULYHU RU FDEYfV ZRUNLQJ HQYLUR QP H QR DEKWRP S HU
operational use of the cooling fan as it introduced furtirwanted and potentially
GLVWUDFWLQJ QRLVHV LQWR WKHFRRBDBGV FARQUINUWIQBEX WE

fatigue.

4.9.1.3:0ther loud noises

The noise coming from the heater seems to have only tperational setting
configurationsloud and louder, with no option to regulate a specifgirdd temperature

(see Section 4.9.2). In addition, the air hydraulic windshigietrs aggressively bande
sideto-side while in use, which was quite frustrating as well a®yng. Furthermore,

the windshield wipers seemed to make a hissing sound in goibseand in other units

there was the common squeaking noise after tifiee wipes when the screen was dry.
There was no option available for the windshield wipefanation on intervals periods.
Therefore, it was a constant process of switch-ahsavitch-off the windshield wipers,
ZKLFK LPSDLUHG WKH REVHUYHUTVW IRR@HHgIahgriaaW LR Q
common occurrence for the observer across all the abgerved (i.e., Class 142s, Class

143s, and Class 150s).
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4.9.2:Cab temperature

There was no control in order to be able to regulateetinperature inside the cab. The
observer found that the cab environment was quite adesilironment to work inside
%DVHG RQ WKH R BWriHed ofidiahfiavh €xhd3wrsy ithvas found that diagram
did not leave sufficient time beyond setting up the Onsfrfdonitoring Recorder
(OTMR), the Global System for Mobile CommunicatioasRailway (GSM-R see
Section: 4.8.2.2), and the Driver Advisory Systems (D#&: Section: 4.8.2.3) before
the unit was scheduled to leave. Therefore, all other gqubsé cab environment
adjustments, such as temperature control and seataérgtahs for ergonomic comfort,

were an afterthought once the unit was on the move.

During very cold periods, especially during the winter nights,abserver felt as if he
was inside an ice box. In contrast, during warm dayskiserver felt as if he was inside
a greenhouse, despite the outside temperature being rglatniel. Observations
throughout the four week period identified that none of theésunibserved had air
conditioning. In addition, during observations, it becamelduiapparent that it was vital
for train drivers to have in their person a large batflevater as well as a large thermal
flask, whether filled with hot water, tea, or coffee. Thiserver realised early on during
the first diagram that both were essential in mitigatirgill effect of the various umw VvV
cab environmental temperature inconsistencies. For exainpias found that when the
FDETV VWDUWLQJ LQWHUQDO WH P 3HHIDMW XYV H&HDW LEAVO |
under the Workplace (Health, Safety and Welfare) Reguisti 992, Approved Code of
Practice and guidance, i.e., preparing and moving a unit fradifCahed Depot (CSD
see Section 4.8.4), having the available option of a harhge, whether to hold or drink
was a significant benefit for the observer to mainfaicus when aiming to remain

hydrated but the option of drinking cold water inside a cald environment was not
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appealing. Therefore, in order to reduce the potential ingdatghydration, having both

cold and hot water was crucial.

4.9.3:Cab environment

With an ageing rolling stock fleet, there were cleansigf wear and tear across all units
observed. Below are some of the observed wear and @arnbrenvironment issues that
the observer felt thatvhen feeling the ill effects of fatigued, could be a contnifgut

factor towards safety incidents.

4.9.3.1:Partial unit improvements

There was clear evidence of improvements having beegrategl into various units.
However, these improvements were clearly not even ingrieed across the same rolling
stock class, let alone the whole rolling stock fleet. &ample, it was noted by the
observer that in some units the Automatic Warning 3yg#®eWS; see Section 2.5.2.2
acknowledgement pushbutton was either a silver pushbutton thiéfiagsltdto see in
reduced lighting (i.e., in darkness) as well as having agrgonomic design, while other
units had the better ergonomic AWS acknowledgement pushbuttgn,dekich is more
visible in reduced lighting due to it being larger in sizeval§ as being bright yellow. It
is also important to point out that in some units, the AAEEBhowledgement pushbutton
was a combination of both the silver and yellow AWS agkadgement pushbutton

design at opposite end of the same unit (see Figure 54).

[ [

Figure 54: Class 143 cab with different Automatic Warniggt&n (AWS) acknowledgement pushbutton
on opposite ends of the same unit
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Observations also revealed that when changing from one uaitather, locating the
AWS acknowledgement pushbutton required conscious awareres,was not always
possible as setting-up the cab always took precedenc&éstieon 4.8.2) and in some
instances when the unit arrived behind the scheduled tireeti@plarture, the observer
noticed that the train driver quickly set-up before imraggly being given the two-buzzer
VLIQDO E\ WKH JXDUG ZKLFK LQWHFDWG W WH M"LWDG ¥ WL
V W D U Wdfe, th& bbseH/ér felt that the location of the A#¢&nowledgement button
should be ergonomically integrated on the dashboards sathe location, which could
potentially eliminate the AWS slow to cancel safety incidektsreover, the observer
noticed thain the units that still had the old AWS acknowledgement siushbutton,
some of these were so worn down that they had sunkenrfimtbehe dashboard (see
Figure 55). Furthermore, in some units the AWS acknowledgesilear pushbutton was

flush with the dashboard or in some instances even belosasidoard (see Figure 56).

Figure 55: Automatic Warning System (AWS) acknowledgemérgrgpushbutton position variation
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Figure 56: Automatic Warning System (AWS) acknowledgemérgrgpushbutton below the dashboard

4.9.3.2:Door that separates the cab from the saloon

In multiple occasions the observer experienced the thabiis designed to separate the
cab from the front saloon in the direction of traweluld open unexpectedly whether on
certain sections of the route (e.g., sharp bendsjtber when applying speed or even
braking. Closer inspections by the observer revealedrtiee state of the door lock
mechanism on some of the units, which were clearlyfinédr purpose (see Figure 57
and Figure 58). It would be reasonable for the observeresupre that entry to the cab
should be restricted as well as providing an adequate lesetuority for the train driver.
According to RSSB (2018e), train drivers must prevent uaiséd entry to the cab if
possible, by locking the doors to the cab as well as othengiicab doors i.e., the tail
end cab when changing ends (see Section 4.8.3). Howeas,dber lock mechanisms
are ineffective, which leaves train drivers vulnerablpadsesengers from the saloon who
choose to enter the cab. This potential unauthorisedscoeates an unnecessary safety
risk for both the train driver and passengers from individudd malignant intent to

exploit limited security measures.
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Figure 57: Example 1: Cab door

Figure 58: Example 2: Cab door

4.9.3.3:0ther cab environment observations

There were other noteworthy issues inside the cab thabdegver considered distracting
and frustrating as well as drawing attention away from safedyating the unit. In some
units the observer experienced light contamination fizerdestination blind (see Figure
59), which the observer felt was quite distracting during des&nFurthermore, the

condition of the cab clearly displayed ergonomic dedajlures to the extent where
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modifications were manually added to the control dashboarcchesit for further

clarification and configuration of specific units (segufe 60).

Figure 59: Light contamination from the destination blind

Figure 60: Cab light, destination light and heaterrsgttionfiguration disjly
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4.10: Discussion

The aim of this study was to identify some of the exteemaironmental factors that
could contribute towards safety incidents when fatigued throtigiograplic research
based on extensive in-cab observations. Cab obsamsatevealed that noise (whether
internal or external to the cab), cab temperaturé ,cab working conditions were major
observational concerns that could contribute towardstysamcidents when fatigued
According to Lipscomb and Roettger (1976), noise can causeyam® and mental
fatigue. There were various noises within the cab tha¢ \waite overwhelming for the
observer. Cab observations identified that the variaisenexposures were directly
linked to the numerous environmental factof$iese numerous noises resulted in the
observer experiencing continuous distraction, irritateomd lack of concentration
Melamed and Bruhis (1996) have identified that noise can qaugscal fatigue and
post-work irritability However, despite the observer experiencing noise exposure
habituation (@ghrstrim & Bj |rkman, 1988; ghrstr|m, Bj|rkman, & Rylander, 1990),
when the observer began feeling fatigued, rather thare newposure habituation
occurring, noise sensitivity, irritation, distractioand anxiety increased, which
significantly LPSDLUHG W K Hsubjeé&iveH tovidetrition levels, cognitive
performance as well aswv KH R E Vjudigemeht Bvels. Elmenhorst al. (2014)
identified that noise exposure significantly reduced cognigerformance. However,
noise exposures have been found to be more long-temstimply reducing cognitive
performance, whereby it can also affect job satisfadtbundstrom, Town, Rice, Osborn,
& Brill, 1994). For example, Smith and Smith (2017b) found &&TW, noise exposure
had a negative effect on well-being. In addition, van gamd Davies (2013) state that
individuals with a mental health condition experienagghbr noise sensitivity as well as

reporting higher discomfort levels. Furthermore, Beatehl (2016) have argued that
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noise exposures associated with a two-fold higher prevalence of anxaety depression

when compared to the general population.

Seideret al. (2016) have found that noise exposure on railway stafftseisyboor health
outcomes. For example, Lie, Skogstad, Johnsen, EngddhTambs (2016) identified
that rail staff developed hearing loss as a result of re{pesure. However, Liet al.
(2013) have pointed out that Norwegian train drivers and condu(ter, guards) had
normal hearing threshold levels comparable with thosemexposed groups. Further
conflicting evidence in the literature seems to be splitroigg whether noise exposure
in the rail industry results in hearing loss (Clark &Blxa, 1989; Henderson & Saunders,
1998; Kryter, 1999; Malleson, 198However, in Lie, Skogstad, Johnsen, Engdahl and
Tambsf(2013) study audiogram data was obtained from the electromicaheecords
of the Occupational Health service together with informatiorage, gender and type of
job but no information was collected from the Train Oppgag€ompany (TOC), such as;
knowledge of route unit (i.e., traction), track rail (irail), cab environment, and age of
the rolling stock fleet, which were clear issues and cautiri factors towards fatigue
within Arriva Trains Wales (ATW), based on observasioTherefore, it was observed
that a large proportion of noises could be reduced or dwveinated from the cab through
effective maintenance or introduction of new rolling &tdde et al. (2013) highlights
that noise exposure levels are dependent on the quatityraintenance of both the
traction and rail. Therefore, it seems that noise supowhen fatigued could adversely
increase the likelihood of a train driver being involved isadety critical incident.
However, noise was not the only observed external enviraiaméctor that could
contribute towards safety incidents when fatigued. Cab tengperatas also another

major concern observed

There were no internal controls installed inside theioarder to be able to regulate the

temperature. The observer found that the cab environmest gu#e a hostile
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environmenttoworin % DVHG RQ WKH REVHUYHU {dbserieia HG Q
(13 diagrams in total, see Table 4, Section 4.3.2), it was finadhe diagram planning
team at ATW did not leave sufficient time beyond settipgthe primary systems e.g.,
the OTMR, the GSMR, and the DAS before the train was scheduled to leawseTdne,

all other subsequent cab environment adjustments, suchmaeregure control and
seating alteration for ergonomic comfort, were aartfought once the train was on the
move. Research carried out by Hancatkal (2007) and Pilcheet al (2002) have
highlighted that working in train cabs during hot and cold tentpe¥s can result in
increased risks and a reduction in human performance taskls as; reduced
concentration, tunnelling of vision, reduced vigilance, redugerk rate, and a slower
performance on repetitive tasks. In addition, Qgaml (2015) have identified that heat
has a potential fatigue-enhancing effect when individuals padorming highly
cognition-demanding attention task. Therefore, without thiétyato effectively and
consistently regulate the cab temperature, it quicldgame apparent that effective
coping strategies were implemented and managed. As | temed on observations it
was vital for train drivers to have in their person a ldrgtle of cold water as well as a
large thermal flask (e.g., hot water, tea, or coffe@ dbserver realised during the first
diagram that both cold and hot water were essential irgatiing the ill effect of the
YDULRXV XQLWYV FDE HQYLUR&é¢dd.Raseaczh\Wald BhownLiaty X U
mild hypohydration can cause symptoms of fatigue (Gisolfi fdag, 1993; Nielseet
al., 1993; Nielsen, Strange, Christensen, Warberg, & Saltin, 1p8ir)(Ogino, Kakeda,
Nakamura, & Saito, 2014), and cognitive performance (Adan, 2013p@tal, 2011)
as well as a significant increase in minor driving ercansng a prolonged, monotonous
drive (Watson, Whale, Mears, Reyner, & Maughan, 2015). Kewéoth noise exposure

and cab temperature were one aspect from external envintedniactors that could
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contribute towards safety incidents when fatigued. Obsensatdso revealed that the

cab environment was also another major concern.

With an ageing rolling stock fleet at ATW, there were clégmsof wear and tear across
all units observed. Whether these issues were due to exdrandling exposure e.g.,
dashboars, switcheswindow and door seals or simply natural ageing e.g., rust orioroke
doors tthe cab environment was deemed by the observer to bewuiievn. However,
despite the ageing rolling stock, ATW seemed to have takantave effort to modernise
safety systems whether for ergonomic improvememjs Automatic Warning System
(AWS) and yellow AWS acknowledgement pushbutton (RSSB, 2015bficderty e.q,
integrating the DAS, which provides real time guidanceHerdontrol of the unit's speed
and braking behaviour in order for the train driver to folkw optimum speed profile
(Mitchell, 2018). Nevertheless, observations revealed thatABW, the AWS
adknowledgement pushbutton was not upgraded from the poor ergonongio déghe
silver AWS acknowledgement pushbutton to the better ergondesign of the yellow
AWS acknowledgement pushbutton. More surprising for the obseras the fact that
some units had both the silver and yellow ergonomic AWSaeladgement pushbutton
design at opposite ends of the same unit. Moreowsgstalso observed that the location
of the AWS acknowledgement pushbutton was in different lmestacross the rolling
stock fleet (e.g., Class 142s, Class 143s, etc.), which iacurprising but what was
surprising was that in some units, the AWS acknowledgemenitbptien was in a
different location within the same rolling stock clagsurthermore, in some units the
AWS acknowledgement silver pushbutton was flush with the dastilamd in other units
even below the dashboard)RU WKHVH XQLWYV WUDLQ GULYHUT
significantly increased, especially since fatigue resulimpaired alertnessakerstedt &
Ficca, 1997; Dorrian, Lamond, & Dawson, 2000; Gillbetgal, 1994; Sussman &

Coplen, 2000). This could potentially result in an AWS slow tacehsafety incident
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since the AWS needs to be acknowledged by the train dritleinwiwo to three seconds
(RSSB, 2015b). However, external environmental factors agchoise exposureab

temperature, and work conditions were one aspect that couldbct® towards safety
incidents when fatigued. Observations also revealed th&t prvessure whether direct or

indirect could also contribute towards safety incidents whaggued.

According to Zoer, Ruitenburg, Botje, Frings-Dresen an@e3l(?011), work pressure

was the most significant risk factors of railway empley for expressing mental health
complaints. For example, if the train was running moeas ttihree minutes late, control

would contact the train driver via the Global System for Nolklommunications+
Railways (GSM-R) to establish whether the delay was dudé¢otrain drivey another

division within ATW or external factor e.g., signaller dlestation staff, guard, Network

Rail infrastructure faults e.g., signal box, cablefttherespass, etc. or alternatively
passenger related delays, e.g., overcrowding on commutérese(i.e., delays due to
passengers alighting and boarding), wheelchair accegilifiti-social behaviour, and
on-board incident. Based on observations, it was felt thain drivers were working
exhaustively hard to make up time where possible within thpesod the rules and
regulations in order to ensure the train operated as atogessible within the established
WUDLQ RSHUDWLQJ FRPSDQ\TV 72& WKHP H W\DHEDWHF KHR
experience, it was felt that the diagrams were designedixamse performance based

RQ $7:V WLPHWDEOH ZLWKRXW DFNQRJAUHDFK QR RW HVI
reoccurring delays such as passenger related delayspwercrowding on commuter
services (i.e., delays due to passengers alighting and bgandheelchair accessibility,

or anti-social behaviour. The observer felt that nwangld be done to actively tailor routes

based on frequently recorded delays. For example, acitit$®haviour is more common

on specific routes towards the evening as well as more pesxteon the weekend.

Beyond increasing onboard security presence persqerdaps other methods could be

125



integrated to complement current strategies such as tbeuetion of tailored deterrent
onboard public voice announcements. However, alterndtiggegies could be costly to
implement and maintain as well as redirecting valuabteuress. Based on observations,
perhaps a review could be commissione@@GéH{ WHUPLQH HDFK URXWHTV UF
that diagrams could be revised to factor in such delays goingifd. Nevertheless, this

ethnographic research was not without limitations.

One of the biggest limitations with ethnographic researttaisthe observer can become
biasedtowards the direction of the researth H MREVHUYHU HIIHFWVY /H
1982). However, Monahan and Fisher (2010) argues that ethnograpearch lies in
cultivating close ties with others in the fieltherefore, the researcher had the opportunity
to observe train drivers as well as experience firstthaome of the challenges
encounteed that contribute towards safety incidents when fatigued fratmmwthe cab
environment. This process provided a unique perspective assvpethading a far deeper
understanding of the role and the various unforeseeablenstances that the observer
had not envisioned. As a result, the researcher wasoatitebeyond making assumptions
in the comfort of a well-lit and temperature-controlled emwvnent regarding what are
some of the challenges that train drivers experiencedailyabase that could contribute
towards safety incidents when fatigued. However, it is algmitant to acknowledge
another major limitation of conducting ethnographic resgavhich was information that
waseither true or false from the train driving instructor'spective or as ambiguous and
uncertain from one or both perspectives. According to vaardn (1979), false and
misleading information is valuable to the observer whes itecognised to be false.
Therefore, it was important for the researcher to exathimethnographic observations
and when possible seek clarification from the train dgvinstructor at the earliest
convenience e.g., during the next observation or whertrée driving instructor is

booking-on for their next shift beyond the period ofdhservations. Further research is
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now needed to determine whether other objective indicatéatgue could be developed

and validated to better support the Fatigue Risk Managemem@n${BRMS) at Arriva

Trains Wales as previous chapters have identified thatuhent Health and Safety
([HEFEXWLYHYV +6( )DWLJXH 5LVN ,QGH[ BP)\ GTRWFKD D
HITHFWLYH SUHGLFWRU RI WUDE R BEWdhy Mdhifp¥tingDthetl J X H [
there are several external environmental factors (@ge exposure, inability to regulate

cab temperature, work conditions and environment) thatuthrent+6 (1V )5, FDOFXOTL
does not address or acknowledge that could contribute towdedg secidents when

fatigued.

4.11: Chapter summary

The aim of this study was to identify some of the exteemaironmental factors that
could contribute towards safety incidents when fatigued throtigiographic research
based on extensive in-cab observations. The obsenspaieed up with experienced
train driving instructors who were highly competent in operatinggriir the carriage of
passengers as well as being able to carry out their dutidss lmeing accompanied by a
third party inside the cab. The observer completed ~120 hdwsnsecutive in-cab
observations. Through the pairing, the observer wastaldbserve, discuss and reflect
as well as obtaining fundamental rules and regulations/lkeclge, traction knowledge,
and route knowledge, which also included a comprehensive uswidirsg of the practical
train handlingtall obtained within the cab. Through the processhof@jraphic research
the observer was able to identify that noise exposure @hetternal or external), cab
temperature, and cab working conditions were major obg@neh concerns that could
contribute towards safety incidents when fatigued. Howeverastobserved that a large
proportion of the identified external environmental factoosild be reduced or even
eliminated through effective maintenance or through tineduction of new rolling stock.

As a result, it is recommended that ATW considers thgtngw rolling stock added to
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the current fleet incorporates significant soundproofing enceib as well as an effective

air conditioning system that permits cab temperature @oiotr train drivers. Moreover,

LW LV UHFRPPHQGHG WahbDiW t&arm fidhtites Bbd eabhRrathGourney

the most frequently recorded delays e.g., overcrowdirgpommuter services (i.e., delays

due to passengers alighting and boarding), wheelchair aatgssibti-social behaviour,
andon-board incident, etc. in order to be able to generatgathas that realistically and
proactively reflect operation as well as produce more ateurmetables that meets
FXVWRPHUYVY WUDQVSDUHQF\ H[8H® WD WHRMHGH G) X\WRV IGH
whether other objective indicators of fatigue could be idgesl and validated to better
support the Fatigue Risk Management System (FRMS) awaArfrains Wales as
SUHYLRXV FKDSWHUV KDYH LGH QW L®DH WV K PHNF XWVKLHY H
Fatigue Risk Index (FRI) calculator used by ATW may noaibeffective predictor of
WUDLQ GUL,yds wélvasl beMy albXrirations highlighting that theresexeral

external environmental factors (e.g., noise exposurkilityao regulate cab temperature,

work conditionsandHQYLURQPHQW WKDW WKH FXU U HXGA W 6(MWY

or acknowledge that could contribute towards safety incidenén fatigued.
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Chapter 5: Developing and validating an alternative online objective
mobile indicator of fatigue

5.1: Overview of chapter

The previous chapter identified external environmental factbat could contribute
towards safety incidents when fatigued through ethnographéanegs Extensive cab
observations revealed that; noise (whether intemett@rnal to the cab), cab temperature,
and cab working conditions were major concerns that cowtdribute towards safety
incidents when fatigued. The aim of this chapseto develop and validate a cognitive
neurobehavioral performance measure for monitoring temhgtynamic changes in
sustained attention that could be used to provide an objeotheator of fatigue in
frontline safety critical workers such as train drivdrsspital staff, emergency services,
law enforcers, etc. This is crucial as it was previouslynd that the current
biomathematical model (BMM) of fatigue used at ATW ithe Health and Safety
([HEXWLYHYV +6( )DWLJXH 5LV NayQ@d Hf an) Bffectvd@ F X O C

DFFXUDWH SUHGLFWRU RI IURQWOLXQH OBYHWYV FULWLFL

5.2: Introduction and rationale

In a controlled laboratory setting, the human Psychomdigilance Task (PVT) (see

Dinges, Orne, Whitehouse & Orne, 1987; Dinges & Powell 1985 rdoiews) has
EHFRPH WKH ZLGHO\ DFFHSWHG pJROGKNWPQEL2PWGRI \
deprivation and fatigue on human cognitive neurobehaviorédnpesance for monitoring
temporal dynamic changes in attention (e.g., Beleztkgl, 2003; Dingest al, 1997;

Jewett, Dijk, Kronauer & Dinges, 1999; Lamogrtal, 2003). In retrospect, the PVT

could be traced back from the early work in simple readtine (SRT) studies that were

carried out by Wilhelm Maximilian Wundt (18321920), which was then continued by
James McKeen Cattell (186£1944) (Davis, Roma, & Hienz, 2016) and then alternative

early versions of a reaction time test, which used niagtagpe memory (Wilkinson, &
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Houghton, (1975). It is important to note that the modern PVTbéas refined several
times over the years from its original development byges and Powell (1985) (e.g.,
Basner & Dinges, 2011; Basner, Mollicone, & Dinges, 2011; @angen & Dinges,
2005), and has been shown to be sensitive to sleep deprj\fatigue, drug use, and age.
The PVT has been widely implemented using a handheld désaeeFigure 61lknown
as the PVT-192 (Ambulatory Monitoring Inc., Ardsley, New K,0USA), as well as
being extensively validated by various researchers (Basnemges, 2011; Dorrian,
Roach, Fletcher & Dawson, 2007; Lamond, Dawson & Roach, 2005 hdehal, 2008;

Loh, Lamond, Dorrian, Roach & Dawson, 2004; Roach, Dawsoa®dnd, 2006).

Figure 61: PVT-192 Psychomotor Vigilance Task Monitor

According to Basner, Mcguire, Goel, Rao and Dinges (2015) amdald, Rogers and
Dinges (2005), the PVT-192 records participants sustained attdratsma on repeated
reaction time (RT) trials to visual stimuli that occtirandom inter-stimulus intervals
(ISI) that are between#0 seconds, for a standard 10-minute period. In summagy, th
PVT-192 device operated by presenting participants with a stintbat consisted of a

four-digit millisecond counter that appears in a light-angttdiode (LED) dot-matrix

display. The response consisted of a left or right bupt@ss, which depended on the

configuration of the PVT-192 setup. The time difference betwt®n stimulus

SUHVHQWDWLRQ DQG WKH UHVERQWDFRQRY IWDPMH G 7\
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value was stored in the device and then uploaded to a personpliter, where the
individual RTs are post processed with the REACT software (Aaibdry Monitoring

Inc., Ardsley, New York, USA), or other commercially avaiéaboftware, into summary
statistics, such as the mean RTWIKH PHDQ QXPEHU RI QiBeSontésy 57V
per session (Basner & Dinges, 2011; Dinges & Kribbs, 1991; BidgBowell, 1985;
Dorrianet al, 2005; Warm, Parasuraman & Matthews, 2008). As an exempRoach

et al Vv VW X G\ HD p&fosied)althei 3 Siidu@ed/or 10 minutes RT
sessions spaced at predetermined intervals (e.g., evey? lfar a prolonged duration

(e.g., 28 hours), where each session consists of &theials (equivalent to 5 minutes),

or 100 trials (equivalent to 10 minutes). However, Khitebsal.(2014) tested the average

delay of the PVT-192 and found that their recorded delay westagrthan what was

stated by the PVT-192 manufacturer. Their recorded delaydfthat on average, it was

2.4 ms greaterwhen®SDUHG WR WKH PD Q Xy 6fTWiisUNeLeftheléss] SR U
it is important to highlight that Khitroet al. (2014) did acknowledge the possibility that

the difference found could have been due to the non-instantsmature of the light
detection circuit, or the actual delay associated with FNET-192, since their
experimental design did not permit them to be able to distingoktiveen these

possibilities.

Dinges and Powell (1985) have shown that the 10-min PVT isyhighable. Roaclet
al. (2006) wanted to investigate whether 90 seconds could also @ently sensitive
enough to detect the effects of fatigue in comparison to ¢aelier research (see Lei
al., 2004, for review), where it was possible to find significatigie-related impairment
during the first 5-min of a 10-min PVT. In this study, thesearchers compared
SDUWLFL S D QVioralpedietiddnée Eising the PVT between three differed t
durations (90 seconds, 5-min, and 10-min) to identify whedtshorter PVT could also

be sensitive enough to detect the effects of fatigue. Tthenyd that it was only possible
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to implement a 5-min PVT as a substitute of the 10-min,R¥@ not a 90 seconds PVT,
thus only further supporting their earlier research (Leh et al, 2004). However, it is
important to note that analyses of their study were cari¢diging the mean RTs and
not the mean speed responses (1/RTs). Basner and Dingest{add 1dentified that the
mean RTs should not be the primary measure of alertmedsnstead consider using the
alternative primary measure of 1/RTs. Analyses of jdum@nuscripts reporting PVT
results, published between 1982010 (n = 141) showed that there was great variability
in the use of the PVT outcome metrics (see Basner & BjriRfl 1, for review), with the
most frequently PVT outcome analyses; 60.7 per cent repan@amn number of lapses,
40.4 per cent reporting mean reaction time (RT), and 30.5epéreporting mean speed
response (1/RT)t is important to highlight that 1/RTs are calculated usiegfollowing

equation (Belenkgt al,, 2003):

5.2.1:Speed response (1/RT) equation:

"t1t fe'teel :s Llif...s—<‘- Q.I-%rrr

In a later study, Basner, Mollicone and Dinges (2011) @itodurther shorten the 5-min

PVT (i.e., Roaclet al, 2006) by developing a modified 3-min version of the PVT (PVT-

B). They found that their 3-min version could be a uisifol for assessing behavioural
DOHUWQHVY LQ VHWWLQJV -BiKPVUTHcowdKkdd npoidrdiflultvoy D Q G |
impractical to implement due to the nature of the study atitme. Therefore, further
validation is required to determine whether both the ®-RWT and PVT-B versions

could indeed be sensitive enough to detect reduced levelsgqfefaind on alternative

mobile devices. However, it is important to point out that eirous PVT versions were

administered either on the PVT-192 or a personal computer
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According to Barnhoorn, Haasnoot, Bocanegra and van Sepnb(2015), the ability
to run online behavioural experiments that require prees@ding of reaction times (RT)
tend to be significantly more complex to achieve. Nevégtise Crump, McDonnell and
Gureckis (2013) and Reimers and Stewart (2016) were able to desmemstd replicate
RT experiments using JavaScript and HTML (hypertext markup laeguag well as
other studies demonstrating comparability between lab basdd oaline based
experiments (e.g., de Leeuw & Motz, 2016; Reimers & Stewart, Z¥hbert, Murteira,
Collins, & Lopes, 2013; Simcox & Fiez, 2014). At present ratigve online experiment
solutions include; The Qualtrics Reaction Time Engine (QRjiike) (Barnhoorret al.,
2015), Training and Testing Tool (Tatool) (von Bastian, LoclgermRuflin, 2013),
WebEXxp (Keller, Gunasekharan, Mayo, & Corley, 2009), angpp@BwyRT (Schuberet
al., 2013). These experiments were created in order to providesdie online accurate
timing experiments. Barnhooret al (2015) have outlined that these libraries can be
utilised to create RT experiments that have both qotzdform as well as cross-browser
compatibility,. However, with the exception of QRTENgine, such online expetisne
require incredible programming proficiency skills and sofewanstallation packages.
Conversely, according to one of the developers of QRTEn&nélaasnoot (personal

communication, February 26, 2016) outlined that:

K.Unfortunately, Qualtrics is pretty unresponsive to queries about 3rd-

party JavaScript solutions. As far as | know, the QRTENgine works at the
moment, but we have no idea when they will be introducing more breaking
changes. Building your own task that doesn't necessarily rely on Qualtrics

to work would be the safer bef]..

In addition, due to unpredictable developments in the Quadinesonment, which made

it increasingly difficult for the team to provide a s&lf)RTEngine platformin June
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2016, the team decided to retire QRTENgine as well asghpport (van Steenbergen,

2016).

Evans, Harborne and Smith (2019) developed an alternativesanbbile version of the
Psychomotor Vigilance Task (PVT) i.e., online mobile Psyotimr Vigilance Task

(online m-PVT) The m-PVT was administereoin two distinctive mobile devicest
$SSOHTV L3KR @Edmsung@akaxy Ta4scounterbalanced for both the morning

and afternoon sessions i.e., timeday effect (see Smith, 1992, for review) and for the
duration of 25 minutes i.e., tin@+task effect (see Langner & Eickhoff, 2013;
Mackworth, 1948; Mackworth, 1968, for reviewsh their study it was found that
$SSOHTV L3IKRQH We&bK YimdH(RT)UtiaiMdré comparable to those
found in the literature (e.g., Basnerral, 2011; Basner & Dinges, 2011; Dingeisal.,

1987; Dinges & Powell, 1985; Dorriaat al, 2007; Evan®t al, 2019; Khitrovet al,

2014; Lamoncet al, 2005; Lamoncet al, 2008; Lohet al, 2004; Roaclet al, 2006)

while the Samsung Galaxy Tab 4 generated significantly si®éwY WKDQ $SSOHY{V
6s Plus mobile device and thus slower than those compaoatible literature. However,

it is important to note that based on Basner and Ding@$l) recommendations of
removing RTs< 100 ms (i.e.,@VH VWDUW DQG 57V - P\EvansH QX
et al. (2019) identified that there was a significantly higher bemof lapses for the
Samsung Galaxy Tab ZKHQ FRPSDUHG WR $SS Dhisfas In8tkddQH V
surprising when considering that since participants mean RTe slewer for the
Samsung Galaxy Tab #it would be expeetdto find a significantly larger proportion of

RTs that exceed Basner and Dinges (2011) RT cut-off (+.&00 ms) threshold
Moreover, using the timen-task effectEvanset al. (2019) revealed thafSSOH{V L3 KR
6s Plus based on RT analyses were sensitive enough dimdekeaeels of fatigue after 10
minutes on the task, while the Samsung Galaxy Tab 4 basaddrenof lapse analyses

were sensitive enough at detecting levels of fatigue afir five minutes on the task
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Nevertheless, this study did not find significant diurnalatens between the morning
and afternoon administration of the online m-PVT itene-of-day effect despite it
having been identified that performance is subject to diurn@tans (Lenne, Triggs, &
Redman, 1997). However, only 26 participants were recruitedibdngo two mobile
devices groups. Therefore, perhaps 13 participants may natd@rernough power to
detect a timesf-day effect based on a 2 x 2 x 6 mixed-design analysigaeénce
(ANOVA) with 2 x mobile devices (Apple iPhone 6s Plus, amSung Galaxy Tab 4) as
the between-subjects factor, and x 2 time of day (moroingfternoon) x 6 time on task
(1-minute; 5-minutes, 10-minutes, 15-minutes, 20 minutes, or 25-mjndegertheless,
it is important to acknowledge that EvaihtW [RO19) $tudy was not carried out to
explore the timesf-day effect, but to determine the most appropriate mobile eldwic
explore an DOWHUQDWLYH RQOLQH PRELOH YHuMWERQ RI
Psychomotor Vigilance Task (10-min PVT) that could be useutduide an objective

indicator of fatigue for frontline safety critical worlsesuch as train drivers.

Carrier and Monk (2000) carried out a review of time of dayperformance and
identified that human performance efficiency changesfasciion of time of day. The
effect of time of day on performance have been studitghsively (see Folkard, 1983;
Folkard & Monk, 1985, for reviews). For example, Patkai (197%®stigated diurnal
variations in alertness, performance, and adrenalioeegan and found that adrenaline
excretion was highest for morning workers and decreased gradusthg the day, while
evening workers showed nearly constant adrenaline excrétiaudition, it was also
found that performance did not vary during the day fornimgr workers, while evening
workers showed a steady improvement. Moreover, Laframze Rumont (2000)
examined diurnal variation in temperature, mental and palysé&rformance in university
football students and found that self-reported alertmasgs increased, while self-

reported fatigue ratings decreased throughout sessions thatpaeszl at predetermined
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intervals (e.g., every 4 hours) for a prolonged duratég., 12 hours; 08:0@20:00).
These findings further support the timéday effect. However, Smith (1992) found that
performance was faster but less accurate in the eahireywhen compared to the early
morning. Therefore, it has been found that performamcthe PVT is sensitive to both
time awake and circadian rhythms, which makes it idealpforiding an objective
measure of cognitive function (e.g., fatigue, workloadrtiadess, etc.) (Gunzelmann,
Moore, Gluck, van Dongen, & Dinges, 2011). As a resb# aim of this study is to
replicate and validate using the tim&day and timesntask paradigm to determine
whether an alternative online mobille MVLRQ RI WKH pJRm@itite VWD Q¢
Psychomotor Vigilance Task (10-min PVT) i.e., online 10-mimatdile Psychomotor
Vigilance Task (online 10-min m-PVT) could be used to provide aectise indicator

of fatigue for frontline safety critical workers suchtiesn drivers

5.3: Methodology

5.3.1:Ethical approval

The VWXG\ UHFHLYHG HWKLFV DSSURYDG®VIWRP PRLDNNGH
(EC.16.02.09.4457A). The study conformed to the seventh amendhtbatDeclaration

of Helsinki 1964 (World Medical Association, 2013) and was imed&nce with the Data
Protection Act 1998 and the General Data Protection Regulg®DPR). All participants

gave their Informed written consent (counterbalanced ronaerning / afternoon,
Appendix A; afternoon / morning, Appendix I) as well accetnic consent following

the explanation of the nature of the study.

5.3.2: Participants
74 (9 male and 65 female) mean age 19.8D € 1.61) participants were voluniiar
recruited from Cardiff University via the Experimental hdgement System (EMS) to

take part in the study. Participants were instructed notrisurne caffeine (e.g., coffee,
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energy drinks, tea, etc.) and alcohol during the 24 hourééiie study. The study
involved participants attending two counterbalanced sessiomgriaing session (i.e.,
before 11:00) and an afternoon session (i.e., after 17:00), which hedd on two
consecutive days, in exchange for £10 or partial coursetxrddie study lasted06

minutes in total for both sessions.

5.3.3: Statistical analyses

, % 0 TV isivdl[Package for the Social Sciences (SPSS) ve2ddor Mac was used to
analyse the data. A combination of various statisticatguiures were carried out on the
data; intraclass correlation coefficient (ICC) asaydescriptive analyses, mixed-design
analysis of variance (ANOVA) and a two-way analysis afarece (ANOVA) to further
explore interactions. The level ob< .05 was used for all statistical tests of this

experiment.

5.3.4: Materials and apparatus

The mobile Psychomotor Vigilance Task (m-PVT) was preseiatgarticipants oran
$SSOH L3KRQH V 30XV UXQQLQJ $SSOHYKMm\EFGUNIHUVLR C
the following hardware configurations; system chip (Apple AL RB22), processor
(Dual-core, 1840 MHz, Twister, 64-bit), graphics processor (PéReBT7600), and

system memory (2048 MB RAM). The m-PVT was displayed orbargh (diagonal)

1920 x 1080-pixel native resolution at 401 ppi Retina high defmdisplay. The m-PVT

was programmed using the client code HTML (hypertext markup lgejuand CSS
(cascading style sheets) for the page visualisation andtlajavaScript was also used to
initiate the online m-PVT, which was run using the Dolphin VBebwser (MoboTap
Inc.)onthe$SSOHYV L3IKRQH V 30XV 'ROS.KQleatéd AugurtZV HU
2011). The rational for selecting the Dolphin Web Browserthis study was that it

allowed the full screen feature to be enabled, while other nairee internet browsers
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did not, such as Safari, Chropsnd Firefox to name but a few. The online Qualtrics
Surveys (Qualtrics Labs, Inc. version 13.28.06) was also tasedllect demographic
information In order to increase validity and standardisation, allrucsibns were
administered to participants in written forms (see Appe®jiC, D, E, F, and Gor
morning / afternoon order; and see Appendix J, K, L, Mand, O, for afternoon / morning
order). Participants were also verbally debriefed atetigk of the study to explain the
nature of the study in accordance with The British Rskgical Society (BPS) code of
human research ethics (see BPS, 2014, for review) as svplioaided with a debrief
sheet to take home (see Appendix H, for morning / afterooder; and Appendix P, for

afternoon / morning ordgr

5.3.5:Design

The experiment employed a 2 x 2 x 10 mixed between-wghlnjects analysis of
variance (ANOVA) with order effect (i.e., Group 1: afteom/morning or Group 2:
morning/afternoon) as the between-subjects factome &if day (morning or afternoon)
x time on task (Iminute, 2-minutes, 3-minutes, 4-minutes, 5-minutes, 6-minutes,
minutes, 8-minutes, 9-minutes or 10-minutes) as the within-siskfgctors. The morning
session (i.e., before 11:00) and afternoon session dfter, 17:00) were held on two

consecutive days.

5.3.6:Procedure

In order to ensure participants were fully aware of the gigiuand exclusion criteria, all
SDUWLFLSDQWY ZHUH FRQWDFWHG DPH@QWD&ODOBQDJAB
System (EMS) emailing system 48 hours prior participatiach farther reminded 24

hours prior participation in addition to being provided whittef instructions through

EMS.
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7KH VWXG\ ZDV DGPLQLVWHUHG XVLAYLRSWOHWHV HDBKR
LGHQWLILHG WKDW SDUW LF L SESHVW0HV VdéiR EsMErB Qore/ L P H V
in line with those found in the literature (see Evahsl, 2019, for review). In order to

ensure no order effect, participants were randomly assigoedne of two
counterbalanced groups, with each group requiring that ipamnis come in on two
consecutive days. Group 1 were instructed to come in fafteoon session (i.e., after

17:00) first, followed by the morning session (i.e., before 11a@@he second day. Group

2 were instructed vice versa. This study consisted of twts.p&he first part was the

online 10-minute mobile Psychomotor Vigilance Task (online 104miAVT) reaction

WLPH WHVW ZKLFK ZDV D PRGLILRGHOIOYVLRQ RIWKKIRT
Vigilance Task. The m-PVT was run on the Dolphin Web Brywsobile application.

The second part was the demographic questionnaire that wasutkst within Qualtrics

Surveys mobile application. On the online 10-min m-PVT (Sgare 62), participants

were presented with on-screen instructions and a buttbtredd QG WKDW WHDG ¢
each trial, participants were shown a black screen backgranddat the centre of the

screen they would be presented with a large red fixati@tecilhe red fixation circle

(i.e., inter-stimulus interval) would remain on theesar for a randomised duration that

lasted between 210 seconds, which was then followed by a yellow stimulus eount

As soon as the inter-stimulus interval reached théamauised duration, a yellow stimulus
counter appeared counting up in milliseconds from3seconds where it would lapse

(i.e., error of omission for 0.5 seconds) and beginnthé trial, or until the participant

tapped on the screen. Once the participant tapped onrd@nstheir reaction time (i.e.,
stimulus) would be displayed for 0.5 seconds. At the éedah trial, a black background

would appear on-screen for 0.5 seconds. There were 92 tridlstahthat lasted
approximately 10 minutes. Kribbs and Dinges (1994) found thatafteximum of three

trials, the practice effect for the PVT was removed.sThiudy conservatively
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implemented five practice trials to ensure participants weiyedware of the task, which

were removed from final analyses. If participants respopdechaturely during any trial

(i.e., before the timer commenced counting up), tke would reset. To also ensure
participants were made aware of their premature respdesélibowing message in red

ZDV GLVSOD\HG RQ WKH FHQWUHHOWDKH7XKEYV HHQL u& ZX
A visual illustration of the online 10-minute mobile Psychomafigilance Task (online

10-min m-PVT) is presented in Figure.63

Figure 62: Mobile Psychomotor Vigilance Task (m-PVT)dime

1a. Participants were presented with a large red circle ifr-stimulus interval), which appeared for a
randomised duration between#10 seconds.
1b. If participants responded prematurely, a false start ngmessage appeared informing them that they

clicked too early and that the trial would be reset
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2a. As soon as the inter-stimulus interval reached thdamised duration, a yellow stimulus counter
appeared counting up in milliseconds fromb seconds where it would lapse (i.e., error of omission
for 0.5 seconds) and begin the next trial, or until gr¢igpant had tapped on the screen.

2b. Once the participants had tapped on the screenydéaeiion time (i.e., stimulus) would be displayed
for 0.5 seconds.

3. At the end of each trial, a black background would appe-screen for 0.5 seconds.

Figure 63: Visual illustration of the Mobile Psychomotgilance Task (m-PVT)

5.4: Results

The aim of this study was to use the tiofeday and timeantask effect to replicate and
YDOLGDWH ZKHWKHU WKH DOWHURQPWRLOYG RWIdDQE® B URGRIE
Psychomotor Vigilance Task (10-min PVT) i.e., online 10-minutdila Psychomotor
Vigilance Task (online 10-min m-PVT) could be used to provide aectibg indicator

of fatiguein frontline safety critical workers, % 0V 6WDWLVWLFDO 3DFND.
Sciences (SPSS) version 23 for Mac was used to analysatdneA total of 11,904 test

trials (i.e., 87 test tals per session) were submitted for data analyses, WitBapractice

trials (i.e., 5 practice trials per session) excluffedn final analyses from all 12,641
recorded trials. It is important to note that all mobile deviainning the online 10-min

m-PVT were administered through the Dolphin internet brovaser were connected
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XVLQJ &DUGLII 8QLY HEBiVdawing sertdad. X beredfe, in_rare occasions
whentheWil)L FRQQHFWLYLW)\ G UrRIS BdieGostamithisnbtr&Eardgay 1V
As a result, a total of 7.71 per cént= 975) trails of all potential 13,616 trials (i.e., 740
practice and 12,876 test) were lost and not recorded. Due targ¢feevariability in the
reporting of the PVT outcome metrics (see Basner &8sn2011, for review), this study
adopted the thremost frequently reported PVT outcome analyses; mean reaatien

(RT), mean speed response (1/RT) and mean number o lapspectively. In addition,

based on Basner and Dinges (2011) recommendations, all 11,00#lkesvith reaction

time (RTs) < 100 ms (i.e., false start), which accoundedO3 per cent (n = 4) and RTs

. PV LH QXPEHU RI ODSVHV pétkdnEK DBEDHRMRW H G
considered for exclusion from the final mean readiime (RT) and mean speed response
(1/RT) analyses. All 6.42 per cenQ RI 57V -« PV LH QXPEHU I

analysed separately.

5.4.1:Reliability and validity

The following subsections address the reliability and valifith@online 10-min m-PVT

by highlighting the importance of; reporting the effecedia provide a confidence level
in the reportegb-values, reporting the intraclass correlation cogffit (ICC), which is a

widely used reliability analysis, and reporting Mauchly's TéS&phericity, which tests

the hypothesis that the variances of the differeneesden conditions are equal.

5.4.1.1:Effect size

According to Levine and Hullett (2002), statistical tests &yhlyrdependent on sanl
size e.g., if sample size are too small, strong and impoetéects can be nonsignificant
(i.e., a Type Il error is made). In contrast, when @amsizes are too large, even trivial
effects can have impressive lookipgvalues. Therefore, reporting the effect size is

crucial as it provides an estimate of the magnitude ofeffect that is relatively
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independent of the sample size. As a result, the eflecpsovides an additional level of
confidence in thg-value. Keppel (1991) has recommended partial\efBX D WYMi

order to be able to improve the compatibility of ANOVA effsize between studies,
since etaV T X D Y)&Binot easily be comparable between studies (Lakens, 2313).
UHVXOW W KHhreRhOlOdRtZriaQvére used; .01 small, .06 medium, ancrdd |

(Cohen, 1973; Cohen, 1988).

5.4.1.2:Reliability

Even though Dinges and Powell (1985) have shown that the 1B¥fins highly reliable,
Ko and Li (2016) outline that before any assessment toolasumement instruments
can be used for research or clinical applications, ttedi@bility must be established.
According to Daly and Bourke (2000), reliability is defined as éxtent to which
measurements can be replicated. However, Weir (2008} stwdt reliability refers to the
consistency of a test or measurement. In contrast, Dedoal (2007) argue that
reliability is defined as a measure of true scores and incladexamination of stability
and equivalence. However, Weir (2005) acknowledges that the 'teliability’ has
become a confusing definition for many researchers due fartfen used in the context
of reliability within the field of psychology i.e., cossency, precision, repeatability, and
agreement. For example, even the term reliability habnceptualised as consistency,
tends to consist of both absolute consistency and relatiasistency (see Safrit, 1975,
for review). Historically, reliability has been evaluatedthwPearson correlation
coefficient, Bland-Altman plot, and pairédest (Bland & Altman, 1986; Brown, Lucero,
& Foss, 1962; Bruton, Conway, & Holgate, 2000; Hopkins, 2000). Ko an@Q16)
highlight that intraclass correlation coefficient (IC€ a widely used reliability index in
test-retest, intrarater, and interrater reliability lgses. Moreover, Ko and Li (2016)
further outline that the selection of an appropriate Ho@n for reliability analysis

involves identification of the type of reliability study twe conducted, followed by
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determining the 'Model,’ 'Type," and 'Definition' selectiorbe used, since there are 10
forms of ICCs. Therefore, since the output metricthef10-min PVT generates output
data that is continuous in nature due to it being reactiogstithe 2-way mixed-effects
model is an appropriate test for testing intrarater refighiith multiple scores from the
same rater i.e., researcher (Shrout & Fleiss, 1979) khsagi being used in test-retest
reliability research due to the fact that repeated measumtsncannot be regarded as
randomised samples (Portney & Watkins, 2000). Furthernitoie recommended that
absolute agreement definition should always be chosdrofartest-retest and intrarater
reliability research due to the fact that measurements wouttebeingless if there is no
agreement between repeated measurements (Ko & Li, 2016)résult, interpretations
are as following; values less than 0.5 are indicativeadr' reliability, values between
0.5 and 0.75 indicate 'moderate’ reliability, values betweenghd®.9 indicate 'good'

reliability, and values greater than 0.90 indicate 'exdélelability (Ko & Li, 2016).

Intraclass correlation coefficient (ICC) estimadesl their 95% confident intervals were
calculated using % 0V 6WDWLVWLFDO 3DeRde®DEFEASERVErsIoNRB fd@ R F LLC
Mac based on a mean-rating=< 20), absolute-agreement, 2-way mixed-effects model.

An excellent degree of reliability (see Ko & Li, 2016, foviesv) was found between all

20 mean reaction times (RTs) i.e., the morning online tOMPVT (1-minute, 2

minutes, 3 minutes, 4 minutes, 5 minutes, 6 minutes, 7 rsiMdit@inutes, 9 minutes and

10 minutes) and the afternoon online 10-min m-PVT (1-minute n2Zites, 3 minutes, 4
minutes, 5 minutes, 6 minutes, 7 minutes, 8 minutes, 9 minutes and nL@egni
measurements. Analysis revealed that the average medd@€ was .960 with a 95%

confidence interval from .944 to .9/(73, 1387) 28.22 p < .001.
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5.4.2:Mauchly's Test of Sphericity for mean reaction time (RT)

One of the repeated measures ANOVA assumptions is thaqutires sphericity.
$FFRUGLQJ WR )LHOG VSKHULFLWYV PDIQVEWH DK VHKY
the hypothesis that the variances of the differebedween conditions are equal. As a
result, it ODXFKO\TV W HYV Wicdty ercanéMde Ehat tere ladeCignificant
differences between the variances of differences #melefore, the condition of
VSKHULFLW\ LV QRW PHW |1 KRZHYHdgRfigam XhkeK ®isfV WH
reasonable to conclude that the variances of differeareesoughly equal. In summary,

LI ODXFKO\fV WHVW LV VLJQLILF DWW X\ AdtdeferE,V W E
the degrees of freedom are adjusted using estimates eficih advocated by
Greenhouse and Geisser (1959) and Huynh and Feldt (1976). Many aatoonsnend

that when estimates of sphericity are greater than e7Htignh#eldt estimate should be

used, but when the GreenhodSeisser estimate of sphericity is less than .75 or nothing

is known about sphericity at all the Greenho#iaeisser correction should be used
(Barcikowski & Robey, 1984; Girden, 1992; Huynh & Feldt, 198y the mean reaction

time (RT) analysesMauchly's Test of Sphericity indicated that the assumption of
sphericity had been violated for the time on ta8d4) = 73.95p = .003 Therefore, the
Huynh-Feldt test was reported instead of Sphericity Assuined &reenhous#seisser

Epsilon was greater than .75 for the time on task, anérnBoaiseseisser test was
reported for time of day as nothing was known about spheriditgther Mauchly's Test

of Sphericity indicated that the assumption of sphgritétd not been violated i.e., time

of day x time on task$(44) = 5844, p = .072

5.4.3:Mean reaction time (RT)
Figure 64 presents the illustrated mean reaction timess)(Ri€ross the different
conditions. All RTs (i.e., RTs >100 ms and < 500 ms) walenitted to a 2 x 2 x 10

mixed between-within subjects analysis of variance (ANOWAh order effect (i.e.,
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Group 1: afternoon/morning or Group 2: morning/afternoon) asb#tween-subjects
factor, x time of day (morning or afternoon) x time askt (1-minute, 2 minute
minutes, 4 minutes, 5 minutes, 6 minutes, 7 minutes, 8 mirfutagutes or 10 minutes)

as the within-subjects factors.

Figure 64: Mean reaction times (RTs) for time of day &#me bn task of the mobile Psychomotor
Vigilance Task (m-PVT)

Note:Mean speed responses (1/RTs) and Mean reaction times (BSpgctively, are presented in bins
of 1-minute intervals. Error bars represents standaridtitavs.

There was no significant main effect comparing the two t@balanced groups (i.e.,
Group 1: afternoon/morning or Group 2: morning/afterno&(y}, 72), 3.56p = .063,
o> =.047. There was a significant main effect of time of @xgenhousdseisser 1.0Q,

F(1, 72), 5.59p o> = .07, indicating a medium effect size (Cohen, 1973; Gohe
1988; Levine & Hullett, 2002), which provides a moderate level ofidente in the
reportedp-value Furthermore, there was also a significant main effetinod on task,
Huynh-Feldt=.908 F(8.17, 588.18), 25.78p o> = .26, indicating a large effect
size (Cohen, 1973; Cohen, 1988; Levine & Hullett, 2002), which preaitigh level of
confidence in the reportgatvalue All interactions were not significant. There was no

significant: two-way interaction, time of day x time task, Sphericity Assumedr(9,
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648), 1.24p=.265 2= .02;two-way interaction, order effect x time of d@phericity
Assumed F(1, 72), .455p =.502 2= .006; two-way interaction, order effect x time
on task, Sphericity AssumedF(9, 648), .701p = .708 2> = .01;and three-way
interaction, order effect x time of day x time on t&&phericity Assumed-(9, 648), .657

p=.748 ,2=.009.

5.4.3.1:Mean reaction time (RT) Post-Hoc tests

The main effect of time of day for mean reaction 8n(RTSs) is illustrated in Figure 65
and was followed by post-hoc tests with Bonferroni caiwedor multiple comparisons.
Post-hoc tests also showed that participants mean RTsalgersignificantly faster in
the morning session = 337.94 msSE = 3.38 ms) when compared to RTs in the

afternoon sessiomM = 344.36 msSE= 3.80 msp = .021.

Figure 65: Mean reaction times (RTs) for time of day (m@winafternoon)

The main effect of time on task for the mean readtimes (RTs) is illustrated in Figure
66 and was followed by post-hoc tests with Bonferroni cormecfar multiple

comparisons. Post-haetests showed that participants mean RTs were significantly
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slower after 3 minuted = 331.48 msSE = 3.50 ms) when compared to RTs after 1-
minute M = 324.69 msSE= 3.21 ms)p = .036, on the m-PVT temporal attention task.
In addition, participants mean RTs were significantlyelo thereafter from the first
minute when compared to; 4 minutes<(.001), 5 minuteg(< .001), 6 minuteg(< .001),

7 minutes f <.001), 8 minuteg(< .001), 9 minuteg(< .001) and 10 minutep € .001).
There was no significant difference when comparing ménfRm the first minuteNl

= 324.69 msSE= 3.21 ms) and second minudd € 330.11 msSE= 3.50 ms)p = .854.

Figure 66: Mean reaction times (RTs) for time on task

5.4.4:Mauchly's Test of Sphericity for mean speed response (1/RT)

The assumption of sphericity was examined using the Maudhdgtsof Sphericity. For
the mean speed response (1/RT) analyses, Mauchly's Testarfcy indicated that the
assumption of sphericity had been violated for the timéask, $(44) = 63.61p = .028,
and two-way interaction, time of day x time on ta$k44) = 61.79p = .040. Therefore,
the Huynh-Feldt test was reported instead of SphericityiAsd since Greenhouse

Geisser Epsilon was greater than .75 for the time onaaskiime of day x time on task.
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In addition, Greenhous&eisser test was reported for time of day as nothing wasrkn

about sphericity.

5.4.5:Mean speed response (1/RT)

Figure 67 presents the illustrated mean speed responses (B&ds$ the different
conditions. All 1/RTs (i.e., 1/RTs >100 ms and < 500 ms) were isigloio a 2 x 2 x 10
mixed between-within subjects analysis of variance (ANOWAh order effect (i.e.,

Group 1: afternoon/morning or Group 2: morning/afternoon) asb#tween-subjects
factor, x time of day (morning or afternoon) x time askt (1-minute, 2 minutes, 3
minutes, 4 minutes, 5 minutes, 6 minutes, 7 minutes, 8 minutesu@esor 10 minutgs

as the within-subjects factors.

Figure 67: Mean speed responses (1/RTs) for time of day aadtirtask of the mobile Psychomotor
Vigilance Task (m-PVT)

Note:Mean speed responses (1/RTs) and Mean reaction times (Bictively, are presented in bins
of 1-minute intervals. Error bars represents standaridi@vs.

There was no significant main effect comparing the two tavbalanced groups (i.e.,
Group 1: afternoon/morning or Group 2: morning/afternog(l, 72), 3.52p = .065,
o> =.047. There was a significant main effect of time of @xgenhouséseisser = 1.00

F(1, 72), 4.54p o> = .06, indicating a medium effect size (Cohen, 1973g@ph
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1988; Levine & Hullett, 2002), which provides a moderate level ofidente in the
reportedp-value Furthermore, there was also a significant main effetingd on task,
Huynh-Feldt = 994F(8.49, 611.50), 24.42p o> = .25, indicating a large effect
size (Cohen, 1973; Cohen, 1988; Levine & Hullett, 20@A)ch provides a high level of
confidence in the reporteavalue All interactions were not significant. There was no
significant: two-way interaction, time of day x time orktaduynh-Feldt= 959 F(8.63
621.44), 1.13p = .337 ,? = .02; two-way interaction, order effect x time of day,
Sphericity AssumedF(1, 72), .296p o> = .004; two-way interaction, order
effect x time on task, Sphericity Assumeé&g9, 648), .923p=.505 ,*=.01; and three-
way interaction, order effect x time of day x time task, Sphericity AssumedF(9,

648), .454p=.905 2=.01

5.4.5.1:Mean speed response (1/RT) Post-Hoc tests

The main effect of time of day for mean speed respafigBg’s) is illustrated in Figure
68 and was followed by post-hoc tests with Bonferroni cornecfr multiple
comparisons. Post-hoc tests showed that participante m&ar's were significantly
higher in the morning sessioN = 2.99 SE=.03) when compared to mean 1/RTs in the

afternoon sessioM = 2.94 SE=.03) p = .037.
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Figure 68: Mean speed responses (1/RTs) for time of day (ngaoniafternoon)

The main effect of time on task for the mean speeporees (1/RTs) is illustrated in
Figure 69 and was followed by post-hisiests with Bonferroni correction for multiple
comparisons. Post-hoc tests showed that participante m&alr's were significantly
slower in their speed responses after 4 minlkes .97,SE= .03) when compared to
mean 1/RTs after 1-minuteM(= 3.11,SE = .03) p < .001, on the m-PVT temporal
attention task. In addition, participants mean 1/RTs wigngficantly slowerin their
speed responses thereafter from the first minute whepar@ahto; 5 minutep(< .001),
6 minutes < .001), 7 minuteg(< .001), 8 minuteg(< .001), 9 minutesp(< .001) and
10 minutesf < .001). There was no significant difference in theilesi@sponses when
comparing the first minuteM = 3.11,SE= .03) and second minutki(= 3.06,SE= .03)
p = 1.00, as well as when comparing the first minMe=(3.11,SE=.03) and third minute

(M = 3.05,SE=.03)p = .122.
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Figure 69: Mean speed responses (1/RTs) for time on task

5.4.6:Mauchly's Test of Sphericity for mean number of lapses

The assumption of sphericity was examined using the Maudhdgtsof Sphericity. For
the mean number of lapses analyses, Mauchly's Test of &phérdicated that the
assumption of sphericity had been violated fortiitme on task,$(44) = 124.19p < .00],
and two-way interaction, time of day x time on ta$k44) = 84.88p < .001. Therefore,
the Huynh-Feldt test were reported instead of Sphericitsufked since Greenhouse
Geisser Epsilon was greater than .75 for the time on éasktime of day x time on task.
In addition, Greenhous&eisser test was reported for time of day as nothing wasrkn

about sphericity.

5.4.7:Mean number of lapses

From all test trials, a total of 6.42 per cer® 57V o PV ZHUH VXEP
data analyses. Figure 70 presents the illustrated mean nwhlepses across the
different conditions. The mean number of lapses webendted to a 2 x 2 x 10 mixed

between-within subjects analysis of variance (\WA) with order effect (i.e., Group 1:

152



afternoon/morning or Group 2: morning/afternoon) as the letvgeabjects factor, x time
of day (morning or afternoon) x time on task (1-minute, 2ut@s, 3 minutes, 4 minutes,
5 minutes, 6 minutes, 7 minutes, 8 minutes, 9 minutes or 10 miraga$ke within-

subjects factors.

Figure 70: Mean number of lapses for time of day and éimtask of the mobile Psychomotor Vigilance
Task (m-PVT)

Note:Meannumber of lapses are presented in bins of 1-minutevadte Error bars represents standard
deviations.

There was no significant difference when comparing then nediect of the two
counterbalanced groups (i.e., Group 1. afternoon/morning or Graup
morning/afternoon)F(1, 72), .728p = .396 ? = .010. There was a significant main
effect of time on task, Huynh-Feldt = .7746.95, 500.23), 5.19p < .001 2= .07,
indicating a medium effect size (Cohen, 1973; Cohen, 1988né&ek Hullett, 2002)
which provides a moderate level of confidence in the reggrealue All other main
effect and interactions were not significant: time of dangenhouseéseisser= 1.00 F(1,
72), .155p o> = .002; two-way interaction, time of day x time on taskynh-
Feldt= 882 F(7.94,571.65), 1.27p = .255 ,~ =.02; two-way interaction, order effect
x time of day, Sphericity Assumeé(1, 72), .242 p = .625 2 = .003; two-way

interaction, order effect x time on task, Sphericitypu#med F(9, 648), 1.00p = .437,
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o> = .01; and threevay interaction, order effect x time of day x time asKk, Sphericity

AssumedF(9, 648), 1.57p=.121 ,2=.02.

The main effect of time on task for the mean numbbéapses is illustrated in Figure 71
and was followed by post-hoc tests with Bonferroni caiwedor multiple comparisons.
Post-hoc tests showed that participants mean numbapséd were only significantly
different after 9 minutesM = .75,SE=.09) when compared to the mean number of lapses
after 1-minute M = .40,SE= .07)p = .003, on the m-PVT temporal attention task. All
other post-hoc tests with Bonferroni correction for rpldticomparisons were not
significant when comparing the first minutd € .40,SE= .07) to; 2 minutesp(= 1.00),

3 minutes p = 1.00), 4 minutesp(= 1.00), 5 minutesp(= 1.00), 6 minutesp(= 1.00), 7

minutes p = 1.00), 8 minutesp(= .480) and 10 minutep € .118).

Figure 71: Mean number of lapses

5.5: Discussion

The aim of this study using the tinoé-day and timesan-task effect was to replicate and

YDOLGDWH ZKHWKHU WKH DOWHURQPWRLOYG RWdDt® B URRIE
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Psychomotor Vigilance Task (10-min PVT) i.e., online 10-minubdifa Psychomotor
Vigilance Task (online 10-min m-PVT) could be used to provide arcowgeindicator

of fatiguein frontline safety critical workergirstly, there was no significant main effect
comparing the two counterbalanced groups (i.e., Group 1: @ftefmorning or Group 2:
morning/afternoon), which seems to indicate there wereignificant reaction time
differences between the two counterbalanced groups. S mgortant to note since any
differences could significantly impact interpretationsh& findings. Secondly, intraclass
correlation coefficient (ICC) analysis revealed an #eoe degree of reliability in this
study (see Ko & Li, 2016, for review) across all 20 meanti@madimes (RTs) which
indicates that the online 18 m-PVT was able to generate highly reliable RTs across

all participants.

In this study it was found that the online 10-min m-PVT wasisge enough to detect
levels of fatigue using the time-day effect (i.e., morning versus afternoon), whereby
participants had significantly slower reaction times (RAr) greater speed responses
(1/RTs) in the afternoon session when compared to theimgosession. These findings
also have a higher level of confidence as all signifigamilues comprised of either
medium or high partial eta-squareg?j effect size These results support Leneeal TV
(1997) findings that performance is subject to diurnal vanatias well as work by
Carrier and Monk (2000) which outlined that human performarfa@esicy changes as
a function of time of day. Furthermore, Smith (1992) hagVipusly identified that
performance was less accurate in the early evening wiepaced to the early morning
However, Smith (1992) also highlights that performance was falster in the early
evening when compared to the early mornifigs is further supported by Lafrance and
Dumont (2000) who examined diurnal variation in mental andipalyperformance in
university football students and found that self-reportedreess ratings increased, while

self-reported fatigue ratings decreased. However, Lamboumthd@ @mporowski (2010)
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argues that following exercise, cognitive task performangeroved. Nevertheless
Lambourne and Tomporowski (2010) point out that there angptex relation between
exercise and cognition whereby cognitive performance maynpaiied enhanced or
dependant on various factors such as; the time it isurezh®.g., immediately post
exercise or prolonged post exercise, the type of cognislee.g., simple reaction time
task (i.e., PVT), as well as the type of exerciseithia¢ing performed e.g., football, rugby,
running, cycling, karate, etc. In contrast, Patkai (1971) found thiairpemce does not
vary during the day for morning workers, while evening workers showsteady
improvement. However, it is also important to acknowledgethiese findings could also
be explained by participants eating and/or drinking bdfeenorning session, since it is
highly likely that participants would have had ample opportunitedrfeakfast before
commencing the study at 11:00 when compared to the opportunity twogatrior to the

afternoon session i.e., 17:00.

AQDO\VHV IURP WKH QXPEHU RI @D& ¥ewedl dnyrhdditoial -
information, which is not surprising when we consider thatetwas only a total of 6.4
per cent number of lapses recorded. However, Basneringd€(2011) reviewed journal
manuscripts that reported PVT outcome metrics andifaéhthat the most commonly
reported PVT outcome was number of lapses, which represerge@®® per cent of all
141 journals examinedn contrast, this study recruited undergraduate psychology
StXGHQWY 7KHUHIRUH SHUKDSV LQ WE&HWYUREKKWDWLF
performances (i.e., reactions) in an educational envirohsetting such as a university
may not provide sufficient sustained mental workload licit éhe timeof-day effect
(Carrier & Monk, 2000; Lafrance & Dumont, 2000; Lengteal, 1997; Patkai, 1971;
Smith, 1992) to detect fatigue leveldevertheless, findings from this study are in line
with PVT outcome metrics found in Evaasal (2019) in terms of whawas expected

from using an Apple iPhone 6s Plus mobile device. In summamnget al (2019)
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identified that the alternative online mobile versiornref PVT generated reaction times
that were either more suited for reaction time outcanaysegi.e., RT rangel00 ms =
499 ms) or number of lapses outcome analydesH 57V . Thede Mdifferences
could have been introduced as a result of both manufdwawlevare configuraticsi.e.,
processing power, display size, display refresh rate| gensity, etc.) as well as software
differences (i.e., operating systethe programming language used to build the, app

efficiency of the developefprogramming codeetc.).

Findings from this study also support previous research vt identified an increase
in fatigue results in impaired alertness (Dorriginal, 2000; Gillberget al, 1994),
whereby timeentask effect i.e., sustained attention (see Langner &hBit, 2013;
Mackworth, 1948; Mackworth, 1968, for reviews)s measured iiRTs and 1/RTs
significantly reduces after 4 minutes of continuous perfoo@arsing the online 10-min
m-PVT. These findings are consistent with previous work, wigjgested that sustained
attention drops with prolonged duration of task (Dinges & P0i@88; Dinges & Powell,
1989; Doran, van Dongen, & Dinges, 2001; Langner & Eickhoff, 201&ckworth,
1948; Mackworth, 1968). Therefore, this study seems to also supgesan online
PRELOH YHUVLRQ RI1 WiKirl PNT BoOlGbe/usED @ GHetti@fy measure
sensitivity levels of fatigue after 4 minutes on the onli@emin m-PVT for frontline
safety critical settings e.g., train drivers, hosystaff, emergency services, law enforcers,

etc. However, this study was not without limitations.

Despite studies outlining theailability to run online experiments (Barnhooet al.,
2015; Crumpet al, 2013; Reimers & Stewart, 2016) and other studies demonstrating
comparability between lab based and online based experimantd@Leeuw & Motz,
2016; Reimers & Stewart, 2007; Schubetrtal, 2013; Simcox & Fiez, 2014), in rare
occasions when the Wi-Fi connectivity dropped, pagi€ Q Vil§ Wer&/lbst.and thus not

recorded. As a result, a total of 7.71 per cent (n = 9f7tasbtrials were never recorded
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Therefore, therevas a clear need to develop an offline iIOS mobile app version of the
online 10-min m-PVT i.e. offline 10-min m-PVT. However, an i@8bile app would
require careful consideration and significant investmériinoe and resources for the
various phases of the iOS mobile app process; pre-produdésign, development, and
launch Nevertheless, before such an ambitious project is uhaertéurther research is
needed to determine whether a shorter mobile versigheobnline 10-minute mobile
Psychomotor Vigilance Task (online 10-min m-PVT) i.e., onfirmin m-PVT could be

used to provide an objective indicator of simulated workloagufat

5.6: Chapter summary

The aim of this chapter was to use the tofielay and timesn-task effect to replicate
and validate KHWKHU WKH DOWHUQDWLYH RQOW®DK® GREGP H
minute Psychomotor Vigilance Task (10-min PVT) i.e., onlineniifdte mobile
Psychomotor Vigilance Task (online 10-min m-PVT) could be usgegrovide an
objective indicator of fatigue for frontline safetyt@al workers such as train drivers,
hospital staff, emergency services, law enforcers, 7t¢65 femaleM = 19.41,SD =
1.61) participants were recruited voluritafrom Cardiff University via the Experimental
Management System (EMS) to take part in the 10-min m-PNiE study involved
participants attending two sessions, a morning sessien fefore 11:00) and an
afternoon session (i.e., after 17:00), which were held orcowmaterbalanced consecutive
days. This study found a significant main effect of tinfieday, whereby both mean
reaction times (RTs) and mean speed response (i.proea of reaction time) (1/RT)
significantly differed between the morning session andradtar session. Post-hoc tests
showed that participants mean RTs were significantly fasthe morning session when
compared to mean RTs in the afternoon session. Postdst€ also showed that
participants mean 1/RTs were significantly slower imtloening session when compared

to mean 1/RTs in the afternoon session. This study ailswifa significant main effect of
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time on task for both mean RTs and mean 1/RTs. Postdste also showed that
participants mean RTs were significantly slower afteirutes when compared to mean
RTs after 1-minute on the m-PVT temporal attentiok.tesaddition, post-hoc tests also
showed that participants mean 1/RTs were significantly rfadter 4 minutes when
compared to their mean 1/RTs after 1-minute on the onlif®/fh temporal attention
task. These findings do seem to indicate that an alteenatid shorter online mobile
YHUVLRQ RI WKH priifu@ GsyNemopEMiyilGeg Task (10-min PVT) i.e.,
online 10-minute mobile Psychomotor Vigilance Task (online 10-mPM) could be
used to provide an objective indicator of fatigue for fiinatsafety critical workers such
as train drivers, hospital staff, emergency servieag gnforcers, etd-urther research is
now needed to determine whether a shorter mobile versithe @nline 10-min m-PVT
l.e., online 5-min m-PVT could be used to provide an objedndicator of simulated

workload fatigue.
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Chapter 6: Investigating a shorter mobile version of the online 10-min
m-PVT i.e., online 5-min m-PVT as an objective indicator of simulate
workload fatigue

6.1: Overview of chapter

In the previous chapter it was identified that the alt@reainline mobile Psychomotor
Vigilance Task (online 10-min m-PVT) was sensitive enough toctiéeels of fatigue
between the morning and afternoon session i.e., tiikty effect as well as the online
10-min m-PVT being able to detect levels of fatigue after drmyinutes on the task i.e.,
time-ontask effect. Therefore, the aim of this studynow to investigate whethex
shorter mobile version of the online 10-min m-PVT i.eljree 5-min m-PVT could be

used to provide an objective indicator of simulated workloaguat

6.2: Introduction and rationale

In order to be able to meet task demands, there is usuedlyuired amount of operator
resources needed, referred to as human mental workload (Eiggewiilson, Kramer, &
Damos, 1991). According to Hart and Staveland (1988), human mentdbach can be
GHILQHG DV D pFRVW LQFXUUHG E\ D UKXHIX® DRJS HDUHDY"
performance and evolves from interactions between taskrmtisncircumstances, skills,
EHKDYLRXU DQG SHUFHSWLRQV 1 Dklditeiidretidd tokaX P D Q
cognitive load +can be intuitively defined as the amount of mental wexdessary for a
person to complete a task over a given period of time (LoRgd5; Longo, 2017)
However, nowadays human mental workload is more generallinedefas the
measurement of the amount of mental resources invalvedognitive task (Zammouri,
Moussa, & Mebrouk, 2018). Great al (2009) argue that the relationship between
workload and fatigue changes over consecutive days. In thdy they found that at the
beginning of a 14-day period, low workload was associated afitjue. In contrast, at

the end of the 14-day period, high workload was associatedatigione. Therefore, Gui
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et al (2015) outline that after prolonged mental workload, indiziglwill begin to show
reduced behavioural performance as well as increasedepelited levels of fatigue,

which are more commonly known as 'time-task’ effects.

Sustaining attention to a demanding cognitive task will often catrree cost, which is
known in the literature as the ‘'vigilance decrement,' oe‘antask effect' (Langner &
Eickhoff, 2013; Mackworth, 1948; Mackworth, 1968). Gunzelmann, MdBhack, van
Dongen and Dinges (2011) highlights that observed vigilance tasisrrpance
progressively degrades as the duration of those tasksases&atterfield, Wisor,
Schmidt and van Dongen (2017) state that the Psychomotor Vigileask (PVT) is a
vigilance task that has a well-documented tongask effect as well as the ability to
generate a steady increase in the standard deviatiospufn®e times (RTS) across the
standard 10-min PVT duration of the task (Doran, van Daongddinges, 2001). Wan

et al (2008) further argue that the tiroe-task effect arises due to the fact that workload
associated with tasks that require continuous vigilanceuomss significaly more
mental resources. Therefore, the use of vigilance tamksot immediately replenish

mental resources.

Fatigue due to mental workload can be measured using a vafipsychological and
physiological techniques, which include; subjective psychoddgilf-reported measures
e.g., the NASA Task Load Index (NASA-TLX) (Byrm al, 2010; Hart & Staveland,
1988; Orlandi & Brooks, 2018; Shakouri, Ikuma, Aghazadeh, & Nahr@@ds) and the
NASA-MATB (National Aeronautics and Space Administratigiulti-Attribute Task
Battery (Comstock & Arnegard, 1992) as well as objective phygicdl measures e.g.,
heart rate (HR) (e.g., Shakouri, Ikuma, Aghazadeh, & Nahn01s3), galvanic skin
response (GSR) (e.g., Widyanti, Hanna., Muslim, & Sutaleksa2017), body
temperature (e.g., Vergara, MoerLoccoz, & Maldonado, 2017), electrocardiogram

(ECG) (e.g., Heine, Lenis, Reichensperger, Beran, DoesselDeml, 2017),
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electroencephalogram (EEG) (e.g., Begkal, 2007; Hogervorst, Brouwer, & Van Erp,
2014; Hsu, Wang, Chen, & Chen, 2015; Jimekk®ina, Retamal, & Lira, 2018; Shaw
et al, 2018; So, Wong, Mak, & Chan, 2017), and eye tracking (Saito, X2OMin, &
Hu, 2018), and which have been extensively examined in variousy safécal
environments including; aviation (Blancet al, 2018; Borghini, Astolfi, Vecchiato,
Mattia, & Babiloni, 2014; Orlandi & Brooks, 2018), train driving (WBk et al, 1994),
vehicle driving (Brookhuis & De Waard, 2001; Foy & Chapman, 20a8id?, Galy, &

Berthelon, 2014), and imnoperating theatre (Byrret d., 2010) but to name a few.

Landriganet al (2004) identified using the PVT that intensive care unérits made
substantially more serious medical errors when they woreeghént shifts of 24 hours
when compared to working shorter shifts. In addition, Arn@diens, Crouch, Stahl and
Carskadon (2005) evaluated the association between subjewt&sures and objective
measures of simulated driving performance and identified signify impaired
performance and vigilance i.e., sustained attention. Mereo@Gui et al (2015)
investigated the timentask effect by administering a 20-min PVT and found that
participants exhibited slower reaction times (RTs) andentapses at the end of the PVT
than at the beginning. In addition, it was also found gaaticipants reported greater
mental fatigue ratings after completing the task (&uwl, 2015). However, Linet al
(2010) induced timen-task effect by asking subjects to perform a 20-min PVT aumadd
that participants' reaction times (RTs) were significasilyver as the task proceeded as
well as participants subjectively self-reported higheigfet ratings after the task.
Moreover, it was also found that there was substaniter-individual variation in
participant's RTs by the end of the task. As a resaltsignificant associations were
observed between self-reported mental fatigue changdsohjective performance
decline. This is further supported by Lehal (2010) and Parasuramanal (2009) who

have outlined that not all individuals show the same éxtevulnerability to fatigue, s

162



well as there being large inter-individual differencesesponses to sleep loss and mental
workload. As a result, in frontline safety critical s&gs, mental workload due to
prolonged sustained attention i.e., tioetask effect, are major contributing factors in
traffic and occupational accidents (Bergasa, Nuevo, Sotkdwea Lopez 2006)
Therefore, the timen-task effect is a critical determinant of productivity aafkty, most
notably utilised in the transportation industry (Caldwell, 2@4iterfield & van Dongen,
2013; Verster & Roth, 2013). Evirgen, Oniz and Ozgoren (2015) investigfagetime-
ontask effect by comparing two independent groups. Group onedstgrteompleting
the PVT followed by a computerised 60-minute battery of tesésl to assess various
cognitive functions and then retaking the PVT (i.e., mginkload condition). Group two
also started by completing the PVT but instead ofiiidp®llowed by a battery of various
cognitive functional tests, a 40-minute resting perioldyedd and then retaking the PVT
(i.e., low workload condition). In their study it was fouliét participants who were in
the high workload condition had significantly slower PVT Rafer completing 60-
minute of various cognitive functional tests when compared to filt PVT RTs. In
contrast, there were no significant difference found betwsrticipants first and second
PVT, post the 40-minute resting period for the low workloaat@en. In addition, Goel,
Abe, Braun and Dinges (2014) identified that high workload ineckasbjective self-
reported fatigue and sleepiness ratings, regardless oftilesjion. However, it was also
found that sleep restriction produced cumulative incregstse number of lapses, as
measured by the PVT. Therefore, the aim of this studyims/éstigate whether a shorter
mobile version of the online 10-minute mobile Psychomotor \figgaTask (online 10-
min m-PVT) i.e., online 5-min m-PVT could be used to providelgeative indicator of

simulated workload fatigue.
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6.3: Methodology

6.3.1: Ethical approval

7KH VWXG\ UHFHLYHG HWKLFV DSSURWBOFVURRP&D W
(EC.16.02.09.4464R4A4). The study conformed to the seventh arsenhdwh the
Declaration of Helsinki 1964 (World Medical Association, 20a8)l was in accordance

with the Data Protection Act 1998 and the General Data PiarteRegulation (GDPR).

All participants gave their Informed written consent (cotbatanced: high simulated
workload / low simulated workload condition, Appendix Q; or Emulated workload /

high simulated workload condition, Appendix CC) as well astebnic consent following

the explanation of the nature of the study.

6.3.2: Participants

39 (11 male and 28 female) mean age 1993 <X 2.15) participants were voluniar
recruited from Cardiff University via the Experimental hd@gement System (EMS) to
take part in the studyrarticipants were instructed not to consume caffeine @afiee,
energy drinks, tea, etc.) and alcohol during the 24 hourébéiie study. The study
involved participants attending a two-part study, that wasrast@red using a mobile
device. The two parts were completed on two different coomigEnced days, a HIGH
simulated workload day and a LOW simulated workload day. A o6tkO credits wes
awarded through EMS, or £20 upon successful completioh twf@lparts. Participation

of all two-parts combined took approximately 120 minutes to complete.

6.3.3: Statistical analyses

, %01V 6WDWLVWLFDO 3DFNDJHKE6IRYHW X HRERWaE IIR&d ®OFDLAH Q F
analyse the data. A combination of various statistiaatguiures were carried out on the

data; intraclass correlation coefficient (ICC) asay descriptive analyses, mixed-design

analysis of variance (ANOVA) and a two-way analysis afarece (ANOVA) to further
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explore interactions. The level ob< .05 was used for all statistical tests of this

experiment.

6.3.4: Materials and apparatus

The mobile Psychomotor Vigilance Task (m-PVT) was presetgarticipants on an

Apple iPhone 6s Plus running &S GeiSWwérsion 9.3.1 (Apple Inc.). The m-PVT ran in

the following hardware configurations; system chip (Apple AL RB22), processor
(Dual-core, 1840 MHz, Twister, 64-bit), graphics processor (PéResT7600), and

system memory (2048 MB RAM). The m-PVT was displayed orbareh (diagonal)

1920 x 1080-pixel native resolution at 401 ppi Retina high defmdisplay. The m-PVT

was programmed using the client code HTML (hypertext markup lgeguand CSS
(cascading style sheets) for the page visualisation godtlaJavaScript was also used to
initiate the m-PVT, which was run using the Dolphin Web BraovstoboTap Inc.) on

WKH $SSOHYV L3KRQH V 30XV 'ROSKURBGOGHE WK GREZXVHW \
The rational for selecting the Dolphin Web Browsertfos study was that it allowed the

full screen feature to be enabled, while other more natieenet browsers did not, such

as Safari, Chrome, and Firefox but to name a few. TheeoQualtrics Surveys (Qualtrics

Labs, Inc. version 13.28.06) was also used to collect demogrimidimation. In order

to increase validity and standardisation, all instructiwase provided to participants in

written form for both the counterbalanced conditions higgh simulated workload / low
simulated workload (se8SSHQGL[ 5 6 7 8 9 : ; < = DQG $%$
user guides), or low simulated workload / high simulated waxkl(see Appendix DD,

(( )) ** ++ ,, -- .. I/ DQG 00 MUY VIDW WHLIEGBD QVBD L
were also verbally debriefed at the end of the study ptagxthe nature of the study in
accordance with The British Psychological Societi $ code of human research ethics

(see BPS, 2014, for review) as well as provided with a dethidt to take home i.e.,
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high simulated workload / low simulated workload condition al{\ppendix BB) or

low simulated workload / high simulated workload condition glfAppendix NN).

6.3.5: Design

The experiment employed a 2 x 2 x 5 three-way repeategsanaf variance (ANOVA)

comparing 2 x simulated workload (high simulated workload i.empieting a 30-

minutes battery of cognitive performance tasks or low sitedlworkload i.e., watching
a television show) x 2 time of day (Time 1: pre-simulatedklwad m-PVT, or Time 2:

post-simulated workload m-PVT) x 5 time on task (1-minute; 2ubess; 3 minutes, 4

minutes; or 5 minutes).

6.3.6:Procedure

In order to ensure participants were fully aware of the gigiuand exclusion criteria, all
participants were contacted using Cardiff Unive \V rogStdl Management
System (EMS) emailing system 48 hours prior participatiach farther reminded 24
hours prior participation in addition to being provided whitef instructions through
EMS. The study involved participants attending two sesseath lasting approximately
60-minutes The 5-min m-PVT was carried out both before the simulatetload (i.e.,
Time 1) and after the simulated workload (i.e., Time 2 $tudy involved participants
attending two counterbalanced morning (i.e., 07:30am) sessiohgjhasimulated

workload session and a low simulated workload session.

7KH VWXG\ ZzDV DGPLQLVWHUHG XVLOY LSO HHVHBKR
identf LHG W KDW $#PBdd Y¥dchdn Simed (RTsY and mean speed responses (1/RT)
I[URP $ Si8dDile fi&vices were in line with those found in the lite@a(see Evanst

al., 2019, for review). In order to increase validity and déadisation, all instructions

were administered to participants in written form for bthth morning and afternoon

session. This study consisted of two parts. The first\wast the mobile Psychomotor
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Vigilance Task (m-PVT) reaction time test, which was alifired version of Dinges and
3RZHOOYV 3V\F KR PR WHe th-P\ TG iQdh theMoih Web
Browser mobile application. The second part was the demogmgystionnaire that was
distributed within Qualtrics Surveys mobile application.this modified version, the
mobile Psychomotor Vigilance Task (m-PVT) (see Figure 72), pzatks were
presented with on-screen instructions and a button atnth¢hat UHD G p6WDUWY
trial, participants were shown a black screen backgroumdatine centre of the screen
they would be presented with a large red fixation cifithe red fixation circle (i.e., inter-
stimulus interval) would remain on the screen for adoamsed duration that lasted
between 2+10 seconds, which was then followed by a yellow stimulusteouAs soon

as the inter-stimulus interval reached the randomisedidoya yellow stimulus counter
appeared counting up in milliseconds front® seconds where it would lapse (i.e., error
of omission for 0.5 seconds) and begin the next tiralintil the participant tapped on the
screen. Once the participant tapped on the screenidheiion time (i.e., stimulus) would
be displayed for 0.5 seconds. At the end of each #&iblack background would appear
on-screen for 0.5 seconds. There were 53 trials in tbotl tasted approximately
minutes. Kribbs and Dinges (1994) found that after a maximunned thals, the practice
effect for the PVT was removed. This study implementeg three practice trials to
ensure participants were fully aware of the task, which veameved from final analyses.

If participants responded prematurely during any trial @efore the timer commenced
counting up), the trial would reset. To also ensure partitspaere made aware of their
premature response, the following message in red was disptaty the centre of the
VFUHHQ pP<RX FOLFNHG \WRdetfD$J) © L VXIOIO/ LMD OXD/AV B DAV

Psychomotor Vigilance Task (m-PVT) is presented in Figure 73
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Figure 72: Mobile Psychomotor Vigilance Task (m-PVT)eiime

la. Participants were presented with a large red circle {ieer-stimulus interval), which appeared for a
randomised duration between#10 seconds.

1b. If participants responded prematurely, a false start ngmessage appeared informing them that they
clicked too early and that the trial would be reset

2a. As soon as the inter-stimulus interval reached thdamised duration, a yellow stimulus counter
appeared counting up in milliseconds fromb seconds where it would lapse (i.e., error of omission
for 0.5 seconds) and begin the next trial, or until gr¢igipant had tapped on the screen.

2h. Once the participants had tapped on the screenyéagiion time (i.e., stimulus) would be dispdy
for 0.5 seconds.

3. Atthe end of each trial, a black background would appe-screen for 0.5 seconds.
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Figure 73: Visual illustration of the Mobile Psychomotgilance Task (m-PVT)

6.3.6.1:Simulated workload: Cognitive performance tasks

A series of online cognitive performance tasks were implged in Qualtrics and
administered using the iPhone 6s Plus to simulate high eakl The four
counterbalanced cognitive performance tasks used in this sted; the Cambridge
Semantic Battery (see Adlam, Patterson, Bozeat & Hod2@¥), for review), the
Reasoning Test (see Baddeley, 1968, for review), the seasichmamory task (SAM)
(see Parkes, 1995, for review), and the Semantic ProcessatdsEe Baddeley, 1981,
for review). A summary of each of these four cognitivefiqgrenance tasks are presented

below.

6.3.6.1.1Cambridge Semantic Battery

This test was a modified online version of the Cambridgaa®éic Battery Camel and
Cactus test (CCT), to assess semantic memory, episteinory and other aspects of
cognitive processing (Adlaet al, 2010). Research carried out by Rossion and Pourtois
(2004) had previously identified that the addition of colournimguously improved
response time (RT) and naming accuracy. Thereforenthges thawere used in this

simulated workload study came from More@B UWLQH] DQG ORQWRUF
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depository, which was in itself an ecological high-qualitppaoalternative set of pictures
from Snodgrass and Vanderwfag1980) original set of pictures, whidieve been
extensively used in experimental and clinical studies dhatbased on semantic and
episodic memory. For this task, participants were predewith a matching task,
whereby there were five pictures, one at the top (i.eng)rand four at thbottom (i.e.,
one target and three distractors). Participants were itestiic select one of the four
bottom pictures that had the best semantic relationshiptine prime at the top (e.g.,
which goes with camel; sunflower, tree, rose or cact(s®® Figure 74, for study
presentation). Images from 20 categories (see Table 5) naedemly selected from
Moreno-ODUWLQH] DQG 0R Q Wjtalityrehur depositérdy dak this study. All
distractors used in this study were counterbalanced to etsréhey did not appear in
the same location. As a result, any given distractordconly appear up to a maximum
of three time. There were 43 randomised trials in totgré&tice trials, 40 testials).

Based on previous pilot studies, this task took on average 5 siloutemplete.

Figure 74: Modified online version of the Cambridge SensaBdittery Camel and Cactus test (CCT)
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Living Non-Living

Animals Buildings
Birds Clothing
Body parts Desk stationary
Flowers Furniture
Fruits Kitchen utensils
Insects Musical instruments
Marine creatures Sports games
Nuts Tools
Trees Vehicles
Vegetables Weapons

Table 5: MorenoODUWLQH] DQG ORQWRURTV ,PDJH &DWHJIRULHV

6.3.6.1.2Reasoning Test

This cognitive test was a modified online version of the asymeasoning test (see
Baddeley, 1968, for review), which is a psycholinguistics high tateprocessing
reasoning task that involves the understanding of sentdmtesere of various levels of
syntactic complexity. This task comprised of 32 questiontgerahan the original 64
battery of questions. For this task, participants werguced to select the correct
reasoning syntax by determining whether the statemeneitves true or false based on
the orderofWKH OHWWHUYV u$YT DQG u% &d % Kk leerzs ABbHBA LU HF!
JRU H[DPSOH p% LV (¢€0QRe FoGToE Studyf presentation). Unlike
Baddeley's (1968) experimental paradigm, there were nactmaraints (i.e., 3 minutes)
allocated in this version. Instead, this task ended wheticipants completed all 35
randomised questions (3 practice trials, 32 test trialggedan previous pilot studies,

this task took on average 7 minutes to complete.
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Figure 75: Syntax reasoning test

6.3.6.1.3Search and Memory task (SAM)

This task was a modified online version of the search amary tas SAM) (see Parkes,

1995, for review)In this task, participants were presented with a string ofd@fomised

letters which were randomly generated using Matl&t014b (The MathWorks Inc.,
Massachusetts, USAThe 100 letters were presented across five rows (i.e., reach
consisted of 20 letters). This additional modification wa®duced to ensure that all 100
letters were visible within the iPhone 6s Plus displarti€ipants were instructed that
above the sequence of random letters, they will be slaosingle letter. Thetask was

to determine whether the argeHWWHU ZDV HLWKHU p3UHVIEKGIW ¥ HR U
of random letters (see Figure 76). The SAM task ended waetitipants completed all

22 randomised questions (2 practice trials, 20 test triadsedBon previous pilot studies,

this task took on average 10 minutes to complete.
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Figure 76: Search and Memory (SAM) Task

6.3.6.1.4Semantic Processing Test

This test was a modified online version of the Semanticdasing Test (see Baddeley,
1981, for review), which was designed to measure the speedrieivaetof general
knowledge information. In this test, participants were pteskwitha sentence and were
asked to determine whether said sentence was either fajseof@ons move around
searching for food) or true (e.g., psychiatrists have a miof@s(see Figure 77, for study
presentation)The Semantic Processing Test ended when participants etech@ll 53
randomised questions (3 practice trials, 50 test trials3e®an previous pilot studies,

this task took on average 5 minutes to complete.
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Figure 77: Semantic processing test

6.4: Results

The aim of this study was to investigate whether a shortdyile version of the online
10-minute mobile Psychomotor Vigilance Task (online 10-min m-HMT,)online 5-min
m-PVT could be used to provide an objective indicator of sitedl workload fatigue.

, % 0 T Vtisitvéll[Package for the Social Sciences (SPSS)orel3 for Mac was used to
analyse the data. A total of 7,649 test trials (i.e., 5Qriaft per session) were submitted
for data analyses, with all 458 practice trials (Bepractice trials per session) excluded
from final analyses from all 8,107 recorded trials. It is intgat to note that all mobile
devices running the online 5-min m-PVT were administered throggBbadlphin internet
browser and were connected using Car@ifQ L Y HU V L W \ { M-i iFb@ing Rdbvie:
Therefore, in rare occasions when the Wi- FRQQHFWLYLW\ GURaBSHG
were lost and thus not recorded. As a result, a total ofge®bent (n = 161) trials of all
potential 8,268 trials (i.e., 468 practice and 7,800 test) wstealud not recorded. In
addition, as discussed in the previous study, due to the lariability in the reporting
of the PVT outcome metrics (Basner & Dinges, 2011), tiidysalso adopted the three

most frequently reported PVT outcome analyses; meanaedche (RT), mean speed
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response (1/RT) and mean number of lapses, respectivelgoMey, based on Basner

and Dinges (2011) recommendations, all 7,649 test trials withoaaime (RTs) < 100

ms (i.e., false start), which accounted for .04 per (enrt3 DQG 57V PV L
number of lapses), which accounted for 7.48 per cent (n 5 &g considered for
exclusion from the final mean reaction time (RT) andan speed response (1/RT)
analyses. All 7.48 per cent (n = 572) of R¥s PV L H QXPEHU RI OD

analysed separately.

6.4.1:Reliability and validity

The following subsections address the reliability and valifith® online 5-min m-PVT
by highlighting the importance of; reporting the effecediz provide a confidence level
in the reportegb-values, reporting the intraclass correlation cogfiit (ICC), which is a
widely used reliability analysis, as well as reporting Mauchlg'st Df Sphericity, which

tests the hypothesis that the variances of the diffags between conditions are equal.

6.4.1.1:Effect size

Chapter 5 outlines the rationale for reporting effect. Siberefore, the following partial
eta-squared %) threshold criteria were also used in this study; .01 Isn@@ medium,

and .14 large (Cohen, 1973; Cohen, 1988).

6.4.1.2:Reliability

Chapter 5 outlines the rationale for reporting the itdssccorrelation coefficient (ICC)
The ICC estimates and their 95% confiderintervals based on a mean-ratikg=(20),
absolute-agreement, 2-way mixed-effects model revealedthibed was an excellent
degree of reliability (see Ko & Li, 2016, for review) betwedir20 mean reaction times
(RTs) i.e., the low pre-simulated workload online 5-min m-R¥dminute, 2 minutes, 3
minutes, 4 minutes, and 5 minutes), the low post-simulated warklobne 5-min m-

PVT (1-minute,2 minutes, 3 minutes, 4 minutes, and 5 minutes), the high praatied
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workload online 5-min m-PVT (1-minute, 2 minutes, 3 minutes, 4 minwed 5
minutes), and the high post-simulated workload online 5-min m-PMminute, 2
minutes, 3 minutes, 4 minutes, and 5 minutébg average measure ICC was .970 with

a 95% confidence interval from .955 to .98238, 722) = 35.56p < .001.

6.4.2:Mauchly's Test of Sphericity for mean reaction time (RT)

The assumption of sphericity was examined using the Maudidgisof Sphericity. For
the mean reaction time (RT) analyses, all Mauchly's d&Sphericity indicated that the
assumption of sphericity had not been violated: timaask $(9) = 10.16 p = .338
simulated workload x time on tasi(9) = 10.31 p = .326; time of day x time on task
$(9) = 4.80 p = .852; and simulated workload x time of day x time ok, t§¢9) = 7.26

p = .611. In addition, the Greenhou&®isser test was reported for simulated workload,

time of dayand simulated workload x time of day, as nothing was known apbaticity.

6.4.3:Mean reaction time (RT)

Figure 78 and Figure 79 presents the illustrated mean reduties (RTs) across the
different conditions split into high simulated workloaddadow simulated workload.
Mean RTs were submitted to a 2 x 2 x 5 three-way repeat@gisenof variance

(ANOVA) comparing 2 x simulated workload (high simulated wor#tloa., completing

a 30-minutes battery of cognitive performance tasks or lowlated workload i.e.,

watching a television show) x 2 time of day (Time 1: pre-sitedlavorkload online 5-

min m-PVT, or Time 2: post-simulated workload online 5-min m-P¥B)time on task

(1-minute; 2 minutes; 3 minutes, 4 minutes; or 5 minutes).
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Figure 78: Mean reaction times (RTs) for high simulated waikland time on task

Figure 79 Mean reaction times (RTs) for low simulated workload &me on task

There was a significant main effect of time of day, Ghesisetseisser=1.00 F(1, 38),
7.11,p o> = .16, indicating a large effect size (Cohen, 1973; Coh@$8; Levine

& Hullett, 2002), which provides a high level of confidence in téportedp-value
Furthermore, there was also a significant main effetitne@ on task, Sphericity Assumed
F(4, 152), 730, p < .001 ,? = .16, indicating a large effect size (Cohen, 1973; Cohen,

1988; Levine & Hullett, 2002), which also provides a high levetaifidence in the
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reportedp-value All other main effect interactions were not significanhefe was no
significant: main effect of simulated workload, Greenhatsmsser= 1.00 F(1,
38), .496,p o> = .01; two-way interaction, simulated workload x timedaf,
Greenhouseseisser= 1.00 F(1, 38), .649p = .426 ,° = .02; two-way interaction,
simulated workload x time on task, Sphericity Assuntgd, 152), 2.29p 0
= .06; two-way interaction, time of day x time on taSphericity Assumed~(4, 152),

1.81, p=.128 2 =.05; and three-way interaction, simulated workload x tifrday x

time on task, Sphericity Assumgé(4, 152), .904p = .463 ,2=.02

6.4.3.1:Mean reaction time (RT) Post-Hoc tests

The main effect of time of day for mean reaction 8nRTS) is illustrated in Figure 80
and was followed by post-hoc tests with Bonferroni caiwedor multiple comparisons.
Post-hoc tests also showed that participants mean RTsalgersignificantly faster in
the before simulated workload sessitvh£ 335.04 msSE= 4.79 ms) when compared to

mean RTs in the after simulated workload sessibr 841.81 msSE=5.54 msp =.011.

Figure 80: Mean reaction times (RTs) for time of day (ee&mulated workload or after simulated
workload)

178



The main effect of time on task for the mean readiimes (RTs) is illustrated in Figure
81 and was followed by post-hoc tests with Bonferroni cornectmr multiple
comparisons. Post-hdetests showed that participants mean RTs were signifjcant
slower after 4 minutedM = 341.75 msSE= 5.91 ms) when compared to mean RTs after
1-minute M = 332.47 msSE= 4.98 msp = .019, on the online 5-min m-PVT temporal
attention task. As expected, participants mean RTs waoesgnificantly slower after 5
minutes M = 344.52 msSE= 5.31 ms) when compared to mean RTs after 1-miiite (
= 332.47 msSE=4.98 msp = .001. There was no significant difference when comparing
mean RTs after 1-minut®/(= 332.47 msSE= 4.98 ms) and 2-minuteb(= 337.35 ms,
SE=5.44 msp =.212, as well as when comparing mean RTs after 1-m{Nute332.47

ms,SE=4.98 ms) and 3-minuteb(= 336.03 msSE= 4.57 msp = 1.00.

Figure 81: Mean reaction times (RTs) for time on task ifiute intervals)

6.4.4:Mauchly's Test of Sphericity for mean speed response (1/RT)
The assumption of sphericity was examined using the Maudrdgtsof Sphericity. For

the mean speed response (1/RT) analyses, all Mauchly'sfT&shericity indicated that
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the assumption of sphericity had not been violatiete on task,$(9) = 8.92,p = .445;
simulated workload x time on tasi(9) = 11.53p = .242; time of day x time on task,
$(9) = 3.95p =.915; and simulated workload x time of day x time on t&§8) = 10.49,

p =.313. In addition, Greenhou#£geisser test was reported for; simulated workload, time

of day, and simulated workload x time of day, as nothing waakr@dbout sphericity.

6.4.5:Mean speed response (1/RT)

Figure 82 and Figure 83 present the illustrated mean speeahsesdd/RTs) across the
different conditions split into high simulated workloaddalow simulated workload.
1/RTs were submitted to a 2 x 2 x 5 three-way repeated anafyssiance (ANOVA)
comparing 2 x simulated workload (high simulated workload cempleting a 30-
minutes battery of cognitive performance tasks or low sitedlworkload i.e., watching
a television show) x 2 time of day (Time 1: pre-simulated waklonline 5-min m-PVT,
or Time 2: post-simulated workload online 5-min m-PVT) xnetion task (1-minute; 2

minutes; 3 minutes, 4 minutes; or 5 minutes).

Figure 82: Mean speed responses (1/RTs) for high simulated wdratal time on task
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Figure 83: Mean speed responses (1/RTs) for low simulatedaagorind time on task

There was no significant main effect of the simulatedkiead, Greenhous&eisser=
1.00Q F(1, 38), .371p o> = .01. There was a significant main effect of time of
day, Greenhous&eisser= 1.0Q F(1, 38), 5.48p o2 = .13, indicating a medium
effect size (Cohen, 1973; Cohen, 1988; Levine & Hullett, 2002), wpiovides a
moderate level of confidence in the reporfedalue Furthermore, there was also a
significant main effect of time on task, Sphericity ésed F(4, 152), 7.43p < .001,

»> = .16, indicating a large effect size (Cohen, 1973; Coh288; Levine & Hullett,
2002), which provides a high level of confidence in the redartealue All other main
effect and interactions were not significant. There m@significant: main effect of the
simulated workload, Sphericity Assumde(1, 38), .371p o> = .01; two-way
interaction, simulated workload x time of day, GreenhaBsésser 1.00 F(1, 38), .552,
p o> = .01; two-way interaction between simulated workload >eton task,
Sphericity Assumed; (4, 152), 2.17p = .075 2 = .05 two-way interaction, time of
day x time on task, Sphericity Assumé&g4, 152), 2.15p=.077 , =.05; and three-
way interaction, simulated workload x time of day x tiametask, Sphericity Assumgd

F(4, 152), .942p=.441 2=.02
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6.4.5.1:Mean speed response (1/RT) Post-Hoc tests

The main effect of time of day for mean speed respdiigBg’s) is illustrated in Figure
84 and was followed by post-hoc tests with Bonferroni cornecfmr multiple

comparisons. Post-hoc tests showed that participante h&al's were significantly
better in the before simulated workload sessin=(3.02,SE = .04) when compared to

mean 1/RTs in the after simulated workload sessibr £.97,SE= .05)p = .025.

Figure 84: Mean speed responses (1/RTs) and for time obdfyré simulated workload or after
simulated workload)

The main effect of time on task for the mean speegoreses (1/RTs) is illustrated in
Figure 85 and was followed by post-hisiests with Bonferroni correction for multiple
comparisons. Post-hoc tests showed that participants hi&alr's were significantly
slower in their 1/RTs after 4 minutdd € 2.97,SE= .05) when compared to mean 1/RTs
after 1-minute M = 3.05,SE= .04)p = .034, on the m-PVT temporal attention task. As
expected, participants were also significantly slowehar mean 1/RTs after 5 minutes
(M = 2.94,SE= .04) when compared to mean 1/RTs after 1-minute 8.05,SE=.04)

p <.001, onthe m-PVT temporal attention task. There wasgmificant difference when
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comparing mean 1/RTs from the first minuk& £ 3.05,SE=.04) and second minut#(

3.01,SE=.05)p = .362, as well as when comparing the first minile< 3.05,SE

.04) and third minuteM = 3.01,SE=.04)p = .585.

Figure 85: Mean speed responses (1/RTs) for time on task (keniirtervals)

6.4.6: Mauchly's Test of Sphericity for mean number of lapses

The assumption of sphericity was examined using the Maudhdgtsof Sphericity. For
the mean number of lapses analyses, Mauchly's Test of &phéndicated that the
assumption of sphericity had been violated for theetlway interaction simulated
workload x time of day x time on tasi§(9) = 21.39,p = .011. Therefore, the Huynh-
Feldt test were reported instead of Sphericity Assumed sineenGouseeisser

Epsilon was greater than .75 for the time on task, areldinday x time on task. All other
Mauchly's Test of Sphericity indicated that the assumptiogphericity had not been
violated: time on task$(9) = 6.23,p = .717; simulated workload x time on task(9) =

4.70,p = .867; and time of day x time on tas§(9) = 13.58,p = .139. In addition,
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Greenhouseseisser test was reported for; simulated workload, timedayf, and

simulated workload x time of day, as nothing was known alphgrgity.

6.4.7:Mean number of lapses

From all test trials, a total of 7.48 per cer® RI 57V - PV L H
lapses) were submitted for data analyses. Figure 86 and Bigymesent the illustrated
mean number of lapses across the different condisiplitsnto high simulated workload

and low simulated workload. The mean number of lapses sudmaittedto a2 x 2 x 5

three-way repeated analysis of variance (ANOVA) compéatirgsimulated workload x

2 time of day x 5 time on task (1-minute; 2 minutes; 3 mindtesinutes; or 5 minutes).

Figure 86: Mean number of lapses for time on taskifgit eimulated workload
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Figure 87: Mean number of lapses for time on taskdiardimulated workload

There was a significant main effect of time of day, Gheeisetseisser= 1.00 F(1, 38),
6.69,p > = .15, indicating a large effect size (Cohen, 1973; Coh@88; Levine
& Hullett, 2002) as well as a significant interaction betwsienulated workload x time
of day, Greenhous&eisser= 1.0Q F(1, 38), 10.28p o> = .21, indicating a large
effect size (Cohen, 1973; Cohen, 1988; Levine & Hullett, 2002), wbath provide a
high level of confidence in the reportpeialue. All other main effects and interactions
were not significant. The main effect of simulated workldakenhouséseisser= 1.00,
F(1, 38), .649p o> = .02; the main effect of time on task, Sphericity Ased
F(4, 152), .265p = .900 2 = .01; two-way interaction, simulated workload x time on
task, Sphericity Assumeé(4, 152), 1.29p=.278 ,?=.03; two-way interaction, time
of day x time on task, Sphericity Assumed.0Q F(4, 152), .568p = .686 = .02
and three-way interaction, simulated workload x timdayf x time on task, Huynh-Feldt

= .845 F(3.38 128.37), .953p = .425 *=.02.
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6.4.7.1:Mean number of lapses Posioc tests

The interaction between simulated workload x time of ddljus&rated in Figure 88 and
was followed by post-hottests with Bonferroni correction for multiple companso
There was also no significant difference in the meamber of lapses before the
simulated workload condition for both the high simulatedidead (M = .40,SE= .08)
and the low simulated workloadl(= .58,SE = .15),p = .078, which seems to indicate
that the mean number of lapses between both high arglrfavlated workload conditions
did not differ significantly. However, there was a significalifference in the mean
number of lapses after the simulated workload condittwnbbth the high simulated
workload M = .82,SE = .15) and the low simulated workloalll & .53,SE= .11),p
=.006. These findings seem to indicate that participg@iherated a greater mean number
of lapses after completing 30-minutes of cognitive perfoiadasks (i.e., high simulated
workload condition) when compared to after watching The BiggBHmeory (i.e., low
simulated workload condition). Moreover, it was also fibtimat on the high simulated
workload conditionparticipants had a significantly higher mean number oempadter
completing the 30-minuseof cognitive performance taskd(= .82, SE = .15) when
compared to before starting the 30-minutes of cognitive paaioce tasksM = .40,SE

= .08),p = .001. In contrast, there was no significant differencdaénmean number of
lapses for the low simulated workload condition befdiie<(.58,SE= .15) watching a
television show (i.e., The Big Bang Theory) and afteccihvag The Big Bang Theory

= .53, SE = .11),p = .604. These findings seem to indicate that perhaps sedulat

workload may elicit sensitivity levels of fatigue.
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Figure 88: Interaction: Simulated workload x time of day

6.5: Discussion

The aim of this study was to investigate whether a shortdyile version of the online
10-minute mobile Psychomotor Vigilance Task (online 10-min m-AMT,)online 5-min
m-PVT could be used to provide an objective indicator of sitedl workload fatigue.
Firstly, intraclass correlation coefficient (ICQ)aysis revealed an excellent degree of
reliability in this study (see Ko & Li, 2016, for reviewjross all 20 mean reaction Times
(RTs) which indicates that the online 5-min m-PVT was #blgenerate highly reliable
RTs across all participants. Secondly, these findings &lave a higher level of
confidence as all significaqvalues comprised of either a medium or high partial eta-

squared (,?) effect size.

According to Basner and Dinges (2011) the most commonly repBl& outcome was
number of lapseA\n examination of the number of lapses H UHDFWLRQ WLPH

revealed that for the high simulated workload conditiontippantsfgenerated a

187



significanty greater number of lapses after completing a series wieotgnitive tasks
l.e., Cambridge semantic battery (Adlabal, 2010), the reasoning test (Baddeley, 1968),
the search and memory task (SAM) (Parkes, 1995), and thante processing test
(Baddeley, 1981) designed to elicit mental workload when compartie low simulated
workload condition i.e., after watching one episode of Bige Bang Theory. These
findings support Evirgert al. TV VWXG\ ZKR IRXQG WKDW SDL
assigned to a high workload condition had significantly StdéT reaction times after
completing 60-minutes of continuous cognitive tasks when cadpar PVT reaction
times before the cognitive tasks. In contrast, no significéferences were found in
participants PVT reaction times before and after conmgjea 40-minute resting period
l.e., low workload condition. However, the present studg &d&ind that participants
generated a greater mean number of lapses after camgpdesieries of online cognitive
tasks when compared to after watching one episode of Th&aig Theory. These
findings seem to further support the idea that perhaps imghesed workload may elicit
sensitivity levels of fatigue. These findings are cstesit with Guet al (2015) who have
identified that after continuous and prolonged mental wodkloaividuals will begin to
show reduced behavioural performance. This is further regddog Warmnet al. (2008)
who have poirgdout that the PVT consumes significant mental resourmasa result,

vigilance tasks cannot immediately replenish consumed mestalirces.

In this study it was found that participants had signifigasibwer reaction times (RTs)
and greater speed responses (1/RTs), as well as generatedumiber of lapses after
the simulated workload condition (i.e., either aftempteting a series of online cognitive
tasks, or watching one episode of The Big Bang Theory) woempared to before
completing the simulated workload. These results supportmdam et al (2018)

findings who have identified that after continuous andigged mental workload,

individuals will begin to show reduced behavioural performaAsea result, tasks that
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require continuous vigilance e.g., completing a serieslifie cognitive tasks consumes
significanly more mental resources (Wamh al, 2008) This is further supported by
Eggemeieet al. (1991) who outlined that in order to be able to meet task désndrere

is usually a required amount of operator resources neaaled pierson to complete the

task over a given period of time (Longo, 2015; Longo, 2017).

Findings from this study also support previous research #vat identified an increase
in fatigue results in impaired alertness (Dorriginal, 2000; Gillberget al, 1994),
whereby time on task (i.e., sustained attention), asuned in mean RTs and mean 1/RTs
significantly differed after 4 minutes of continuous perfance using the online 5-min
m-PVT. Therefore, these findings were consistent toetlmbshe previous study, which
also found that RTs and 1/RTs significantly differed rateminutes of continuous
performance (Evaret al., 2019). As a resulthese findings further support previous work,
which suggested that sustained attention drops with prolongedoduodtiask (Dinges

& Powell, 1988; Dinges & Powell, 1989; Dora al, 2001). These findings seem to
further validate that the online 5-min m-PVT is sensitereugh to detect levels of
fatigue, even after only 4 minutes on the task. Thesenfysdsupport the timer-task
effect (Langner & Eickhoff, 2013; Mackworth, 1948; Mackwort868). However, the
interaction between simulated workload and time on taskatett that both the RT and
1/RT outcome metrics were only significant for the low dated workload condition
after 5 minutes, with no significant differences foundath the RT and 1/RT outcome
metrics for the high simulated workload conditidtfowever, inter-individual variation
could explain these inconsistencies. latmal (2010) found substantial inter-individual
variation in participant's RTs using the PVT by the entheftask. Therefore, the time
on task effect findings in this study seem to indichte taution needs to be taken going
forward as the shorter versioR1 W KH pJR O GnvhWPDIQ.& ,DobliGef5-min m-

PVT may not be long enough to detect levels of fatigue. Thiedimgs do not support
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previous studies which have been able to demonstratehihiaeisversions of thetJR O G
VW D Q GiBAT can exhibit the timen-task effect after 5-min PVT (Roaeh al,
2006), and even after only 3-min PVT (PVT-B) (Basetsal, 2011). Therefore, even
though in a controlled laboratory environment a shortener-min m-PVT may be
sensitive enough to detect levels of fatigue based on sedulorkload, this may not be
guaranteed in applied frontline safety critical settifgsrthermore, it is important to
acknowledge that this study recruited undergraduate studentsrstlyodo not have the
type of work pressures that may be expected from frondlafety critical workers.
According to Zoeret al. (2011), work pressure was the most significant risk faator
railwvay employees for expressing mental health comglain addition, in this study
participants were instructed not to consume caffeine (@ffeec energy drinks, tea, etc.)
and alcohol during the 24 hours before the study. Suchatésts would not be possible
or realistic in frontline safety critical settingshd@re were additional limitations with the

present study which suffered from the same issue asediin the previous chapter.

Firstly, the series of online cognitive performance tasksch were implemented and
administered through the online Qualtrics Surveys were so$yg for the purposef
eliciting the timeen-task effect (Guet al, 2015; Gunzelmanret al, 2011; Langner &
Eickhoff, 2013; Mackworth, 1948; Mackworth, 1968; Satterfielchl, 2017; Warmet

al., 2008) as well as simulating high workload (see Evirgeal, 2015, for review)
Therefore, no further analyses were carried out on foeseognitive performance tasks,
as previous pilot studies had identified that generatedioaaiies (RTs) from these
tasks were erratic. As a result, by enabling and integrtiimgnore advanced functions
ZLWKLQ 4XDOWULFVY -DYD6FULSW SURJHDYPPQQJDQO
computational time were introduced (Barnhoetral, 2015), which may have resulted
in erratic RTs ranged betweenf£20 seconds. Secondly, despite studies outlining the

availability to run online experiments as previously pointed iouthe earlier study
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(Barnhoorret al, 2015; Crumget al, 2013; Reimers & Stewart, 2016) and other studies
demonstrating comparability between lab based and online bapedments (e.g., de
Leeuw & Motz, 2016; Reimers & Stewart, 2007; Schuléml, 2013; Simcox & Fiez,
2014), in rare occasions when the Wi-Fi cofn® LY LW\ GUR S S Higs we® UW L F L
lost and thus not recorded. As a result, a total of 1.9%cqet (n = 161) were never
recorded, which despite representiaglarge reduction of 83.49 per ceWi-Fi
connectivity drop when compared to the previous study (n = a@}till relatively high
and could potentially impact the validity of the m-PVTherefore, once again as
highlighted in the previous chapiénereis a clear need for the development of an offline
IOS mobile app version of the 10-min m-PVT. Further reteacnow needed to
investigate whetherreoffline iOS mobile app version of the online 10-min m-PVT i.e.,
offline 10-min m-PVT could also be used to detect sensitivitgl¢eof fatigue in frontline

safety critical workers.

6.6: Chapter summary

The aim of this study was to investigate whether a shortdyile version of the online
10-minute mobile Psychomotor Vigilance Task (online 10-min m-AMT,)online 5-min
m-PVT could be used to provide an objective indicator of sitedlworkload fatigue. 39
(28 femaleM = 19.95,SD = 2.15) participants were voluntarily recruited from Cardiff
University via the Experimental Management System (EMSake part in this study.
The study involved participants attending two counterbalanwathing (i.e., 07:30am)
sessions; a high workload session (i.e., participantsplented a 30-min battery of
cognitive performance tasks implemented on a mobile ptaomex low workload session
(i.e., participants watched one episode of the televisimw - The Big Bang Theory).
The online 5-min m-PVT was carried out both before (iime 1) and after (i.e., time 2)
the simulated workload condition. In this study it was fothat for the high simulated

workload condW LRQ SDUWLFLSDQWVY PHDQ @N\WPEWHKLRK HWD B
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completing a series of online cognitive tasks designed to mlental workload (i.e., high
simulated workload) when compared to before completingiassef online cognitive

tasks. In contrast, thereaw QR VLJQLILFDQW GLIIHUHQFH LQ SDUV
lapses before and after watching one episode of The Big Baeory (i.e., low simulated
workload) However, the interaction between simulated workload ameé ton task
revealed that both the RT and 1/RT outcome metrics wayesggnificant for the low
simulated workload condition after 5 minutes, with no sigant differences found in

both the RT and 1/RT outcome metrics for the high sitadlavorkload condition.
Therefore, the time on task effect in this study se@imdicate that caution needs to be

taken when administering ashortéeHUVLR Q RI WKH pidiRRYGi.¥.WMIM@GDUG
5-min m-PVT as it may not be sensitive or reliable enawogtietect levels of fatigue.
However, despite studies outlining the availability to run ordixgeriments (Barnhoorn

et al, 2015; Crumpet al, 2013; Reimers & Stewart, 2016) and other studies
demonstrating comparability between lab based and online bapedments (e.g., de

Leeuw & Motz, 2016; Reimers & Stewart, 2007; Schubkerl, 2013; Simcox & Fiez,

2014), in rare occasions whenthe Wic FRQQHFWLYLW\ GURBS S&t& SDU
lost and thus not recorded. As a result, a total of 1.9%emar (n = 161) were never
recorded, which despite representing a large reduction of 83e49cent Wi-Fi
connectivity drop when compared to the previous study (n = 9&b3till relatively high

and could potentially impact the validity of the m-PVT. Tdfere, once again as
highlighted in the previous chapter, there is a clear fozdtie development of an offline

IOS mobile app version of the 10-min m-PVT. Further re$edascnow needed to
investigate whether an offline iOS mobile app version obtilsme 10min m-PVT i.e.,

offline 10-min m-PVT could also be used to detect sensitigitgls of fatigue in frontline

safety critical workers

192



Chapter 7: Developing and validating an offline iOS mobile app version
of the online 10-min m-PVT i.e., offline 10-min m-PVT for fontline
safety critical workers

7.1: Overview of chapter

The previous chapter identified that in the high simulateafkivad condition,
SDUWLFLSDQWYV Y apsdDn@reEigmficanily fyheOafter completing aeseri

of online cognitive tasks designed to elicit mental worklip.ad, high simulated workload)

when compared to before completing a series of online cogn#sks. In contrast, there

was no significDQW GLIIHUHQFH LQ SDUWLFLSH@RNWH] PHD @ I§
watching one episode of The Big Bang Theory (i.e., lowked workload). Therefore,

these findings seem to indicate that the online 5-minvfi-€ould be used to provide an
objective indicator of simulated workload fatigue. Howeuesegré¢ was also an interaction
between simulated workload and time on task, which reveélad¢doth the RT and 1/RT
outcome metrics were only significant for the low sinedbaworkload condition after 5
minutes, with no significant differences found in both theaRd 1/RT outcome metrics

for the high simulated workload condition. Thereforesthfindings seem to indicate that
caution needs to be takewhen administering a shorter offline versidghl WKH pJRO
VW D Q G-bid BT as it may not be sensitive or reliable enough tectidevels of

fatigue in frontline safety critical workers such as tidiivers, hospital staff, emergency
services, law enforcers, etc. The aim of the presaiitehis to develop and validate an
alternative offline iOS mobile app version of the online 18-miPVT i.e., offline 10-

min m-PVT to detect levels of fatigue for frontline safetijical workers.

7.2: Introduction and rationale

Previous chapters have outlined, described, and demodstrate the Psychomotor
Vigilance Task (PVT) is highly reliable for assessing cognitiveurobehavioral

performancensustained attention (e.g., Belerdgtyal,, 2003; Dingegt al, 1997; Jewett
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et al, 1999; Lamonekt al, 2003) As a result, the PVT has been widely administered in
numerous studies to be an effective objective cognitive ipeafioce measuyecross
multiple paradigmsthe timeon-task effect (e.g., Basnet al, 2011; Evanst al, 2019;
Gui et al, 2015; Langner & Eickhoff, 2013; Linet al, 2010; Lohet al, 2004;
Mackworth, 1948; Mackworth, 1968; Roaehal., 2006 Schmidt & van Dongen, 2017;
Warm et al, 2008), the timesf-day effect (e.g., Carrier & Monk, 200Qafrance &
Dumont, 2000; Lennet al, 1997; Patkai, 1971; Smith, 1992nd high/low workload
conditions (e.g., Arneddt al, 2005; Evirgeret al, 2015; Goeet al, 2014; Landrigaet
al., 2004) In addition, the PVT has also been substantially utilisethvestigate; sleep
quality (de Godowt al.,2016; Kubcet al.,2016; van Ryswylkt al.,2017), fatigue (Baulk,
Biggs, Reid, van den Heuvel, & Dawson, 2008; Gaetlat.,2013; Gandeet al.,20144a;
Ganderet al.,2014b; Gandeet al.,2015; Kuboet al, 2016; Liuet al.,2016; Roactet
al., 2012; Volker, Kirchner, & Bock, 2016), computational modelling diftse (Walsh,
Gunzelmann, & van Dongen, 2017), performance @ual., 2015; van Ryswylet al.,
2017), well-being (van Ryswyt al., 2017), fatigue in road drivers (Baudk al., 2008;
Kosmadopoulo®t al.,2017; Sparrovet al., 2016), fatigue in aviation pilots (Gandetr
al., 2013; Gandeet al., 2014b; Gandeet al., 2015; Gandeet al., 2016; Honret al.,
2016; Roach, Petrilli, Dawson, & Lamond, 2012; Siggtadl., 2014), fatigue in aviation
cabin crew (van den Berg et al., 2015), fatigue in train dgiirethe simulator (Dorrian,
Roach, Fletcher, & Dawson, 2007), fatigue in fire-figh{@mith, Browne, Armstrong,
& Ferguson, 2016), alternative technologies for cognitivéopeance (Brunet, Dagenais,
Therrien, Gartenberg, & Forest, 2017; Dorréral, 2008), and even transcranial direct
current stimulation as an alternative fatigue counterumeag.g., caffeine) (Mclntire,

McKinley, Nelson, & Goodyear, 2017).

Honn, Satterfield, McCauley, Caldwell and van Dongen (2016nh&ed the efforts of

workload by comparing a 9-hour duty day with multiple take-affid landings versus a
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duty day of equal duration with a single take-off and landingheir study it was found
that objective measures of fatigue using the 10-min PVT abgdive measures of
fatigue and sleepiness using the self-reported Samn-PeaéiiuE Scale (SPS) (see
Samn & Perelli, 1982, for review) and Karolinska SleepineateSKSS) (seeckerstedt
& Gillberg, 1990, for review), respectivelgignificanty increased fatigue level$his is
further reinforced by both Dorrian, Baulk and Dawson (2011) attinér, Wriessnegger,
Muller-Putz, Kubler and Halder (2014) who state that high worklezels increase
fatigue levels Conversely, Goeekt al. (2014) identified that high workload increased
subjective self-reported fatigue and sleepiness ratings, tegardf sleep duration.
However, it was also found that sleep restriction producesutative increases in the
number of lapses, as measured by the PVT. However, V#lkehner and Bock (2016)
investigated the relationship between subjective and objesteasures of fatigue to
better understand the complex nature of workplace fatigue feund that fatigue
comprises of three independent components; objectiveigalhyatigue, introspective,
and extrospective fatigue. The aim of this study was to dewsld validate an alternative
offline iOS mobile app version of the online 10-min m-PVT i.&line 10-min m-PVT

to detect levels of fatigue in frontline safety criticalrkers

7.3: Methodology

7.3.1: Ethical approval

7KH VWXG\ UHFHLYHG HWKLFV DSSURWBKQOFVYURR P&D WH
(EC.16.02.09.4464RA3). The study conformed to the seventh areahdofi the
Declaration of Helsinki 1964 (World Medical Association, 2048y was in accordance

with the Data Protection Act 1998 and the General Data PiarteRegulation (GDPR).

All train drivers gave their informed written (Appendix OQ)waell as electronic consent

following the explanation of the nature of the study.
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7.3.2: Participants

A total of 40 train drivers (35 male and 5 female) mean ageed (SD = 7.4), which

represented 6.4 per cent of all drivers across the fregglere voluntary recruited to take

part in this study (see Table 6r demographic characteristic®rivers were recruited

from the two largest depots; Cardiff Valleys (n =) 3dd Cardiff Mainline (n = 10),

representing 26.5 per cent and 3.4 per cent respectoetireir corresponding depot

establishment

Depot: Cardiff Valleys

Depot: Cardiff Mainline

Total Across Depots

(n =30) (n =10) (n =40)
n % n % n %
Mean SD Mean SD Mean SD
Age 41.1 6.5 49.3 6.8 43.2 7.4
Gender
Male 27 90.0% 8 80.0% 35 87.5%
Female 3 10.0% 2 20.0% 5 12.5%
Marital Status
Single, neve married 4 13.3% 1 10.0% 5 12.5%
Married or donesticpatnership 24 80.0% 8 80.0% 32 80.0%
Seaated 1 3.3% 0 0.0% 1 2.5%
Divorced 1 3.3% 1 10.0% 2 5.0%
Widowed 0 0.0% 0 0.0%
Children
Yes 27 90.0% 8 80.0% 31 77.5%
No 3 10.0% 2 20.0% 9 22.5%
Mean Numbe of Chidren 18 1.6 1.6 11 18 14
Mean Age of Chidren 11.5 7.9 23.8 7.3 14.2 9.3
Education
Seonday Eduation 5 16.7% 4 40.0% 9 22.5%
Post-Seonday Eduation 9 30.0% 2 20.0% 11 27.5%
V ocationd Quidification 10 33.3% 4 40.0% 14 35.0%
Undegraduae Degree 5 16.7% 0 0.0% 5 12.5%
Pog-graduae Degree 1 3.3% 0 0.0% 1 2.5%
Job Description
Train Driver 30 100.0% 10 100.0% 40 100.0%
Driving Ingtructor 3 10.0% 1 10.0% 4 10.0%
Ethnicity
White 30 100.0% 10 100.0% 40 100.0%
Years certified as a tain driver as of 2018 8.4 4.9 15.2 8.7 10.1 6.6
Commutin g time to work (minutes) 35 15.1 32 11.3 34 14.2

Table 6: Demographic characteristics

At Arriva Trains Wales (ATW), each depot has a requimechber of train drivers to be

able to operate all operational services at full capaaihjch is referred to as the depot

establishment (see Table 7). These figures also factbeiadditional 27 per cent train

drivers required to be able to cover drivers that maynbarmnual leave, team brief, sick,
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no-show, late, incident investigations (i.e., driver beingolved in a safety critical
incident) as well as training and development. Latest estalent figures as of January
2018, indicate that there was a total of 626 train drivers s@bdepot establishments.
Below are the full number of train drivers at each depiatbishment split into both the

North and South regions.

Depot Establishment

n %
South Wales
Cardiff Mainline 145 23.2%
Cardiff Valleys 132 21.1%
Carmarthen 59 9.4%
Treherbert 22 3.5%
Rhymney 22 3.5%
North Wales
Chester 81 12.9%
Crewe 47 7.5%
Machynlleth 34 5.4%
Shrewsbury 30 4.8%
Holyhead 27 4.3%
Llandudno Junctior 18 2.9%
Pwllheli 9 1.4%
Total 626 100.0%

Table 7: Depot establishment

It is also important to also point out that there ar@ntifferences between train drivers
and the undergraduate student population. Firstly, and mostalolyc there were clear
age differences between the previous two studies BD4-(1.6) and 20.0§D = 2.2),
respectively, and train drivers who were on average &2=(7.4) years of age, which
represented an age difference of ~23 years. However tel@spearch identifying that
reaction time decreases as a result of age (see Wabatsa, Yund, Herron, & Reed,
2015, for review), train drivers are selected and recruitetth® bases of scoring high on
pre-defined vigilance, reaction time, concertation levaitg] alertness thresholds. In
addition, in the present study, male train drivers regmtesl 87.5 per cent (35 male and 5

female) of the recruited cohort, while in the previous siualies, males only represented
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12.2 per cent (9 male and 65 female) and 28.2 per cent (11 ndhl28afemale),

respectively.

7.3.3: Statistical analyses

, % 0 Piatistical Package for the Social Sciences (SP3Sipve23 for Mac was used to

analyse the data. A combination of various statisticatguiures were carried out on the
data; intraclass correlation coefficient (ICC) asay descriptive analyses, Wilcoxon
Signed Rank analyses, paired-sampessts, and analysis of variance (ANOVA). The

level of D< .05 was used for all statistical tests of this experimen

7.3.4: Materials and apparatus

Self-reported single-item measures based on the SmithbéMeg Questionnaire
(SWELL) (Smith & Smith, 2017c) were used to compare the implegieep quality (see

Figure 89) and workload (see Figure 90RU WUDLQ GULYHUVY KLJK DQC
In addition, caffeine consumptions before driving i.e., 'Hgwe had any caffeine (e.qg.,

coffee, energy drinks, tea, etc.) in the last 24 hoarg?after driving i.e., 'Have you had

any caffeine (e.g., coffee, energy drinks, tea, etngesstarting work today?' for both

high and low workload days were also compared. These questiaetl as demographic
TXHVWLRQV ZHUH DGPLQLVWHUHG R O8O0 HRIY W KKRAOX
Surveys (Qualtrics Labs, Inc. version 13.37.02) and powerddJascript Form Engine

(JFE version 15.03.04).
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Figure 89: Sleep quality single-item questionnaire

Figure 90: Workload single-item questionnaire

The mobile Psychomotor Vigilance Task (m-PVT) was present&@itodrivers oran
Apple iPhone 6s Plus mobile deviteX Q Q L Q JiGSverSidhL¥.3.2 (Apple Inc.) (see
Figure 91) The iPhone 6s Plus had the following hardware configuratgyssem chip
(Apple A9 APL1022), processor (Dual-core, 1840 MHz, Twister, 64-lgitaphics
processor (PowerVR GT7600), and system memory (2048 MB RAM) nTHPVT was
displayed on either a 7-inch (diagonal) 1280 x 800-pM&KGA) native resolution at
216 pixels per inch (ppi) liquid crystal display (LCD) displdiiat was a 5.5-inch
(diagonal) 1920 x 1080-pixel native resolution at 401 ppi Retiradedinition display.
The m-PVT was developed UQJ $SSOHTV Q D\ptogrhdmehibdlidhguade Vi
the graphical interface Xcode environment (version 9.4.1), lwisc Apple's IDE

(Integrated Development Environment) for iOS app developnmerdrder to increase
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validity and standardisation, all instructions both lirgh workload day (see Appendix
PP, QQ, RR, SS, TT, and UU) and low workload day (see App&hdixVW, XX, YY,

ZZ, and AAA) were provided to train drivers in written fornraih drivers were also
verbally debriefed at the end of the study to explaimttere of the study in accordance
with The British Psychological Society (BPS) codeéhafman research ethics (see BPS,
2014, for review) as well as train drivers being provided withogieliesheet to take home

(see Appendix BBB).

Figure 91: iOS App: Mobile Psychomotor Vigilance TaskRW¥)

7.3.5: Design

The experiment employed a 2 x 2 x 10 three-way repeatgesnaf variance (ANOVA)

comparing 2 x workload (high workload, or low workload) x 2 tohday (before driving

m-PVT, or after driving m-PVT) x 10 time on task (1-minuten@utes; 3 minutes, 4

minutes; 5 minutes; 6 minutes; 7 minutes; 8 minutes; 9 minutes;raimnides).
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The study involved train drivers attending four sessiornd) &esting approximately 20-
minutes; a before driving session (i.e., before bookingaod)an after driving session
(i.e., after booking-off) on two different days; one diagt train drivers perceived to be a
high workload day (i.e., extensive driving shift duration) andila@roday train drivers
perceived to be a low workload day (i.e., short driving shdfiration or
spare/standby/team brief), in exchange for £20. Drivers wstructed to select any two
high and low workload days from their allocated shift rosbeer the comig
weeks/months and were instructed that they did not have ¢o bonsecutive days. This
was important as it provided drivers with the flexibilityddreedom to identify days from
a larger period, since some drivers could go weeks or eveihsneithout being assigned
a low workload day as expressed by some train drigeor to running the study.
Therefore, due to the nature of this study, there wawaher effect as drivers were able
to choose a high workload day followed by a low workload daya® versa based on
variousfactorssuch as; availability (e.g., prior commitments), feasibi(igyg., catching
the last train home¥cheduling (e.g., short-term diagram alterations) and padityi(e.qg.,
finishing at Canton depptvhich some train drivs found inconvenient, despite the
researcher being able to accommodate). The study lasted d2@snin total for all four

sessions.

7.3.6:Procedure

In order to ensure participants were fully aware of the gigiuand exclusion criteria, all
train drivers were approached and verbally explained wiafatigue study involved
prior to them taking parfThe study was administered using an Apple iPhone 6s Plus
mobile device. In order to increase validity and standaidisaall instructions were
administered to train drivers in written form. This studypsisted of two measurements
during each of the four sessions. The first measuremastthe mobile Psychomotor

Vigilance Task (m-PVT), which was an iOS mobile applicatiension of Dinges and
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B3RZHOOTV homotd VigiHance Task. The second measurement were the slee
guality questionnaire pre-driving and the workload questionnaireduiving that were

administered within the Qualtrics Surveys iIOS mobile apfidina

In this mobile Psychomotor Vigilance Task (m-PVT) iOS molpleligation version (see

Figure 92), participants were presented with on-screen itistnrecand a button at the

HQG WKDW UHDG p6WDUWY @ KHRIZFEX DN EQ D EXgrMa\N HRIL ¢

and at the centre of the screen they would be preseiitiec large red fixation circle.
The red fixation circle (i.e., inter-stimulus intervalpuld remain on the screen for a
randomised duration that lasted betweettT seconds, which was then followed by a
yellow stimulus counter. As soon as the inter-stimuttsrval reached the randomised
duration, a yellow stimulus counter appeared counting rapidig oplliseconds from 0
15 seconds where it would lapse (i.e., error of omissio® rseconds) and begin the
next trial, or until the participant tapped on the scréarce the participant tapped on the
screen, their reaction time (i.e., stimulus) would lspldiyed for 0.5 seconds. At the end
of each trial, an empty black background would appear oesdoe 0.5 seconds. There
were 87 trials in total that lasted approximat&@/minutes. Kribbs and Dinges (1994)
found that after a maximum of three trials, the practftect for the PVT was removed.
Therefore, the first three trials were classified acfice trials and removed from the
final analyses. If participants responded prematurely duringriahyi.e., before the timer
commenced counting up), the trial would reset. To also ensanticipants were made
aware of their premature response, the following messagediwas displayed on the
FHQWUH RI WKH VFUHHQ <R X LFGDQ. FENHA @4l HURtrdfienU O \

of the mobile Psychomotor Vigilance Task (m-PVT) is presgim Figure 93.
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End Test

m-PVT Loop
Number of trials87 (3 practise, 84 test) Blank
Time on Task:10 minutes 0.5 seconds

Display Stimulus
0.5 seconds

Stimulus (Counter)
0 t5 seconds

Inter-Stimulus Interval
2 t10 seconds

Instructions

v

Time

Figure 92: Mobile Psychomotor Vigilance Task (m-PVT)eiime

a. Participants were presented with a large red circle ifuter-stimulus interval), which appeared for a
randomised duration between 210 seconds. If participants responded prematurely, a $tdse
warning message appeared informing them that they cltokeghrly and that the trial would be reset

b. As soon as the inter-stimulus interval reached the raisgd duration, a yellow stimulus counter
appeared counting up in milliseconds fromB seconds where it would lapse (i.e., error of omission
for 0.5 seconds) and begin the next trial, or until gtrg¢igipant had tapped on the screen.

c. Once the participants had tapped on the screen, thetraretime (i.e., stimulus) would be displayed
for 0.5 seconds.

d. Atthe end of each trial, a black background would appa-screen for 0.5 seconds.
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Figure 93: Visual illustration of a train driver using thebile Psychomotor Vigilance Task (m-PVT)

7.4: Results

The aim of this study was to investigate whether an offti imobile app version of the
online 10-min PVT i.e., offline 10-min m-PVT could be used to ddevels of fatigue
in frontline safety critical workers, %0V 6WDWLVWLFDO 3DFNDJH IRL

(SPSS) version 23 for Mac was used to analyse the data.

7.4.1:Reliability and validity

The following subsections address the reliability and iadifithe offline 10-min m-PVT
by highlighting the importance of; reporting the effecedia provide a confidence level
in the reportegb-values, reporting the intraclass correlation cogffit (ICC), which is a
widely used reliability analysis. Mauchly's Test of Spheyjaithich tests the hypothesis
that the variances of the differences between conditare equal are reported in the
following subsections; 7.4.5.1: Mauchly's Test of Spherioityniean reaction time (RT),
7.4.5.3: Mauchly's Test of Sphericity for mean speed resp@iBd), and 7.4.5.5:

Mauchly's Test of Sphericity for mean number of lapsepeaetively.
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7.4.1.1:Effect size

Chapter 5 outlines the rationale for reporting effect. Siberefore, the following partial
eta-squared ) threshold criteria were also used in this study; .01 Isn@& medium,

and .14 large (Cohen, 1973; Cohen, 1988).

7.4.1.2:Reliability

Chapter 5 outlines the rationale for reporting the itdssccorrelation coefficient (ICC)
The ICC estimates and their 95% confident intervalsasea mean-ratingk(= 20),
absolute-agreement, 2-way mixed-effects model revealedttibeg was an excellent
degree of reliability (see Ko & Li, 2016, for review) betwedinrd0 mean reaction times
(RTs) i.e., the high workload before driving offline 10-mirfRT (1-minute, 2 minutes,
3 minutes, 4minutes, 5 minutes, 6 minutes, 7 minutes, 8 minutes, 9 minutdsl @&
minutes), the high workload after driving offline 10-min m-PVTniirute, 2 minutes, 3
minutes, 4 minutes, 5 minutes, 6 minutes, 7 minutes, 8 minutes, 9emirarid 10
minutes), the low workload before driving offline 10-min m-PVTnfirute, 2 minutes,
3 minutes, 4 minutes, 5 minutes, 6 minutes, 7 minutes, 8 minutes)udemi and 10
minutes), and the low workload after driving offline 10-min m-P¥dn{inute, 2 minutes,
3 minutes, 4 minutes, 5 minutes, 6 minutes, 7 minutes, 8 minutes)u®er) and 10
minutes). The average measure ICC was .990 with a 95% confithtexal from .985

to .994 F(39, 1521) = 106.10p < .001.

7.4.2:Diagram duration

A paired-samples-test was conducted to compavé U D L Q Kdh woiKlbafi \day
diagram duration (i.e., shift duration) with their low workibday diagram duration (see
Figure 94). There was a significant difference as predeinteninutes between the
diagram duration for the high workload day € 540.0Q SD = 28.8§ (i.e., 9 hours 0

minutes) when compared to the low workload ddy=(467.75 SD=63.66) (i.e., 7 hours

205



47 minutes}(39) = 7.24p<.001 (2-tailed),d = 1.48, indicating a large effect size (Cohen,
1988; Cohen, 1992). This seems to indicate that train drivers identifying and
selecting diagrams that were significantly longer in domnator the high workload day
than when compared to diagram durations in the low workload-ttayever, for the low
workload day, these diagrams do not accurately represamtdtigers actual diagram
duration This was due in some instances, for example, wheredriaiers were rostered
to work the maximum shift duration of 09:30 but were relieved edriguty at the
discretion of the resource management team, whichndate practice when train drivers
are rostered the following duties; spare (SP), standBy, (&d team briefing (TB).
Therefore, since seven train drivers selected e#RerSB or TB for their low workload

day, adjustments were necessary.

Figure 94: Diagram duration

7.4.2.1:Adjusted diagram duration

A paired-samplestest was conducted to compare tr&nU L Yasjustgd high workload

day diagram duration (i.e., shift duration) wsW UD L Q G U L YidWunpxkload=dslyX V W H (
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diagram duration (see Figure 95). There was a significdigrehice as presented in
minutes between the diagram duration for the adjusted higkioaolr day M = 524.85
SD=28.38) (i.e., 8 hours 44 minutes) when compared to the atljostevorkload day
(M =417.13SD=63.62) (i.e., 6 hours 57 minuta¢39) = 10.35p < .001 (2-tailed)d
=2.21, indicating a large effect size (Cohen, 1988; Cohen,)198B seems to indicate
that train drivers were identifying and selecting diagramswieae significantly longer
in duration for the high workload day than when compareladaw workload day even
post adjustment for train drivers being relieved early o¥ dutthe discretion of the

resource management team

Figure 95: Adjusted diagram duration

7.4.2.2:Comparing diagram duration and adjusted diagram duration for both high and
low workload days

Further analyses were conducted to compaleLQ GULYHUYfV KLJK ZRUNOR
GXUDWLRQ L H VKLIW GXUDW®R LK WIR WNWODIRLEG GO
duration as well asGULYHUTV KLJK ZRUNORDG GD\ GLDYUDP C

adjusted high workload day diagram durat{see Figure 96)There was a significant
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difference, as presented in minutes, between the diagratiatufor the high workload
day M =540.0Q SD = 28.86) (9 hours 0 minutesrhen compared to the adjusted high
workload day ¢ = 524.85,SD= 28.38) (i.e., 8 hours 44 minutd6}39) = 7.22p < .001
(2-tailed), d = 0.54, indicating a moderate effect size (Cohen, 1988; Cdg9%). In
addition there was a significant difference, as presented in minogéseen the diagram
duration for the low workload dayA = 467.75,SD = 63.66) (i.e., 7 hours 47 minutes)
when compared to the adjusted low workload dAy(417.13SD= 63.62) (i.e., 6 hours
57 minutes}(39) = 3.46p=.001 (2-tailed)d = 0.81, indicating a large effect size (Cohen,

1988; Cohen, 1992

Figure 96: Comparing diagram duration with adjusted diagrastidn

These findings seem to indicate that train drivers oregeeworked 16 minutes less after
adjusting their scheduled diagram duration before takingipahe study at the end of
their shift for the high workload day. It is important to hightithat train drivers at Arriva
Trains Wales (ATW) are provided with an additional 10 misuatter their final diagram

turn (i.e., last train journeyd report any issues or safety incidents that may hawerced
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In addition, the 10 minutes is also available for train dsite return to the driver resource
management office, should they need further resourcstasse Therefore, it is common
practice for train drivers to finish their diagram (i.ghift) 10 minutes earlier than their
scheduled shift duration, should there be no issues oy gatetents to report. In contrast,
on average train drivers worked 50 minutes less after agjusieir scheduled diagram
duration before taking part in the study at the end of Hiit for the low workload day.
This is not too surprising when considering that train driverstiiikd and selected
diagram turns such as; spare (SP), standby (SB), andbieefimg (TB) for their low
workload day, knowing that there would be a possibilityeihg relieved early of duty
at the discretion of the resource management team, vehétlindard practice when train
drivers are rostered as; SP, SB, &id However, it is important to point out that thése
a huge discrepancy between the actual scheduled diagranoddoatihe low workload
day when compared to the adjusted diagram duration forwhe/dwkload day due to the
fact that some drivers were scheduled to wagkhours 30 minutes diagram but were

relieved of duty significantly earlier

7.4.3: Consecutive number of days worked

A paired-sampleg-test was conducted to compare the number of days train sriver
worked prior to taking part in the high workload day with thenbar of days train drivers
worked prior to taking part in the low workload day (see Figure Bfigre wasno
significant difference between the number of days tramedsiworked prior to taking
part in the high workload day/A = 2.85 SD = 1.83 when compared to the number of
days train drivers worked prior to taking part in the low woritlday M = 2.75 SD=
1.86) t(39) = .350 p = .728(2-tailed), d = 0.05, indicating a near zero effect size (Cohen,
1988; Cohen, 1992This seems to indicate that there was no significardreifice in the

number of days train drivers worked. In addition, it was that train drivers on average
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worked three days prior to taking part in the study, for bo¢hhigh workload day and

low workload day.

Figure 97: Consecutive number of days worked

7.4.4: Self-reported caffeine consumption

A Wilcoxon Signed Rank Test was conducted to comp#véJDLQ GULYHUTTV
consumption before driving i.e., 'Have you had any caff@rg, coffee, energy drinks,

tea, etc.) in the last 24 hours?' and after driving 'Have you had any caffeine (e.g.,
coffee, energy drinks, tea, etc.) since starting waalky8' for the high workload désee

Figure 98) The Wilcoxon Signed Rank Test revealed a statisticalyificant increase

in caffeine consumption before drivinigldn = 1) and after driving for the high workload

day Mdn=2),z=2.14, p =.032, r = .24, indicating a small effect size (Cohen, 1988).
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Figure 98: High workload day caffeine consumption

$ :LOFR[RQ 6LJQHG 5DQN 7HVW ZDV FRE@GXY¥WHDG | HALR
consumption before driving and after driving for the low workldag (see Figure 99)

The Wilcoxon Signed Rank Test revealed no statistis@digificant difference in caffeine
consumption before driving{dn = 1) and after driving for the low workload davidn
=2),z=.710,p 7TKHVH ILQGLQJV LGHQW L LLAHG PRIQYWX PV8 WL
after driving when compared to before drivingsasignificantly higher for the high
workload day, but not for the low workload day, which seemsid@ate that perhaps

caffeine consumption increases with workload.
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Figure 99: Low workload day caffeine consumption

7.4.5: Train Driver $ Fatigue Index (FI) Scores and Risk Index (RI) Scores

The fatigue index (FI) scores and risk index (RI) scoffesl 40 train drivers that took
part in the study were also extracted from CrewPlan. Howbweéh the FI scores and Rl
scores for seven drivers were not accuiraerewPlan for the low workload day. In some
instances, this was due to, for example, occasions in wiaichdrivers were rostered to
work the maximum shift duration of 9 hours 30 minutes but weikevesl early of duty

at the discretion of the resource management teamhwghstandard practice as outlined
above when train drivers are rosttke following duties; spare (SP), standby (SB), and
team briefing (TB) Therefore, since seven train drivers selected eitReiSBor TB for
their low workload day, adjustments were necessary iffiotine of replacing both their

Fl scores and RI scores with scores generated by thihtdedl Safety [H F X WHSE) TV
Fatigue Risk Index (FRI) calculator for these early asés at the discretion of the
resource management team that were not automatically arathaadjusted within the

CrewPlan system teeflect WU D L Q &&tudl Waethking diagram duration, but instead
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reflect WU D L Q aiddatétrshiffiddration to better align and correspond tivéhrain

driver § original roster

7.4.5.1:Comparing train drivers fatigue index (FI) scores and adjusted fatigue index
(AFI) scores for the low workload day

A paired-samplestest was conducted to compare train driilatgue index (FI) scores
and adjusted fatigue index (AFI) scores for the low workiday (see Figure 100)here
was no significant difference between the FI scokés (8.23,SD = 6.29) and the AFI
scores for the low workload dail(= 7.74,SD=5.57 t(39) = 1.04 p = .151(1-tailed),

d=0.08.

Figure 100 Fatigue index (FI) scores and adjusted fatigue index (AFI) scor&sifavorkload

7.4.5.2:Comparing train drivers risk index (RI) scores and adjusted risk index (ARI)
scores for the low workload day

A paired-samples-test was also conducted to compare train drifgs& index (RI)
scores and adjusted risk index (ARI) scores for the low wadkitay (see Figure 1Q1)
There was no significant difference between the Rl sddfdes .90,SD = .12) and the
ARI scores for the low workload dayi(= .89 SD=.11) t(39) = 1.50p = .071(1-tailed),

d =0.10, indicating a small effect size (Cohen, 1988; Cohen, 199®)e there were no
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train drivers that were relieved of duty at the discredibtihe resource management team
for the high workload day, no further paired-sampiest was conducted to compare the

FI scores and the adjusted FI sedoe the high workload day

Figure 101 Risk index (RI) scores and adjusted risk Index (ARI) scorelofomworkload

7.4.5.3:Comparing train drivers fatigue index (FI) scores for both high and low
workload days

A paired-samples-test was conducted to compare whether train driffatgyue index
(FI) scores for the high workload day were significantlyhieigthan the low workload
day (see Figure 102). There was significant difference between the FI scores for the
high workload dayN§l =9.04, SD= 6.78) and the low workload dayl(=8.23 SD=6.29

t(39) = .678p = .251(1-tailed) d = 0.12
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Figure 102 Fatigue index (FI) scores between high workload and low watkloa

7.4.5.4:Comparing train drivers adjusted fatigue index (AFI) scores for both high and
low workload days

A paired-samplestest was conducted to compare whether train drifgelsisted fatigue
index (AFI) scores for the high workload day were signifigahigher than the low
workload day (see Figure 103). There was no significant differéetween the AFI
scores for the high workload dayl (= 9.04,SD = 6.78) and the low workload dayl(=

7.74,SD=5.57)t(39) = 1.06p = .149 (1-tailed)d = 0.21.

Figure 103: Compering train drivers Adjusted fatigue index (AFdjescbetween high workload and low
workload
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7.4.5.5:Comparing train drivers risk index (RI) scores for both high and low workload
days

A paired-samplestest was also conducted to compare whether train difkisksindex
(RI) scores for the high workload day were significantly higtten the low workload
day (see Figure 104). There was a significant differencselegt the Rl scores for the
high workload dayNl = .97 SD=.28) and the low workload day(= .90, SD=.12)
t(39) = 1.77 p = .043(1-tailed), d = 0.28, indicating a small effect size (Cohen, 1988;

Cohen, 1992)

Figure 104 Risk index (RI) scores between high workload and low workloa

7.4.5.6:Comparing train drivers adjusted risk index (RI) scores for both high and low
workload days

A paired-samples-test was also conducted to compare whether train diffaeljasted
risk index (ARI) scores for the high workload day werasigantly higher than the low
workload day (see Figure 105). There was a significant diftereetween the ARI scores
for the high workload dayM = .97,SD = .28) and the low workload dail(= .98,SD
=.11)t(39) = 2.07,p = .002(1-tailed),d = 0.35, indicating a small effect size (Cohen,

1988; Cohen, 1992
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Figure 105: Adjusted risk index (ARI) scores between high wackend low workload

7.4.6:mobile Psychomotor Vigilance Task (m-PVT)

A total of 13,920trials were recorded from 40 train drivers. The first thires were

practice trials and thus were removed from the analjesang 13,400 test trials (84 per
session; 336 across all four sessioased on Basner and Dinges (2011)
recommendations, test trials with reaction times {RI400 ms i.e., false start, which
accounted for 0.05 per cent (n =7) of all RTs, &dV - PV L H QXPEHU R
which accounted for 2.75 per cent (n = 370) of all RTs wecku@ed from the final
analyses, which representatbtal of 2.81 per cent (n = 377) of all tesals. All 2.81 per

FHQW Q R | 5(7eV, numberP®Mapses) were analysed separately.

7.4.6.1:Mauchly's Test of Sphericity for mean reaction time (RT)

The assumption of sphericity was examined using the Maudhdgtsof Sphericity. For
the mean reaction time (RT) analyses, all Mauchly's d&Sphericity indicated that the
assumption of sphericity had not been violated,; i.e., timeask, $(44) = 71.83p = .005
workload x time on task$(44) = 40.01p = .649 time of day x time on task$(44) =

53.98 p = .149; and workload x time of day x time on ta$k44) = 31.07p =.931 In
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addition, Greenhous&eisser test was reported for workload, time of day, and wewtkl

x time of day, as nothing was known about sphericity.

7.4.6.2:Mean reaction time (RT)

Figure 106 and Figure 107 present the illustrated mean redichies RTS) across the
different conditions split into the high workload and low wodd day. The mean RTs
were submitted to a 2 x 2 x 10 three-way repeated analysisriahe@a (ANOVA)
comparing 2 x workload (high workload, or low workload) x timelay (before driving
m-PVT, or after driving m-PVT) x 10 time on task (1-mineminutes; 3 minutes, 4

minutes; 5 minutes; 6 minutes; 7 minutes; 8 minutes; 9 minutes;imides).

Figure 106 Mean reaction times (RTs) for high workload and time ok tasmninute intervals)
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Figure 107: Mean reaction times (RTs) for low workload ime on task (1-minute intervals)

There wasno significant main effect of workload, GreenhodSeisser= 1.00, F(1,
39), .53Q0p = .471 ,?> = .0L. There was a significant main effect of time of day,
Greenhouseéseisser= 1.00, F(1, 39), 10.45p o2 = .21, indicating a large effect
size (Cohen, 1973; Cohen, 1988; Levine & Hullett, 2002), which prowidiegh level of
confidence in the reportqevalue There was a significant main effect of time on task,
Sphericity Assumedr(9, 351), 9.85p < o> = .2Q indicating a large effect size
(Cohen, 1973; Cohen, 1988; Levine & Hullett, 2002), which also prewddegh level of
confidence in the reportgevalue. There was a significant two-way interaction betwee
workloadx time of day GreenhouseGeisser= 1.0Q F(1, 39), 5.05p =.030 2 =.12
indicatinga medium effect size(Cohen, 1973; Cohen, 1988; Levine & Hullett, 2902)
which provides a moderate level of confidence in the tedgr-value. There were no
significant two-way interaction between workloadime on taskSphericity Assumed
F(9, 351),1.69, p=.090 ,?=.04;as well as a two-way interaction between tingagf

x time on task, Sphericity Assumde(9, 351), 143, p=.176 p~ =.04. There was also
no significant three-way interaction between workloatme of day x time on task,

Sphericity Assumeds(9, 351),1.30, p = .236 ,?=.03
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7.4.6.2.1Mean reaction time (RT) Post-Hoc tests

The main effect of time of day is illustrated in Figd@8 and was followed by post-hoc
tests with Bonferroni correction for multiple comparisoRsst-hoc tests showed that
train drivers mean RTs were significantly faster in th@ning M = 306.06 msSE =

5.02 ms) when compared to the afternoin{312.01 ms,SE= 4.62 ms) = .002.

Figure 108: Time of Day

The main effect of time on task is illustrated in FigL®® and was followed by post-hoc
tests with Bonferroni correction for multiple comparisoRsst-hoc tests showed that
train driversfmean RTs were significantly consecutively slower aiteninutes M =
309.66 msSE=4.62 ms) on the m-PVT temporal attention task when companeean
RTs after the first minuteM = 301.76 msSE = 4.77 ms)p = .004 From 5-minutes
onwards, all train drivers had consistently slower niR&s than from the first minute on
the m-PVT temporal attention tagi & 301.76 msSE= 4.77 ms) when compared ®
minutes M = 309.87 msSE=4.75 ms)p =.016, 7 minutesNl = 311.65 msSE= 5.02
ms)p < .001, 8 minutesM = 312.00 msSE= 4.77 msp = .002, 9 minutes = 313.38

ms,SE=5.02 ms)p < .001, and 10 minute®(= 313.88 msSE=4.76 msp < .001.
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Figure 109: Time on Task

The interaction between workload and time of day is ilaiett in Figure 110 and was
followed by post-hot-tests with Bonferroni correction for multiple comparis. On the
high workload day, train drivers had significantly fastemm@Ts before driving M1 =
303.64 msSE=5.14 m3 when compared to mean RTs after driviMg%£ 312.89 msSE

= 4.67 ms) p = .002. This was a statistical decrease of 9.25 ms fraimdrivers mean
RTs before driving and after drivintn comparison, on the low workload day, there was
no significant difference in train drivers mean RTs befdniving M = 308.49 msSE=
5.14 ms) when compared to mean RTs after driviig=(311.14 msSE=5.01 ms),p

= .159. In contrast, train drivers had significantly fasteamRTs before driving in the
high workload dayNl = 303.64 msSE= 5.14 ms) when compared to mean RTs before
driving in the low workload dayM = 308.49 msSE= 5.14 ms)p =.036. However, there
was no significant difference in train drivers mean Rffex ariving in the high workload
day M = 312.89 msSE = 4.67 ms) when compared to mean RTs before driving in the

low workload day 1 = 311.14 msSE= 5.01 ms)p =.549.
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Figure 110: Workload and Time of Day interaction

7.4.6.3:Mauchly's Test of Sphericity for mean speed response (1/RT)

The assumption of sphericity was examined using the Maudrdgtsof Sphericity. For
the mean speed response (1/RT) analyses, Mauchly's TestarfcRy indicated that the
assumption of sphericity had been violated for time sk,t$(44) = 67.24,p = .014.
Therefore, the Greenhouse-Geisser test was reporteddinstedphericity Assumed,
since Greenhous&eisser Epsilon was less than .75 for time on task.tAdrdVauchly's
Test of Sphericity indicated that the assumption of spitgrhad not been violated:
workload x time on task$(44) = 38.79p = .699; time of day x time on task(44) =
43.41,p = .503; and workload x time of day x time on ta$k44) = 32.92p = .892. In
addition, Greenhous&eisser test was reported for workload, time of day, and oextk|

x time of day, as nothing was known about sphericity.
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7.4.6.4:Mean speed response (1/RT)

Figure 111 and Figure 112 present the illustrated mean speed res(ibiR3s) across
the different conditions split into the high workloaadaow workload day. The mean
1/RTs were submitted to a 2 x 2 x 10 three-way repeated araiysisance (ANOVA)
comparing 2 x workload (high workload, or low workload) x timelay (before driving
m-PVT, or after driving m-PVT) x 10 time on task (1-minute; dutes; 3 minutes, 4

minutes; 5 minutes; 6 minutes; 7 minutes; 8 minutes; 9 minutes;mimides).

Figure 111: Mean reaction times (RTs) for high workload ané tin task1-minute intervals)

Figure 112: Mean reaction times (RTs) for low workload time& on task1-minute intervals)
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There was no significant main effect of workload, Greenh&mieser= 1.00, F(1,
39), .547p = .464 ,?> = .01. There was a significant main effect of time of,da
Greenhouse-Geisserl.0Q F(1, 39), 1351, p=.001 ,° =.26, indicating a large effect
size (Cohen, 1973; Cohen, 1988; Levine & Hullett, 2002), which pes\achigh level of
confidence in the reportgavalue. There was a significant main effect of time askt
Greenhouse-Geisser = .7096.38 248.80), 1114, p< o> = .22, indicating a large
effect size (Cohen, 1973; Cohen, 1988; Levine & Hullett, 2002),wd®o provides a
high level of confidence in the reportg@evalue There was a significant interaction
between workloac time of day Greenhouse-Geisser.0Q F(1, 39), 5.93p=.02 2

= .13, indicating a medium effect size (Cohen, 1973e0p 1988; Levine & Hullett,
2002), which provides a moderate level of confidence in {herredp-value. There was
no significant two-way interaction between workloatiime on task, Sphericity Assumed
F(9, 351), 1.71p=.086 p?=.04; as well as two-way interaction between time gf da
x time on task, Sphericity Assumde(9, 351), 1.46p = .163 p~ =.04. There was also
no significant three-way interaction between workloatime of day x time on task,

Sphericity Assumed=(9, 351), 1.32p = .224 ,>=.03

7.4.6.4.1Mean speed response (1/RT) Post-Hoc tests

The main effect of time of day is illustrated in Figd¥3 and was followed by post-hoc
tests with Bonferroni correction for multiple comparisoRsst-hoc tests showed that
train drivers mean 1/RTs were significantly quicker inr@ning M = 3.31, SE= .05

when compared to the afternodvi € 3.24, SE= .05 p =.001.
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Figure 113: Time of Day

The main effect of time on task is illustrated in Fg@d4 and was followed by post-hoc
tests with Bonferroni correction for multiple comparisoRsst-hoc tests showed that
train drivers mean 1/RTs were significantly consecutigddyver after Sminutes M =
3.27, SE=.05) on the m-PVT temporal attention task when compared 4o iR Ts after
the first minute M = 3.35 SE=.05 p = .003. From 5-minutes onwards, all train drivers
had consistently slower mean 1/RTs than from the rinisute on the m-PVT temporal
attention taskNl = 3.35,SE=.05) when compared to; 6 minutd&$ € 3.26 SE=.05 p
=.004, 7 minutesM = 3.25 SE=.05) p <.001, 8 minutesM = 3.24 SE=.05 p =.001,

9 minutes M = 3.23 SE=.05) p<.001, and 10 minute$/(= 3.22 SE=.05) p < .001.
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Figure 114: Time on Task

The interaction between workload and time of day is ilaiett in Figure 115 and was
followed by post-hot-tests with Bonferroni correction for multiple comparis. On the
high workload day, train drivers had significantly better mE&Ts before drivingNl =
3.33 SE=.05) when compared to mean 1/RTs after drivMg-@.23 SE=.05),p=.001

By comparison, on the low workload day, there was noifsignt difference in train
drivers mean 1/RTs before drivinljl (= 3.28 SE=.05) when compared to mean 1/RTs
after driving M = 3.25 SE=.05),p = .112. In contrast, train drivers had significantly
better mean 1/RTs before driving in the high workload déy=(3.33 SE=.05) when
compared to mean 1/RTs before driving in the low workload Mky 8.28 SE=.05),p

= .026. However, there was no significant differenceramtdrivers mean 1/RTs after
driving in the high workload dayM = 3.23 SE= .05 when compared to RTs before

driving in the low workload dayM = 3.25 SE=.05),p = .469.
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Figure 115: Workload and Time of Day interaction

7.4.6.5:Mauchly's Test of Sphericity for mean number of lapses

The assumption of sphericity was examined using the Maudrdgisof Sphericity. For
the mean number of lapses analyses, all Mauchly's T&ihericity indicated that the
assumption of sphericity had been violated: time on tsKk4) = 119.45p < .001;
workload x time on task$(44) = 103.80p < .001; time of day x time on tasi§(44) =
127.66,p < .001; and workload x time of day x time on ta$k44) = 111.02p < .001.
Therefore, the Greenhouse-Geisser test was reporteddinstegphericity Assumed,
since Greenhous&eisser Epsilon was less than .75 for time on task, worlkidawe on
task, time of day x time on task, and workload x tirhday x time on task. In addition,
the Greenhous#seisser test was also reported for workload, time of dad/warkload

x time of day, as nothing was known about sphericity.
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7.4.6.6:Mean number of lapses

From all test trials, a total of 2.75 per cent (n =330V - (iRkVYnumber of lapses)
were submitted for data analyses. Figure 116 and Figure 117 tifessédlustrated mean
number of lapses across the different conditiong spb the high workload and low
workload day. The mean number of lapses were submitted to 2 2 %0 three-way
repeated analysis of variance (ANOVA) comparing 2 x work{bagh workload, or low
workload) x time of day (before driving m-PVT, or after drivimgPVT) % 10 time on
task (1-minute; 2 minutes; 3 minutes, 4 minutes; 5 minutes; 6 minutesnutes; 8

minutes; 9 minutes; or 10 minutes).

Figure 116: Mean number of lapses for high workload and timtask (1minute intervals)
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Figure 117: Mean number of lapses for low workload and timtask (1-minute intervals)

All main effects and interactions were not significamorkload, Greenhouse-Geisser
1.00 F(1, 39), .406p =.528 ,?=.01; time of day, Greenhouse-Geisset.0Q F(1,
39), .026,p = .872 ? = .00; time on task, Greenhouse-Geisser =,.5%4.69
182.73), .8520=.508 ?=.02; two-way interactions between: workload x time of day
Greenhouse-Geisserl.0Q F(1, 39), .073p=.788 2= .00; workload x time on task,
Greenhouse-Geisser = .6E§5.52 215.32), .7250=.619 ,?=.02; time of day x time
on task, Greenhouse-Geisser = ,574@.73 184.50), 1.520=.188 ,?=.04; and three-
way interactions between workload x time of day x timeask,t Greenhouse-Geisser
= .558 F(5.02 195.89), 1.09p = .366 > = .03 Therefore, no further analyses were

carried out on the mean number of lapses outcomeasetri

7.4.7:Subjective single-item measures
Wilcoxon Signed Rank tests were carried out to identify thére there were any
differences in sleep related single-item measuresrdeafoving and workload related

single-item measures after driving that could be a sigmficontributing factor towards
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any chaWHV LQ UHDFWLRQ WLPHV 57V ZKHIXFRPSNDORQG

and the low workload day.

7.4.7.1:Before driving sngle-item measures

As can be seem from Table 8, there was a significantelifée in alertness levels before
driving for the high workload dayMd = 8.0) when compared to the low workload day
(Md = 7.5)z=-2.55,p = .011,r = .40, indicating a medium effect size of 40 per cent
(Cohen, 1988). This seems to indicate that train drivers wmerre alert before driving on
the high workload day than on the low workload day, which couwdicate that train
drivers are better rested when knowing they would have a deranding workload
ahead (i.e., high workload), which supports the view of traiveds preparing and
HQVXULQJ WKH\ DU H e3Wwerd/nd Rtber Gignicent sirgle-item measures
differences in the: quality of sleep the night before dgior the high workload dayMd

= 7.0) when compared to the low workload ded(= 7.0)z=-.373,p = .709,r = .06;

the quality of sleep the previous night before driving fer high workload dayMd =
7.0) when compared to the low workload dMd(= 7.0)z=-.098,p = .922,r =.02; and
how well train drivers felt before driving for the high warétl day Kd = 8.0) when

compared to the low workload dayid = 8.0)z=-1.42,p=.115,r = .22.

High Workload Low Workload
Median SD Median SD z p (2-tailed) r (Effect size)
Before Driving: Sleep Quality Single-Item Measures
How was the quality of your sleep last night? 7.0 18 7.0 1.9 -0.37 =.709 .06
How was the quality of your sleep the night belas night? 7.0 1.8 7.0 1.6 -0.10 =.922 .02
How well are you feeling now? 8.0 16 8.0 14 -1.42 =5.15 .22
How alert do you feel now? 8.0 14 7.5 1.6 -2.55 =.011* .40

S S S

Table8 7UDLQ G Urepotiad §ingl&tited measures of their sleep quality

7.4.7.2:After driving single-item measures

As can be seem from Table 9, all single-item measutes difiving between the high
workload day compared to the low workload day were statisticalyifgiant. Train

drivers indicated that they felt more fatigued after dgvior the high workload dayd

230



= 8.0) when compared to the low workload d&d(= 6.5)z=-3.08,p = .002,r = .49,
indicating a medium effect size of 49 per cent (Cohen, 1988 drivers also indicated
that their workload was significantly greater after drivingtfee high workload dayMd

= 8.0) when compared to the low workload d&d(= 5.0)z=-5.26,p < .001,r = .83,
indicating a large effect size of 83 per cent (Cohen, 198&ddition, train drivers felt
more stressed after driving for the high workload ddg € 5.0) when compared to the
low workload dayfd = 3.0)z=-2.97,p=.003,r = .47, indicating a medium effect size
of 47 per cent (Cohen, 1988). Furthermore, train driverstifelt they had to put
significantly more effort into their job after drivingrfthe high workload dayMd = 8.0)
when compared to the low workload ddd= 6.0)z=-4.49,p< .001,r =.71, indicating

a large effect size of 71 per cent (Cohen, 1988). Moreaaan,drivers also reported that
their diagram (i.e., shift roster) was more fatiguingtfa high workload dayMd = 8.0)
when compared to the low workload ddjd=4.0)z=-4.91,p< .001,r =.78, indicating

a large effect size of 78 per cent (Cohen, 1988). Thesectubjsingle-item measures
seem to indicate that train drivers selected a significamore demanding shift for the
high workload day than for the low workload day. Moreoveese findings also seem to
highlight that the high workload day was; more fatiguing, hddigher workload, was
more stressful, required more effort to be put intojtie and had a more fatiguing

diagram (i.e., shift roster) than the low workload day.

High Workload Low Workload
Median SD Median SD z p (2-tailed) r (Effect size)
After Driving: Workload Single-ltem Measures
How fatigued do you feel now? 8.0 1.7 6.5 2.1 -3.08 = .002** .49
How was your workload today? 8.0 1.3 5.0 1.9 -5.26< .001*** .83
How stressed do you feel now? 5.0 2.0 3.0 1.9 -2.97=.003** A7
How much effort did you have to put into your jolday? 8.0 15 6.0 1.9 -4.49 < .001*** 71
How fatiguing was your diagram today? 8.0 17 4.0 2.1 491 <.001*** .78

Table9 7UDLQ G UrepoHad §ingl&tited measures of their workload
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7.4.8:Relationships betweenW UD L Q Gubjedtitelafid/objective measures
6SHDUPDQ TV cthielgidbhsRvere iidrito determine the relationship between tr
GULYHUVY VX Etehi iRa&sdudéesii.e/, Lsi@epQyHality questionnaire and workload
guestionnaire and objective measures i.e., mobile Psychowfigtiance TaskKm-PVT),
diagram duration as wellastheHD OW K D QG 6 D | HHBE) Kdtid ekl vdax V
(FRI) calculator as part of Arriva Trains Wales (ATWitigue Risk Management System
(FRMS) for both the high workload day (see Table 10) andiovkload day (see Table

11)

7.4.8.1:Bivariate analyses: High workload day

All subjective single-item measures of the sleep qualitygiuenaire (i.e., how was the
guality of your sleep last night?, how was the quality afrysleep the night before last
night?, how well are you feeling now? and how alert do younf@el?) showed significant

positive correlations with each other for the low woaklalay (see Table 10).

Subjective single-item measures of the workload questionfi@rehow fatigued do you
feel now?, how was your workload today?, how stressed do ybude®, how much
effort did you have to put into your job today?, and how fatigwwag your diagram
today?), which were administered after driving also showedifisignt positive
correlations with each other, with the exception ob telationships; the association
between perceived workload levels and perceived levels e$sstias well as the
association between how stressed train drivers feltddteng and how much effort train

drivers felt had to be put into their job.
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High Workload Day

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Subjective Single-ltem Measures

Before Driving (Sleep Quality Questionnaire)
1. How was the quality of your sleep last night? .
2. How was the quality of your sleep the night befase hight? .331* .
3. How well are you feeling now? 527+ 587 .
4. How alert do you feel now? 573+ A57** 768**

Before Driving Caffeine Consumption
5. Have you had any caffeine (e.g., coffee, energy siritela, etc.) in the last 24 hours? -.048 .050 .169 -.104

After Driving (Workload Questionnaire)
6. How fatigued do you feel now? -.334* .029 -172 -.156 -.140 .
7. How was your workload today? -.047 .324* .185 212 -.147 505** .
8. How stressed do you feel now? -.301 -121 -.381* -.320% -.047 A484** .086 .
9. How much effort did you have to put into your jodap? .050 .345* .248 .253 -.034 484** .598*** 173 .
10. How fatiguing was your diagram today? -.176 .027 -.009 -.014 .008 646*** 666%** .370% AT76%*

After Driving Caffeine Consumption
11. Have you had any caffeine (e.g., coffee, energy drieisetc.) since starting work today? .007 216 278 102 .092 .006 .348* -.016 210 127

Objective Measures
Before Driving
mobile-Psychomotor Vigilance Task (m-PVT)

12. m-PVT Mean Reaction Time (RT) difference in RTesn 1-min and 10-min -112 .106 .044 .067 188 216 .256 172 432%* 186 -.041 .
13. m-PVT Mean Speed Response (1/RT) difference ifi b&ween 1-min and 10-min 104 -.098 -.017 -.038 -.152 -.186 -.237 -155 -.436** -.163 .030 -.990%** .
14. m-PVT Mean Number of Lapses (Lapses) differentagses between 1-min and 10-min -.130 .038 -.041 -.161 -.066 -.181 -.207 -.127 -.095 -.102 74.1 -.188 .142

After Driving

mobile-Psychomotor Vigilance Task (m-PVT)

15. m-PVT Mean Reaction Time (RT) difference in R 1-min and 10-min -.076 -173 -.213 -.182 .185 -.181 -.312 113 -.338* -.110 -.249 -.115 141 .005 .
16. m-PVT Mean Speed Response (1/RT) difference ifi b#ween 1-min and 10-min .076 182 202 77 -.217 195 .329* -.120 .333* 117 239 120 -.141 -.014  -.992%* .
17. m-PVT Mean Number of Lapses (Lapses) differentases between 1-min and 10-min -.025 -.116 223 134 .255 -.043 -.160 -.218 .153 -.046 117 045 .048 .402% -.127 .098

Diagram Turn
18. Diagram Duration (DD) -.039 101 .018 -.005 -127 -.075 .389* .033 .045 .195 093 .073 -.070 -.160 -.190 .201 -.235 .
19. Adjusted Diagram Duration (ADD) .045 031 -.022 .071 -.180 -.104 184 .040 .018 .054 -.024 4.00 -.011 -.124 -.312 .316* -.307 766%**

Fatigue Risk Index (FRI) Scores
20. Fatigue Index (FI) -.075 -.044 -.169 -.083 -.227 .280 172 .102 093  .445** .054 -.165 .188 .155 222 -.168 .079 -.161 -.118 .
21. Risk Index (RI) -.069 .034 -.045 .034 -.016 .323* .368* 131 .286 519 249 .089 -.063 141 .067 -.013 .250 117 -.075 648 .
22. Adjusted Fatigue Index (AFI) -.075 -.044 -.169 -.083 -.227 .280 A72 102 .093 445 .054 -.165 .188 .156 222 -.168 .079 -.161 -.118 1.000***  g6% .
23. Adjusted Risk Index (ARI) -.069 .034 -.045 .034 -.016 .323* .368* 131 .286 .519%* .249 .089 -.063 141 .067 -.013 .250 117 -.075 .648*** 1000 .648**

“p <05, #p < 005 ***p < 001,

Table 10 6 S H D U P Dréldtigngbip fQrihe high workload day

233



Low Workload Day

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Subjective Single-ltem Measures

Before Driving (Sleep Quality Questionnaire)
1. How was the quality of your sleep last night? .
2. How was the quality of your sleep the night befase hight? .337% .
3. How well are you feeling now? 469 .359* .
4. How alert do you feel now? 374 .316* 692**

Before Driving Caffeine Consumption
5. Have you had any caffeine (e.g., coffee, energisiriea, etc.) in the last 24 hours? -.015 107 117 116

After Driving (Workload Questionnaire)
6. How fatigued do you feel now? -.334* -.249 -.349% -.397* .076 .
7. How was your workload today? -.063 -.291 -.191 -.014 .062 312 .
8. How stressed do you feel now? -.152 -.144 - 471 -.068 .004 .342% .265 .
9. How much effort did you have to put into your jotap? 273 -.196 -.072 .046 .011 113 557 .379* .
10. How fatiguing was your diagram today? .020 -.158 -.061 -.028 115 .340% .805*** .266 558+

After Driving Caffeine Consumption
11. Have you had any caffeine (e.g., coffee, energksiriea, etc.) since starting work today? .017 -.157 -.148 -.059 137 -.081 -.175 .033 -.006 -.361*

Objective Measures
Before Driving
mobile-Psychomotor Vigilance Task (m-PVT)

12. m-PVT Mean Reaction Time (RT) difference in RTesin 1-min and 10-min -.093 127 .021 .079 128 157 -.051 -.062 .069 -.074 -.032 .
13. m-PVT Mean Speed Response (1/RT) difference ifi b&ween 1-min and 10-min 017 -.110 -.024 -.070 -.101 -.130 098 075 -.068 119 -.008 -.984* .
14. m-PVT Mean Number of Lapses (Lapses) different@pses between 1-min and 10-min .054 178 .210 269 072 -.077 -.074 -.187 .011 -.015 -.205 .399* -.368*

After Driving

mobile-Psychomotor Vigilance Task (m-PVT)

15. m-PVT Mean Reaction Time (RT) difference in RTsn 1-min and 10-min -.063 .043 279 133 .024 194 -.229 -.216 =177 -.019 -.141 070. -.074 173 .
16. m-PVT Mean Speed Response (1/RT) difference ifi b&ween 1-min and 10-min .028 -.060 -.275 -.133 .021 -.175 .238 191 173 045 107 51-.0 .061 -.190 -.988%** .
17. m-PVT Mean Number of Lapses (Lapses) differenteses between 1-min and 10-min -112 -.019 -.078 -.122 .033 -.004 -212 -.108  -.358* -.189 .200 -.176 211 .010 -.022 .020

Diagram Turn
18. Diagram Duration (DD) .092 -.015 -.071 .030 -.362* 187 -.076 247 .050 -.242 .062 194 -.225 -.075 .000 -.045 34.1
19. Adjusted Diagram Duration (ADD) .046 .052 -.199 -.071 -.103 -.126 137 -.109 -.015 .057 124 .037 .052 145 -.136 .101 141 .039

Fatigue Risk Index (FRI) Scores
20. Fatigue Index (F1) .093 .095 -.214 -.132 -447* .020 -.029 .005 .009 -.202 .044 .098 -121 144 .029 -.049 0.11 .398* .308 .
21. Risk Index (RI) -.054 120 -.205 -.167 -.050 -076  -.347* -.069 -.226 -.429* -.082 .280 -.300 -.031 -.042 .063 .106 311 .057 .280 .
22. Adjusted Fatigue Index (AFI) -112 .146 -.352% -124 -.080 131 -.104 .038 -211 -.118 .024 120 -.157 118 107. -121 -.018 .166 .351*% 178 .334* .
23. Adjusted Risk Index (ARI) -.135 -.170 -.305 -.015 .098 .038 -.035 .072 126 -.053 077 072. -.095 .094 .058 -.057 073 134 .290 -.038  .484* .648***

*p <05, #p < .005; #*p < 001,

Tablell 6SHDUPDQYY UDQN UHODWLRQVKLS IRU WKH ORZ ZRUNORDG GD\
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There were no significant correlations between caffeamswemption before driving i.e.,
flave you had any caffeine (e.g., coffee, energy drinkseteg in the last 24 hour§p?
and any other subjective as well as objective measures. Howleser was a significant
positive correlation between caffeine consumption alteting i.e., glave you had any
caffeine (e.qg., coffee, energy drinks, tea, etc.)esstarting work today%and perceived
workload levels(40) = .348p = .028, with an R=.121. All other correlations were not
significant between caffeine consumption after driving andta#r subjective as well as

objective measures.

7KHUH ZDV D VLJQLILFDQW QHJDWAWYHY AR YV HXD\W LR |
night before their shift started and perceived fatiguelgeafter drivingr(40) = -.334p

=.035, withan R $00 RWKHU FRUUHODWLRQVWV ZIHU 8 WLRWM L
quality of sleep the night before their shift started p@rceived levels of; workload, stress,

how much effort train drivers had to put into their jolg aow fatiguing the diagram was

for train drivers. However, there was a significant pesitiorrelation between the quality

of sleep the night prior before their shift started andgieed workload levels(40)

=.324,p = .042, with an R=.105, as well as a significant positive correlation betwe

the quality of sleep the night prior before their shiftrtd and how much effort train

drivers had to put into their jok{40) = .345,p = .029, with an R= .119. All other
correlations were not significant between train i IV TXDOLW\ RI VOHHS W
the night before their shift started and perceived lewg&ldfatigue, stress and how

fatiguing the diagram was for train drivers.

There was also a significant negative correlation betweantrain drivers were feeling
before their shift started and how stressed train driedtrsfter drivingr(40) = -.381p
= .015, with an R=.145. All other correlations were not significant betwkew train

drivers were feeling before their shift started and perddereels of; fatigue, workload,
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how much effort train drivers had to put into their jola Aow fatiguing the diagram was

for train drivers.

There was also a significant negative correlation betwwsn alert train drivers felt
before their shift started and how stressed train driedrafter drivingr(40) = -.320p
= .044, with an R=.102. All other correlations were not significant betwieew alert
train drivers felt before their shift started and lsvef; fatigue, workload, how much
effort train drivers had to put into their job, and how fatiguhe diagram was for train

drivers.

There were no significant correlations between all tigestive single-item measures of

sleep quality and all the objective measures both befoveng and after driving using

the offline mobile Psychomotor Vigilance Task (m-PVT) i.eeamreaction times (RTS),

mean speed responses (1/RTs), and mean number of lapsel aasfrom Arriva Trains
:DOHVY $7: IDWLJXH ULVN P MQDiIEr&nPRAM.ey tiagvarP )5
duration (DD), adjusted diagram duration (ADD), including theytest index (FI), risk

index (RI), adjusted fatigue index (AFI), and adjusted rislex(ARI) scores.

There was a significant positive correlation betweem tdaiversffatigue levels after
GULYLQJ DQG $7:1V ULWNHOLOQ.82B) = D42, WithRi RI2/.104, as

well as a significant positive correlation betweemtdhiversffatigue levels after driving

and the adjusted risk index (RI) scoré$0) = .323p = .042, with an R=.104. All other
correlations were not significant between train driflEasgue levels after driving and the

other objective measures after driving;38 7 57V 57V ODSVHV $7:1V "
and AFI scores. These findings are consistent withetfosnd in Chapter 3, which
LGHQWLILHG WKDW EDVHG RQ $7:V WWRIX)HBOGLVN
recommended thresholds of Fl score = 45 and RI scbré (ATW, 2017a), it was found

that only 0.2 per cent (n = 1) of train drivers had exceddedrl score of 45, while 2.1
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per cent (n = 12) of train drivers had exceeded the Resifdl.6, which seems to further
support that perhaps the Rl score may provide a better mredictdentifying train

GULYHUTV OHYHO)RNVFERWIH RH WHGHD BB JERIY dalulator.

There was a significant positive correlation between waukllevels and train drivefs
m-PVT mean speed responses (1/RMdp) = .329,p = .038, with an R= .108. In
addition, there was also a significant positive coti@abetween workload levels and
diagram duration (DD). Moreover, there was a positiveetation between workload
OHYHOV DQG $7:T1V ULYAD)EGEES E .020, withFaR B+.135, as well
as a significant positive correlation between workloadlieand the adjusted risk index
(RI) scoresr(40) = .368,p = .020, with an R= .135. All other correlations were not
significant between workload levels after driving and the robhgective measures after

driving; m-PVT RTSs, lapses, ADD, FI, AFI, scores.

There were no significant correlations between how stldssia drivers felt after driving
and all the other objective measures after driving; m-PVT RIR7V ODSVHV $7:¢

DD, ADD, FI, RI, AFI, and ARI scores.

There was a significant negative correlation between imoich effort train drivers had

to put into their job and train drivefg-PVT mean reaction times (RTig#0) = -.338p

=.033, with an R=.104. There was also a positive correlation betweemhoeh effort

train drivers hadW R SXW LQWR WKHLU -P\REpé&e@ @spangdds (IRTS)U L Y F
r(40) = -.333,p = .036, with an R=.111. All other correlations were not significant
between how much effort train drivers had to put intortjodd and the other objective

measures after driving; 397 ODSVHV $7:1V , 'Rl & and ARI scores.

There were significant positive correlations between Faiiguing the diagram was for
traindriveUV DQG DOO +6(fV )DWLJXH 5LVN ,WKH [ID)WLJKBOU

(F1) r(40) = .445p = .004, with an R=.198; the risk index (RI)(40) = .519p = .001,
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with an R = .269; the adjusted fatigue index (AF(#0) = .445p = .004, with an R=.
198; and the adjusted risk index (AR(#0) = .519p = .001, with an R=.269. All other
correlations were not significant between how fatiguivegdiagram was for train drivers
and the other objective measures after driving3@-7 57 V 57V  ODSVHV

and ADD.

7.4.8.2:Bivariate analyses: Low workload day

All subjective single-item measures of the sleep qualitytgquresaire showed significant
positive correlations with each other for the low woakladay, as also seen in the high

workload day (see Table 11).

Subjective single-item measures of the workload questimiadso showed significant
positive correlations with each other, with the exaaptof three relationships; the
association between fatigue levels and how much effort drarers felt had to be put
into their job, the association between workload lesel$ how stressed train drivers felt
after driving, as well as the association between how sttetsain drivers felt after

driving and how fatiguing the diagram was for train drivers.

There was a significant negative correlation betweerioafconsumption before driving
and diagram duration (DDY40) = -.362p = .022, with an R=.131. In addition, there
was also a significant negative correlation betweefeicaf consumption before driving
and $7:1V 1DW LJXH stofes (fFly(4D) = -.447 p = .004, with an R=.20. All

other correlations were not significant between caffeinswmption before driving and
all other subjective as well as objective measures. Meredkhere was a significant
negative correlation between caffeine consumption dftemg and how fatiguing the
diagram was for train driverg40) = -.361,p = .022, with an R= .13. All other

correlations were not significant between caffeine coyion after driving and all other

subjective as well as objective measures.
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There was a negative correlation between how train dnivers feeling before their shift
started and the adjusted fatigue index (AFI) scores afteénglr(40) = -352, p = .026
with an R = .124. All other correlations were not significantvice¢n the self-reported

sleep quality questionnaire and the objective measures

There was a negative correlation between workload lewelsisk index (RI) scores after
driving r(40) = -347, p = .028, with an R= .120. All other correlations were not
significant between workload levels and all the other dimeeneasures after driving; m-

397 57V 57V ODSVHV $7:1V "' $" YHWS), DQG $5, VFI

There were no significant correlations between how stréssadirivers felt after driving
and all the other objective measures after driving3®@7 57V 57V . ODSVHYV

DD, ADD, FI, RI, AFI, and ARI scores.

There was a significant negative correlation between inowh effort train drivers had
to put into their job and m-PVT mean number of lap$é48) = -.358,p = .023, with an
R? = .128. All other correlations were not significant betw&em much effort train
drivers had to put into their job and all the other objeatieasures after driving; m-PVT

57V 57V $7:1Vv ' $'', and ARl)scores.

There was a significant negative correlation between abguing the diagram was for
train drivers and risk index (RI) scores after driviig0) = -.429 p = .006, with an R

=.184. All other correlations were not significant betweaw fatiguing the diagram was
for train drivers and all the other objective measufes driving; m-PVT RTs, 1/RTs,

ODSVHV $7:1Vv ' $" ), %), DQG $5, VFRUHYV

7.4.9:Discussion
The aim of this study was to investigate whether an offtif® mobile app version of the

online 10-min PVT i.e., offline 10-min m-PVT could be used to ddtvels of fatigue

239



in frontline safety critical workersFirstly, intraclass correlation coefficient (ICC)
analysis revealed an excellent degree of reliability ingtudy (see Ko & Li, 2016, for
review) across all 40 mean reaction Times (RTs) whicicates that the offline 10-min
m-PVT was able to generate highly reliable RTs across adldravers. Secondly, these
findings also have a higher level of confidence asighificantp-values comprised of

either a medium or high partial eta-squareg)(effect size.

7.4.9.1:0bjective measures

7.4.9.1.10ffline 10-min m-PVT

This study generated reaction times (RTs) using the offllvenin m-PVT that were
comparable to those found in the literature (Basmhet, 2011; Basner & Dinges, 2011,
Dingeset al, 1987; Dinges & Powell, 1985; Dorriget al, 2007; Evan®t al, 2019;
Khitrov et al, 2014; Lamonckt al, 2005; Lamoncet al, 2008; Lohet al, 2004; Roach
et al, 2006) as well as those found in the previous two chaptettssistudy it was found
that train drivers were 2.96 per cent slower in their Ries afriving when compared to
before driving for the high workload day. This is furthenfeiced by the speed response
(1/RTs) outcome metrics, which also revealed that ttawers were 3 per cent worse in
their 1/RTs after driving when compared to before drivinglierhigh workload day. In
contrast for the low workload day, there were no significant diffexes found in train
drivers RTs and 1/RT#$n other words, findings from this study seem to indichée for
the high workload day, train drivers were significantly nmiategyued after finishing work
when compared to before driving. However, for the low workload tteerewere not
significant differences found hese findings support Nevilk al (1994) who identified
that extended work periods are associated with highgutatievels. Therefore, these
findings reinforce the notion that prolonged working hours displaced shiftwork

results in physiological and mental fatigue (Maditsal., 2004).
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Findings from this study also support previous research vt identified an increase
in fatigue results in impaired alertness (Dormdml, 2000; Evansgt d., 2019; Gillberg

et al, 1994), whereby the timentask effect (Langner & Eickhoff, 2013; Mackworth,
1948; Mackworth, 1968), as measured in mean RTs and mean 1/Rilfecanly
differed after 5 minutes of continuous performance usiagftfiine 10-min m-PVT. As

a result, these findings further support previous work, which sughelée sustained
attention drops with prolonged duration of task (Dinges & P0i@88; Dinges & Powell,
1989; Doraret al, 2001; Evanset d., 2019. These findings further support previous
studies that have also been able to demonstrate hWtR UWHU YHUVLRQ RI WKH
10-min PVT can exhibit the timer-task effect after only finutes on the PVT (Evans,
et d., 2019; Roaclet al, 2006). However, sustained attention in this studgmnot found

to be as lav as 3 minutes as identified by Baseeal (2011) using the PVT brief version
(PVT-B). Nevertheless, the PVB-did differ in their random inter-stimulus intervals
(IS1), which was between 1 and 4 seconds, and thus significiatrter than the standard
and accepted ISI of between 2 and 10 seconds. Analyseshieomuinber of lapses did
not reveal any additional information as all main dBeand interactions were not
significant. This was not too surprising when considering that trivers are rigorously
screened and selected based on various desirable csiglaas higher than average
vigilance and alertness levels. According to the RSSB (20t® rail industry standard
for train driver selection includes the ability to havguack and adequate response to

simple and complex visual and acoustic stimuli.

7.4.9.1.2Fatigue Risk Index (FRI) calculator

Findings from this study also identified that train driviatigue index (FI) scores did not
significantly differ between the high workload day when comg@do the low workload
day, even after adjusting the fatigue index (AFI) for thdisicretions in the recorded

VFRUHV ZLWKLQ $UULYD 7UDLQ :DQHNSe fiidings &d&sdHan3 O D Q
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unexpected surprise, as a significant difference initkeD OWK DQG 6DIHW)\ ([HF X
Fatigue Risk lGH[ )5, FDOFXODWRUfV ELRPDWHKFRHFWLIH® ORI
both the high workload day and low workload day. These findinghdr support

findings from Chapter 3 thadentified that the current objective measure of fatigsed

at Arriva Trains Wales (ATW) may not be an effective amcurate predictor of train

G ULYHU YV HaowaverRadstatstical difference was found in train deweccorded

risk index (RI) scores between the high workload day whempared to the low
workload day as well as a statistical difference inatipisted risk index (ARI) scores
between the high workload day when compared to the low workloadrtiage findings

seem to indicate that perhaps the generated RI scorbs leig better predictor of train

G U L Yatdug ¥vels than the actual generdtédcores itself.

7.4.9.1.3Diagram duration (DD) and adjusted diagram duration (ADD)

Analyses of the diagram duration (DD) as well as the adjudigggram duration (ADD)
revealed that train drivers seemed to have selectedyetdegh workload and perceived
low workload based on the actual DD for the high workload, (@ hours 0 minutes) was
significantly longer in duration when compared to the lowkload (i.e., 7 hours 47
minutes). This was also true after ADD, which also reveaktthie high workload (i.e.,
8 hours 44 minutes) was significantly longer in duration whanpeoed to the low
workload (i.e., 6 hours 57 minutes). These findings seem tocatedthat train drivers
were identifying and selecting diagrams that were significamiblger in duration for the
high workload day when compared to the low workload dayen post adjustment for
those train drivers being relieved early of duty e.g., s8R, standby (SB), team
briefing (TB), etc. at the discretion of the resour@agement team. These findings are
consistent with Fan and Smith (2017a) who have identifiatahArriva Train Wales
(ATW), high workload levels resulted in higher self-repdrevels of fatigue, as well as

workload being a contributing factor towards fatigue (Fan &tBn2019). As a result,
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thorough examination and evaluation of the various high wadkidiagrams and its
Impact on train drivers fatigue levels need to be careMfylored in order to reduce
workload, which has been extensively linked to increased fatyeadés|(Dorrian, Baulk,
& Dawson, 2011; Gosdt al, 2014; Honret al, 2016; Kathneet al, 2014; Volkeret al,
2016), since increased workload levels have been shown toigaifEant implicatiors

on safety incidents (Edwortlat al., 2018; Thomast al., 2019).

7.4.9.2:Subjective single-item measures

7.4.9.2.1Before driving single-item measures

In the present study it was found that when comparing thauers responses before
driving betweenthe higZ RUNORDG GD\ DQG W Khtw@lerzd@yrwfiéeD R D G
now?Y Z & only single-item measure that was found to be significaigher for the
high workload day when compared to the low workload day. All offiegle-item
measures before drivinge., pow was the quality of your sleep last nigfithqw was
the quality of your sleep the night before last night? DI@w wgll are you feeling nowP
were found not to be significdptdifferent when comparing train drivers responses for
the high workload day with the low workload day. These figdiare consistent with
Dorrianet al. (2000) and Gillberget al (1994) who have identified that an increase in
fatigue results in impaired alertness. In the present stwdgs also found that all train
G U L Yeéspbyses before driving showed positive correlations with ether for both
the high workload day and low workload day, independently. Thedads seem to
indicate that sleep qualitywhether the night prior or the previous night prior to thé shi
were positively associated with both how well train ers/were feeling before driving
and how alert train drivers were feeling before drivinge3e results support Kelley,
Feltman and Curr§f §2018) findings who have identified that insufficient rest] poor
sleep quality are factors that contribute towards fatiguepanfibrmance degradation.

This is further supported by Tononi and Cirelli (2006) who arguecctignitive impaired
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performances are the most rapidly occurring consequenctheofeffect of sleep
deprivation.Thereforejn order for train drivers to be able to better mitigateilieffects
of fatigue, sufficient sleefs a vital component that must be secureelspecially from

shift workers (Gorlovat al., 2019).

7.4.9.2.2After driving single-item measures

In the present study it was found that when comparing trawerdvifesponses after
driving between the high workload day and the low workload dayast found that all
train G U L Yd3$podNsEs after driving for the high workload day wegeitantly higher
when compared to the low workload day. In other words, in thdyst was found that
train drivers reportedeeling more fatigued, had higher workload, felt more stresset, h
to put more effort into their job, and found their diagrameaoriore fatiguing for the high
workload day when compared to responses for the low workloadrtiage findings are
consistent with those found in the literature, which hakewn that shift length
significantly increases fatigue levels, workload levelsssttevels, and amount of effort
required to be put into the job (Dorrian, Baulk, & Dawson, 2@udg, Wang, & Ning,
2017; MacDonald & Bendak, 2000; Pattersbal, 2012; Pattersoet al, 2019; Tucker,
Smith, Macdonald, & Folkard, 1998). This is further suppokgdhe diagram duration
(DD) and adjusted diagram duration (ADD) analyses, which ffikeshtinat one of the
major differences between the high workload day andaenlorkload day was found
to be shift length (i.e., diagram duratiogjpecially since the diagram duration of both
the DD and ADD for the high workload day were on average 13.5qm# (i.e., 1 hour
13 minutes) and 20.4 per cent (i.e., 1 hour 47 minutes) respgctiveger than the low
workload day. Therefore, it was not too surprising that findings this study seeed
to indicate that the diagrams that train drivers setetct@eflect their high workload day
were found to be significantly more fatiguing when comparethéo diagrams train

drivers selected to reflect thdow workload day.
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An examination of trainG U L Yrékpovises after driving from the high workload day
revealed that fatigue levels were positively associaittd workload, stress, how much
effort train drivers had to put into their job, and how fatiguhe diagram was for train
drivers. ConverselyW U D L Q @dpdn¥ds @fief] driving from the low workload day
revealed that fatigue levels were also positively asstiafith; workload, stress, and
how fatiguing the diagram was for train drivers, but not Watv much effort train drivers
had to put into their job. These findings are consistatht other studies that have found
relationships between; fatigue and workload (e.g., Baulid., 2007; Grech, Neal, Yeo,
Humphreys, & Smith, 2009; Get al, 2015; Kathneet al, 2014; Motamedzadet al.,
2017; Remmen, Herttua, Riss-Jepsen, & Berg-Beckhoff, 2017)adigaid and stress
(e.g., Doeret al, 2015; Fan & Smith, 2017a; MacDonald, 20@3pwever, only for the
high workload day were fatigue levels found to have a pes#ssociation with how
much effort train drivers had to put into their joks a resultonly responses from the
high workload day seesdl to support other studies from the literature that hauado
relationships between fatigue and effort (Dragone, 2009; Fugudh 2010; lodiceet

al., 2017).

In addition, it was also found that workload levels wersitpeely associated with how
much effort train drivers had to put into their job for bdté high workload day as well
as for the low workload day. ®hfinding supports several studies that have also found
associations between workload and effort (see Hznal, 2016; Mooreet al, 2015;
Shawet al, 2018, for reviews). There was also a positive associditetween train
drivers reported workload levels and how fatiguing the diagras for them for both the
high workload day as well as for the low workload day. THewkngs were not too
surprising as it has been extensively identified in tieediure that workload increases
fatigue levels as well as that workload is associated with fatigueldeFor example,

Baulk et al (2007) examined the relationship between workload and fasigddound
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that fatigue increased with higher workload. This is furthgported by Kathnest al
(2014) who have identified that high workload levels increasguia levels. Conversely,
Motamedzadest al. (2017) found that mental workload and fatigue are associatked
each other. Therefor&uiet al (2015) state that after continuous and prolonged mental
workload, self-reported levels of fatigue increaddswever, Greclet al (2009) found
that the relationship between workload and fatigue changgsonsecutive days, which
were not explored in the present study due to the potent@dcimof prolonged
participation on operational safety as well as the palcind logistical accessfrontline

safety critical train drivers beyond the already 80 msgtEmmitment

There was also a positive association between sireshow fatiguing the diagram was
for train drivers (i.e., job demand) but only for the higbrkload day This result is
consistent with Leung, Bowen, Liang and Famakin (2015) whaddhat job demand
predicts stress level3his finding is further supported by the fact that there was no
association between stress levels and job demanthddotv workload day. However
research carried out by Wong, Lin, Liu and Wan (2014) intliren safety critical
firefighters found that stress levelsas fully mediated by work/leisure conflict and
work/family conflict. However, Affrunti, Mehta, Rusch and Eex (2018) state that
socio-economic opportunities and health opportunities infleehe association between
stress and job demands. Therefore, it seems thadpsethere are additional factors that
could explain this association. However, these werexpbeed in the present study due

to accessibility and time constrairdéfrontline safety critical operational train drivers

A positive association was only found between stresldeand how much effort train
drivers had to put into their job for the low workload day it the high workload day

despite the fact that both stress levels and how mdaett &fin drivers had to put into
their job were found to be significantly higher on the higirkload day when compared

to the low workload day. This result is not constant watvesal other studies who have
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examined the relationship between workload and stress and fairselfireported stress
levels during high workload were significantly higher thaf-seported stress levels
during low workload (Prytz & Scerbo, 2015; Searle, Bright, &Bwer, 2001; van der
Meij, Gubbels, Schaveling, Almela, & van Vugt, 201Bp<oe (1978) identified that
workload-related factors significantly increased stresgel§. Conversely, van den
Homberghet al (2009) argued that job stress due to workload significanthaiie
performance. However, perhaps since some train drivegstesttbpare or standby for
their low workload day+the premise of simply sitting down in the break room waiting
to be assigned a diagram or partial diagram that mayagrnot happen could result in
elevated anticipation levels, which could increase stim&ds. Neubauer, Smyth and
Sliwinski (2018) outlined that the anticipation of a stoesn itself is comparable with
the actual experience of the stressor. In contraginfasn and Hayes (2005) argue that
anticipating a stressor can provide an individual wittithe required to be able to apply

decision-making and problem-solving techniques as an effemijyiag strategy.

There was also a positive association between how it train drivers had to put
into their job and how fatiguing the diagram was for tdxiners for both high workload
day and low workload day hese findings were in line with the notion that fatigueunsc
when effort is exerted beyond worl&timited amount of renewable resources (Dragone
2009). However, Tucker (2003) argues that fatigue can be redotherigh effective

periods of rest-breaks to off-set the negative effefcshift durations

7.4.9.3:Relationships between before driving and after driving single-item measures

When examining the relationships between before drivingafteddriving, it was found
WKDW WUDLQ GULYHUVY TXDOLWQJRW KKIHHY KILKWM DDV
associated with fatigue levels after driving for both kigh workload day and low

workload day. These findings support RSSB (2003) who have igehtifat when hours
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Rl VOHHS DUH PLVVHG E\ WUDLQ @GVQOWHE VG MERH] ZHID®
increase, which results in both a decrease in alertnespafarmance (McGuffog,
Spencer, Stone, & Turner, 2005; McGuffog, Spencer, Turnetp&e$ 2004; Turner &
Stone, 2004). There were also positive associations foumede the quality of sleep
the previous night prior to train drivers stating their shitt aorkload levels as well as
how much effort train drivers had to put into their job, iy dor the high workload day
and not the low workload day. These findings further suppernotion that sleep debt
does not just impair alertness and performance but mayimfsact train drivers self-
reported workload levels as well as the amount of effest Have to be put into their job.
Therefore, Zee and Goldstein (2010) recommend that good skees, as well as the
application of circadian principles for shift workersultb be applied to significantly

improve sleep quality, alertness, performance, and safety.

There was a negative association between how well traiardrielt before driving and
how stressed train drivers felt after driving for both thghhivorkload day and low
workload day. These findings seem to indicate that theehighin G U L Yildhas$
levels were before driving, the less stressed trairedifelt after driving, regardless of
their diagram intensity. Jobin, Wrosch and Scheier (2064a4¢ highlighted that optimism
can buffer the association between perceived strgsssland raised levels of diurnal
cortisol when individuals have higher-than-normal stregsl$é. Conversely, Cabras and
Mondo (2018) argue that optimism and coping strategies $yranfluence life
satisfaction However, Cushway and Tyler (1994) have identified that thfaenost

likely to alleviate stress were better support from colleagunel management.

In addition, there was also a negative associatiothéohigh workload day between how
alert train drivers felt before driving and how stressead ttavers felt after driving. This
finding seems to indicate that the more alert trainedsivfelt before driving on a high

workload day, the less stressed they felt after driving. fihding is consistent with
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Leproult, Copinschi, Buxton and VanCauter (1997) who had fohetdsleep loss results

in elevated cortisol levels.

There was alsa negative association for the low workload day between holitnaen
drivers felt before driving and how fatigued they felt aftaving. This finding seems to
LQGLFDWH WKDW WKH KLJKHUZWU B LEH GRLItHaUMY ZOID @
workload day, the less fatigued they felt after driving.atidition, there was also a
negative association for the low workload day between $to@ssed train drivers felt
before driving and how fatigued they felt after drivikghdings from this study also seem
to indicate that the more alert train drivers felt befdriving, the less fatigued they felt
after driving. These findings further support the need far thavers to be able to develop
effective coping strategiesian et al. (2016) state that establishing effective coping
strategies can significantly reduce the impact of shifkwés a result, shift workers
utilise various countermeasures as well as behavioural copatgges to be able to

maintain both safety and performance in the workpla@istedt & Landstfim, 1998)

7.4.9.4:Caffeine consumption

In this study it was found that train drivers consumediBaantly more caffeine by the
end of the high workload day when compared to the end of whevdokload day. These
findings support the view that caffeine consumption is commaoslsd to improve
alertness during the working day (Akerstedt & Fjct@97; Smith, 2005)as well as
caffeine consumption being found to improve reaction tinkg@sother & Giesbrecht,
2013; Nehlig, 2010, Smith, 2002). Therefore, Smith (2005) outline thfeie
consumption did not just increase alertness levels batals associated with fewer
cognitive failures and accidents at work. As a resultag heen argued that caffeine
consumption may be a positive shiftwork countermeasuresfvéalal, 1995) as it has

been foundo improve performance as well as positive moods (Sutheedabhristophey
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2005). Therefore, caffeine may be an effective copindegiyafor sustaining attention,
alertness and positive mood when performance and alerieesls are depilating or
significantly low (Brice & Smith, 2001). However, it is impant to once agaireiterate
that there was a significant difference in the averhggram duration (DD) and adjusted
diagram duration (ADD) between the high workload day and dheworkload days
Therefore, it is probable that the increase in cafeionsumption seen may be due to the
significantly longer DD and ADD rather than train drivesisnply consuming more

caffeine as a coping strategy to retain alertness léwetafety.

For the high workload day, there was a positive assonidund between accumulated
caffeine consumption after driving and workload levelssTinding seemdo indicate

that as the half-life effect of caffeine diminishes,rtrdiiversftrue fatigue level emerges.
Various studies have report elimination half-lives of cate(Grant, Magruder, &
Friedman, 2018) ranging from 3 hout$0 hours (Parsons & Neims, 1978; Rizzo, Stamps,
& Fehr, 1988; Robertson, Wade, Workman, Woosley, & Odt@81). Therefore, since
train drivers were found to consume significantly moréewaé during the high workload
day when compared to the low workload day as well as a poags@ciation between
accumulated caffeine consumption after driving and percewekload levels, it seems
that perhaps there may berade-off between the desired optimal alertness level and
caffeine consumption threshold needed but without compromé&snguch as possible
the impact of caffeine on sleep qualit¥icLellan et al (2016) highlighted that under
normal dayto-day circumstances, there is evidence to suggest thatneaffensumption

is modulated until a self-perceived optimal peak level afusal and cognitive
performance is achieved (Harvankt al, 2015). In contrast, there was a negative
correlation between caffeine consumption after drivingherlaw workload day and how

fatiguing the diagram was for train drivefgiis finding is consistent with Snel and Lorist
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(2011) who pointed out that caffeine enhances various asplectental and cognitive

function.

7.4.9.5:Relationships between objective and subjective single-item measures

Further analysis revealed a positive association fohigleworkload day between train

drivers subjective single-item measure of how fatigued thlewafter driving and the RI
VFRUHV IURP WKH +6 (fnvaddiipnFtbe@eF¥a® B YoBitlve association
between train driver§workload levelsDIWHU GULYLQJ DQG WKH 5, VFR
FRI calculator. This finding further supports the notion thabges the RI scores of the
+6(TV )5, FDOFXODWRU PD\ EH D W K bW Mtdres idelc InFW R U
addition, there were also positive associationgHerhigh workload day between how
fatiguing the diagram was for train drivers after drivingldd OO +6(fV )5, FDOF.
generated scores i.e., FI, RI, as well as the adjsstexd i.e., AFI, and ARI scores

These findings seem to indicate that the more fatiguiegdthgram was reported to be

after driving, the higher the generated scores withitK H +6 (V )5, FD@sSuKODWR
further supports the notion that train drivers selectegtdras for the high workload days
predominantly based on the diagram duratieg HUHIRUH VLQFH WKH +6(fV
marginally increases with cumulative shift duration, éhdmdings were not too

surprising.

There was also a negative association between howifagitjue diagram was for train
drivers after driving and their reaction times (RTsyexorded by the offline 10-min m-
PVT but only for the high workload day as there were no &smts found for the low
workload day. This finding seems to indicate that the matiguing the diagram was
reported to be after driving for the high workload day, the emtle difference in their
RTs after driving (i.e., difference in RTs between 1-mmd 40-min), which suggests

potentially slowe reactions. Moreover, there was also a positive gssoe for the high
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workload day between how fatiguing the diagram was for travedriafter driving and
their speed responses (1/RTs) also recorded by the offlin@rl@-PVT, but also only
for the high workload day as there were no associataumsdffor the low workload day
This finding seems to indicate that the more fatiguinglthgram was reported to be after
driving, the greater the1l/RTs after driving (i.e., difference in RTs betweemib-and
10-min), which suggests potentially higher 1/RTs. These finding<@nsistent with
other studies that have found moderate to strong correldt@wnwgen subjective alertness
and performance (e.g. Dorria al., 2000; Dorriaret al, 2003; Gillberg, Kecklund, &
Akerstedt, 1994). However, Leproudt al. (2003) found that sleep deprivation has
independent brain mechanisms that control both subjeatideobjective alertness. In
addition, research carried out by Zheual (2012) found that subjective feelings of
alertness do not accurately reflect performance on tasksrirg sustained attention.
Therefore, caution should be taken to ensure that traierdrself-reported measures and
the offline 10min m-PVT are not used in isolation. For example, it is ipdesshat train
drivers, knowing they would potentially have a low workload deguld perhaps go to
bed a little later than usual. In contrast, it is aleesible that train drivers knowing they
would have a high workload day would ensure they have suffieied adequate rest in
preparation for their high workload day. In other wordseérss that train drivers are

WDNLQJ WKH QHFHVVDU\ VWHMWR HQVXUH WKH\ DUH

In the present study there was no association found betinee fatigued train drivers
felt after driving and all offline 10-min m-PVT outcome niedr These results were
consistent with Limet al (2010), who found no significant associations between self-
reported mental fatigue changes and objective performancénaleusing the
psychomotor vigilance task (PVT). Moreover, these weresiadar to those found by
Leproultet al (2003) and van Dongen, Maislin, Mullington and Dinges (2003), vdm al

found no significant association between subjective &jekcive measures of alertness
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in a group of sleep-deprived participants. Therefore,irfggl from this study further
supports Limet al 1V ) argument that participants may not be fully or consciously
aware of the degree of their objective impairment after r@ogbeof high cognitive
workload. These findings are consistent with those founéidoyn et al (2016) who
identified that in frontline safety critical air pilgtan increase in multi-segment duty with
multiple take-offs and landings (i.e., high workloadjngiicantly increased fatigue levels
when compared to a duty day of equal duration but with onlyggesiake-off and landing

(i.e., low workload). It is important to state that thisdst was not without limitations.

7.4.9.6:Limitations

Since train drivers were instructed to select both aWwigtkload day and a low workload
day, which did not have to be on consecutive days treecaming weeks/months based
on their upcoming scheduled diagrams as well as individual biliylaand practicality,
cumulative fatige was a major limitation that could have potentially impdcthe
findings of the present study. According to several rebeas, cumulative fatigue (see
Anderson, Grunstein, & Rajaratnam, 2013; Carskadon & Den®8tl; Dingeset al,
1997; Folkard & Lombardi, 2006; Landrigahal, 2014; Rajaratham & Jones, 2004, for
reviews) has been demonstrated to impair performancellesvirecrease safety incidents
(e.g., Chang & Ju, 2008; Greehal, 2009; Spencegt al, 2006). As a result, there was
a clear need to determine whether there were any difiesendhe number of days train
drivers worked prior to taking part in both the high workload atay low workload day.
In this study it was found that there were no significant diffees in the number of days
train drivers worked prior to taking part in both the highkimad day and low workload

day.

Another limitation of the present study is that evemugtothe offline 10-min m-PVT was

developed into an iOS app that could be downloaded and installed lyaangriver
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with an Apple iPhonetthe researcher decided to provide train drivers aittpple
IPhone which were all factory reset manually to ensure that bottiwere (i.e., Apple
iIPhone 6s Plus) and software (i.e., iOS version 10.3.2)gioations were as identical
as possible to one another. This was due to the facgpri#nabus research has identified
that differentmobile devices generate different behavioural observedioedaanes (see
Evanset al, 2019, for review). However, by simply using an Apple iPhonklgs, the
researcher inveterately introduced a controlled laboraiovironment constraint, which
IS not realistic or representative of the cohortasinot all train drivers have Apple iPhone

mobile devices.

Another limitationof the present study was that single-item measures wereausssbtd
train drivers self-reported sleep quality and worklogigher, Matthews and Gibbons
(2016) argue that thereabeen concerns over the use of single-item measuasségs
psychological constructs. These concerns have highlightgdingle-item measures do
not have content validity due to the fact that sinigles have criterion deficiency as well
as viewed as unreliable since internal consistency dstsnaf reliability cannot be
calculated (Fisheet al, 2016; Nagy, 2002; Schrieshegnhal, 1991). However, recent
research has demonstrated extensive evidence that-ge@mgleneasures are able to
provide reliable and valid measures of well-being relatedtaosts (Williams & Smith,
2018). In addition, Fisheat al (2016) have counterargued that even though multiple item
scales are more likely to have superior psychometric piieperthere are several
compelling justifications for why researchers might consither use of single-item
measures (e.g., minimising respondent burden, reducing crit@emtamination,
increasing face validity). There is also extensive eviden the literature to support the
notion that single-item measures have been succesaflmiynistered to investigate; sleep
quality (Hughes, Ulmer, Gierisch, & Howard, 2018; Snyder, Cailde, Morrison, &

Ball, 2018), fatigue (Kim & Abraham, 2017; van Hooff, Geurts, Kanps Taris, 2007),
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mental workload (Monfort, Graybeal, Harwood, McKnight, & Shaw, 20KBjess
(Littman, White, Satia, Bowen, & Kristal, 2006), qualitiliee (de Boer et al., 2004), as

well as health (Bowling, 2005).

7.5: Chapter summary

The aim of this chapter was to investigate whether dmefflOS mobile app version of
the online 10-min PVT i.e., offline 10-min m-PVT could be used tiealdevels of
fatigue in frontline safety critical workers. A total of #4@in drivers (35 male and 5
female) mean age 43 years (SD = 7.4), which representedr@dnpef all drivers across
the franchise were voluniby recruited to take part in this study. The study involved train
drivers attending four sessions, each lasting approximatetgi20tes; a before driving
session (i.e., before booking-on) and an after drivisgisa (i.e., after booking-off) on
two different days; one day that train drivers perceivebet@ high workload day and
another day that train drivers perceived to be a low world@gg in exchange for £20.
In this study it was found that train drivers were significanttyre fatigued as indicated
by slower reaction times (RTs) and higher speed resp¢h$€E) on the offline 10-min
m-PVT temporal attention task after driving when comp#wdzkfore driving on the high
workload day. In contrast, train drivers were not signifityamtore fatigued after driving
when compared to before driving on the low workload day. Howéveras also found
that train drivers were more fatigued before driving on the \orkload day when
compared to the high workload day. The study also found a samifinain effect of
time on task. Post-hoc tests showed that participanssaRd@ 1/RTs were significantly
slower and greater, respectively, after only 5 minutehhemt-PVT temporal attention
task. These findings seem to further validate that an offd@emobile app version of the
HMIJROG VWD BT ddslf be used to detect sensitivity levels ofjtatieven after
less than 5 minutes on the task for frontline safeticatitrain drivers as well as for other

applied safety critical workers such as hospital staffljergency services, law
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enforcement, etc. However, there was no associatiord foatween how fatigued train
drivers felt after driving and all offline 10-min m-PVT outcometrics. Furthermore,
despite there being a significant differenoehe diagram duration (DD) and adjusted
diagram duration (ADD) for the high workload day when comptodte low workload
day, only the risk index (RI) scores and not the fatiguexr{€fl) scores were found to be
significanty higher for the high workload day when compared to the low wadkiay.
These results were also consistent even after adjukimindiscretions i.e., adjusted
fatigue index (AFI) and adjusted risk index (ARI) in the getegtacores from the Health
DQG 6DIHW\ ([HE)®Widgue Ri$K/Inde6 (FRI) calculator within Arriva Train
:DOHVY $7: &UHZ3O0DOkesy kidiHgS Xe@rh @ Jndicate that perhaps RI
VFRUHYV PLJKW EH D EHWWHU W8 UHGL FONHREHFRIcOWH D DQ
Correlations were also found which further support thisomptsince for the high
workload day there was a positive association betweendravers fatigue levels after
driving and the RI scoresURP WKH +6(fV )aswebDas & poSitiy&\aBsticiation
between traindrivev ZRUNORDG OHYHOV DIWHU GULYN@J)DQG V
calculator. In this study it was found that train drivemisumed significantly more
caffeine by the end of the high workload day when comparetietcend of the low
workload day. However, these findings could be due to thethfactdr the high workload
day the average DD and ADD were on average significantijelob3.5 per cent and 20.4
per centrespectivelywhen compared to the low workload dayerefore, it is probable
that the increase in caffeine consumption seen may b diie shift duration rather than
train drivers potentially consuming more caffeine as a coglirajegy to retain alertness
levels for the purpose of operational safety. Furtbsearch is now needed to investigate
whether a shorter offline iOS mobile app version (i.e., B-miPVT) could still be
sensitive enough at detecting levels of fatigue in froatfiafety critical settings in train

drivers and beyond, e.g., hospital staff, emergencycasyviaw enforcement, etc.
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Chapter 8: General Discussion
8.1: Overview of chapter

Chapter 8 presents an integrated discussion of the cbsdascribed in this thesis.
Foremost, the chapter provides an overview of the reseaddrtaken. This is followed
by a summary of the main empirical findings and in-chbervations in relation to the
objectives set out in the overarching thesis. This digmussill then lead to the main
research limitations, followed by practical recommendatésnsell as recommendations
for future research. Finally, this thesis will present net@ndations going forward for

Transport for Wales Rail Services.

8.2: Overview of research

The overarching aim of the thesis was to develop and valataobjective indicator of
fatigue for frontline safety critical workers. This tlsasas carried out in partnership with
the railway franchise Arriva Trains Wales (ATW). Thationale for developing an
alternative objective indicator of fatigue for frand safety critical workers was due to
the fact that current biomathematical model (BMM)atigue usedt ATW may not be

an effective or accurate predictor of train drivifegigue levels.

In the first objective, analyses of all 578 accessiafetyg incidents in which fatigue could

have been a contributing factor j.8ignal Passed at Danger (SPAD), Train Protection &
Warning System (TPWS) activation, Automatic Warning Syst&wWS) slow to cancel,

failed to call, and station overrutonly identified 0.2 per cent and 2.1 per cent of fatigue

index ) scores and risk indeR) VFRUHYVY UHVSHFWLYHO\ WKDW HJI

Risk Management System (FRMS) BMM recommended thresholds.

In the second objective, in-cab observations frorhiwithe cab environment identified
that; cab noise exposure (whether internal or extgroab temperature, partial unit

improvements, and cab working conditions were major isshas could further
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contribute towards safety incidents when fatigued. As atrefsuther research was
needed to determine whether an alternative objective ataticof fatigue could be

developed and validated to support the FRMS at ATW.

In a controlled laboratory setting, the Psychomotor ¥Yigie Task (PVT) has become the
ZLGHO\ DFFHSWHG pJROG VWDQGDUGMVOWR R GG HSW IDWDAK
fatigue on human cognitive neurobehavioral performance fonitoring temporal
dynamic changes in attention. Several empirical ssudire carried out to replicate and
validate an alternative online mobile version of the 10T (see Evanset al, 2019

for review) i.e, online 10-min m-PVT (third objective), a shorter versian,ionline 5-

min m-PVT (forth objective) as well as developing an offliid& mobile app version i.e.,

offine 10-min m-PVT (fifth objective) for frontline safetcritical workers. Firstly,
intraclass correlation coefficient (ICC) analysésalb three alternative mobile versions

ofthe uWJROG VW Infp BDTUEvdRled excellent degree of reliability (seeKbi,

2016, for review) .960 (online 10-min m-PVT), .970 (onlinensr m-PVT), and .990

(offline 10-min m-PVT), which seems to indicate that a nebersion Rl WKH pJRO

VW D Q GDibBAT has test-retest and intrarater reliability arlalirg.

Findings from these studies identified that the online 19-miPVT was sufficiently
sensitive at detecting levels of fatigue between thenimgrand afternoon (i.e., timef-
day effect) as well as sensitive enough at detecting lefésigue after 4 minutes on the
task, while the shorter version i.e., online 5-min m-PVE aigo sufficiently sensitive at
detecting levels of fatigue in simulated workload (i.eghfsimulated workload and low
simulated workload). However, an interaction between simdabrkload and timen-
task revealed that caution needs to be taken when admingstéeshorter version of the
HJROG VDN BDIuE, hnline 5-min m-PVT as only the low sinbeitbworkload
condition found a significant timen-task effect while no significant differences were

found for the high simulated workload condition. The o#&lil0-min m-PVT was
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administered using frontline safety critical train drevand it was found that the offline
10-min m-PVT was sensitive enough at detecting levels of faiiguegh workload
diagrams. Further research is now needed to investigatdevhetshorter offline i0S
mobile app version i.e., offline 5-min m-PVT could stillsnsitive enough at detecting
levels of fatigue in high workload diagrams for frontlsegety critical workers such as

train drivers, hospital staff, emergency services,dafrcers, etc.

8.3: Summary of the main research findings

8.3.1:Objective 1

The aim of the first objective was to investigates tfecéfeness of the Health and Safety
([HFXW LY H Fatigue 6isk Index (FRI) calculator used at Arriva Trainalé§
(ATW) as part of their Fatigue Risk Management SysteRM8) for monitoring and
managing safety incidents in which fatigue could have leewmntributing factor. This

objective set out to answer two fundamental questions:

1. The aim of the first study was to investigate whetheptbksent biomathematical
model (BMM) for assessing trai ULYHUV § OH YAfrWa RraindDWeéleg XH DV
(ATW) i.e., the +HDOWK DQG 6DIHW)\ RdtigureXRigk Mdef FRI) 6 (
calculator related to the number of safety incidentshich fatigue could have

been a contributing factor.

2. The aim of the second study was to investigate whe#seriating train drivers
from working on their assigned rest days based on a Hgtuvaturring
intervention reduced the number of safety incidentshiclvfatigue could have

been a contributing factor.
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8.3.1.1:Study 1

The aim of the first study was to investigate whethericéisig train drivers from working

on their assigned rest days reduced the number of sadédgmts in which fatigue could

have been a contributing factor. In this study it was dotiat the current Health and
6DIHW\ ([HEXW)DOYWIYXH6SLVN ,QGH[ )5, FDOFRXODWRV T
level of fatigue usedt Arriva Trains Wales (ATW) may not be an effectiveagcurate
predictor of train driver§fatigue or risk levels, since analyses of all 578 acolessafety
incidents in which fatigue could have been a contributingpfamtly identified 0.2 per

cent and 2.1 per cent of FI scores and RI scores resglgcttW KDW H[FHHGHG $
Fatigue Risk Management System (FRMS) recommended tluesifd-I score = 45 and

RI score = 1.6 (ATW, 2017a). Therefore, further analysés weeded to investigate
whether restricting train drivers from working on theisigeed rest days based on a
naturaly occurring intervention reduced the number of safetyg@nds in which fatigue

could have been a contributing factor.

8.3.1.2:Study 2

The aim of the second study was to investigate whethtictegy train drivers from
working on their assigned rest days based on a ngtaredurring intervention reduced
the number of safety incidents in which fatigue could Haeen a contributing factor. In
this study, the observed frequency of safety incidents duriagnatturally occurring
intervention time period was compared across the sares iigprevious years to be able
to determine whether restricting train drivers from workihgir assigned rest days
significantly reduced the number of safety incidents in wifatigue could have been
contributing factor. In this study it was found that therere no statistical differences in
safety incident frequencies throughout the six time geriblowever, there was a 47 per
cent statistically significant decrease in the observedquency of safety incidents

between the time period of the natlyabccurring intervention (i.e., 2016) and the
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preceding year (i.e., 2015). These findings seem todtwithat perhaps other external
influencers such as individual and environmental factorsatsybe contributors, which
have not been incorporated into the biomathematicdkemaithin the Health and Safety
Executive (HSE) Fatigue Risk Index (FRI) calculator. As altethere is a clear need
for better understanding some of the environmental fa¢t@t could contribute towards

safety incidents in frontline safety critical workers

8.3.2:Objective 2

The aim of the second objective was to identify somehefexternal environmental
factors that could contribute towards safety incidents wésgguied Through the process
of ethnographic research, the observer was able to campl@0 hours of consecutive
in-cab observations, which allowed the observer to identify ¢hh noise exposure
(whether internal or external), cab temperature, pautist improvements, and cab
working conditions were major observed concerns that caultribute towards safety
incidents when fatigued. Therefore, there was a need toatalidnd develop an
alternative objective indicators of fatigue to better supppee FRMS at TTWRS as the
previous objectivénas identified that the current HSBVRI calculator used at ATW may
not be an effective predictor of train drivéf fatigue, as well as cab observations
highlighting that there are several external environmdatabrs that KH FXUUHQW +6
FRI calculator does not address or acknowledge that couklilmge towards safety

incidents when fatigued

8.3.3:Objective 3

The aim of the third objective was to investigate whetrealternative online mobile
YHUVLRQ RI WKHI1@hkR O\G \WdDIREID-thiB !h-PVT could be used to
provide an objective indicator of fatigue for frontline $gferitical workers. In this study

it was found that there was a significant differenceathlveaction time (RT) and speed
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response (i.e., reciprocal of reaction time) (1/RT)veein the morning and afternoon.
Post-hoc tests showed that participants RTs were sigrilfidaster in the morning when
compared to the afternoon, as well as participants 1/Rig bggnificantly slower in the
morning when compared to the afternoon. This study alsedféhat the online 10-min
m-PVT was sufficiently sensitive at detecting levels aifgue after 4 minutes on the
temporal attention task for both RTs and 1/RTs outcomeaseffhese findings do seem
to indicate that the alternative online 10-min m-PVT ddag used to provide an objective
indicator of fatigue for frontline safety critical workesuch as; train drivers, hospital
staff, emergency services, law enforcement, etc. Howavdrpntline safety critical
settings, the 10-min m-PVT may be too deemed to be too lodgration. Newington
and Metcalfe (2014) suggested that in order to improve recmiifmezlucing participant
burden was essential. Therefore, there was a cleartoaedestigaé whether a shorter
mobile version of the online 10-min m-PVT i.e., online 5-miPRiT could be used to

provide an objective indicator of simulated workload fatigue

8.3.4:Objective 4

The aim of the fourth objective was to investigate whedhgrorter mobile version of the

online 10-min m-PVT i.e., online 5-min m-PVT could be used to gewn objective
indicator of simulated workload fatigue. In this study it waand that for the high
VLPXODWHG ZRUNORDG FRQGLW L KQZHI LHCHAtFRghEr Q W V
after completing a series of online cognitive tasks desigm elicit mental workload (i.e.,

high simulated workload) when compared to before completingriessof online
cognitive tasks. In contrast, theraswo significant difference tSDUWLFLSDQWVY Q
lapses before and after watching one episode of The Big Blaeory (i.e., low simulated
workload). However, the interaction between simulatedkivad and time on task
revealed that both the RT and 1/RT outcome metrics wayesggnificant for the low

simulated workload condition after 5 minutes, with nangigant differences found in
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both the RT and 1/RT outcome metrics for the high sitadlavorkload condition.
Therefore, the time on task effect in this study ssto indicate that caution needs to
be taken WKHQ DGPLQLVWHULQJ D VKRUWBY -MKHRWLERQ RI W
online 5-min m-PVT as it may not be sensitive or reliadieugh to detect levels of
fatigue. However, despite studies outlining the availabilitywo online experiments
(Barnhoorret al, 2015; Crumget al, 2013; Reimers & Stewart, 2016) and other studies
demonstrating comparability between lab based and online bapedments (e.g., de
Leeuw & Motz, 2016; Reimers & Stewart, 2007; Schule¢ml, 2013; Simcox & Fiez,
2014), in rare occasions when the Wi-Fi connectivity droppadicipantdftrials were

lost and thus not recorded. As a result, a total of 1.95gmeroé all test trials were never
recorded, which despite representing a large reduction of 83e#9cent Wi-Fi
connectivity drop when compared to the previous study, arestaitively high and could
potentially impact the validity of the m-PVT. Therefotkere is a clear need for the
development of an offline iIOS mobile app version of the 19+mPVT. Further research

is now needed to investigate whether an offline iOS mobile agoweof the online 10-
min m-PVT i.e., offline 10-min m-PVT could also be used to detensitivity levels of

fatigue in frontline safety critical workers.

8.3.5:Objective 5

The aim of the fifth objective was to develop and validatealternative offline iOS

mobile app version of the online 10-min m-PVT i.e., offlinemid- m-PVT to detect

levels of fatigue for frontline safety critical tragmivers In this study it was found that
train drivers were significantly more fatigued as indiddtg slower reaction times (RTS)
and higher speed responses (1/RT) on the offline 10-min mtBMvporal attention task
after driving when compared to before driving on the high wodkétagy. In contrast, train
drivers were not significantly more fatigued after driving wiempared to before

driving on the low workload day. The study also found thaigyeaintsfRTs and 1/RTs
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were significantly slower and greater, respectively, a@teninutes on the task. These
ILQGLQJYV VHHP WR IXUWKHU YDOLBDIVMHWKDRQ DRI RMK
VW D Q GRiBAT could be used to detect sensitivity levels afjieg even after only

5 minutes on the taskurther research is now needed to determine whether aishort
offline iIOS mobile app version i.e., 5-min Mm-PVT could still Bmstive enough at
detecting levels of fatigue in frontline safety critisabrkers such as train drivers and

beyond, e.g., hospital staff, emergency services, lasress, etc.

8.4: Summary of research limitations

There were several limitations throughout each objethise will now be discussed in
great depth. For the first objective, one of the biggestiations wasthe issues associated
with the access to the various ATW systems requiredhierresearcher to be able to
compile the secondary analyses of the large existing ddtereby the various data
system had its own unique challenges. For example, in ortberdble to extract all the
relevant information, the researcher had to firstly mépudentify and download all
safety incidents using the Safety Management Informadigstem (SMIS) in which
fatigue could have been a contributing factor, which were ddiynidentified to be the
following five categories; SPAD, TPWS activation, AWSvelto cancel, failed to call,
and station overrurhll historical safety incident reports were extractedbadack as the
1% June 2010ZKHQ WKH +6(fV )5, FDOFXODWRU &DNVZ3IQW J
scheduling system. A total of 901 safety incident reporthese five categories were
identified and downloaded with the relevant informationaoted and sorted for later
analyses e.g., incident date, incident time, incident gromgident type, region,
responsibility operator, driver, depot, location, event loggéd, The information from
the safety incident reports were then used to identii @adividual train driver as well
astheir present working depot, as CrewPlan is far fromiflexand requires the end-user

to firstly navigate to the correct depot for the train driverquestion, followed by
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identifying the correct train driver e.g., M. S. Evans or Marfs before being able to
generate CrewPlan/s fatigue index (FI) spreadsheet. Fotraactriver, a representative

FI spreadsheet report was downloaded with the relevanimat®n extracted for later
analyses e.g., company, driver name, location, commutirey tiay, on duty, off duty,
diagram turn, shift duration, rest duration, average dutgag shift type, fatigue index,

risk index, mean fatigue, mean risk, etc. Conversedyrstandard reports (e.g., pay
number, home depot, actual turn, actual book-on, actuatbfhokctual total hours, efc.

and personal roster reports (e.g., pay number, depot, waetghkgttotal hours, book-on,
book-off, turn, total, etc.) were also generated and dowebbéor verification purposes.

This whole process had to be carried out for each trainrdvivech was immensely time
demanding. Furthermore, the whole process required signifieagls of concentration

as well as introduction of continuous verification chetthkeughout each step to ensure

no errors were introduced. It is also important to ackedge that despite the whole
process requiring significant dedication, ony SHU FHQW RI WURLQ GUL
VFRUHV FRXOG EH DFFHVVLEOH IURWPWHPYV KRHWHH ZAHDJP \
fundamental factors that resulted in 35.8 per cent of thairers not being accessible.

Poor record keeping was the biggest drawback, for exampleme ststances, train

drivers were referred to simply as D. Jones. There vkleOWLSOH ' -RQHVY D
ATW franchise. Therefore, a process of elimination vasstantly implemented. Firstly,
checking the depot, if this information was not provided, thetking the potential D.

Jones train drivers who worked on the day of the safetgant. In some cases, this was

not enough to eliminate all but one train driver. For exangecking the time of the
VDIHW\ LQFLGHQW DQG YDOLGWUWLHG XL&Y. by AstarisdidH W U
report or personal roster report. There were a fewsomts when these steps were not
sufficient. As a result, the train driver could notiteentified. Furthermore, there were a

ODUJH SURSRUWLRQ RI VDIHW\ YRFWE&EH QWU D HQ RAJWLY HA
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addition, there weH VDIHW\ LQFLGHQW UHSRUWYV W KD WURWRMGH \
WKH WUDLQ MRXUQH\ L Q wavided BoGexampi, kOH 308 th&da@® o DJ LY H
-RQHV RU 'DYLG -RQHYVY ORUHRYHVW UWERUWWVHHWH WD MAL
names were misspelled, which made it difficult and, in scases, almost impossible to
identify without manually searching through each depot indivigudlhere were also

issues with over and under representing safety incidembris within the Safety
Management Information System (SMIS). For exampleretlwere instances when a

safety incident report was recorded twice in SMIS. Moreoseme safety incident

reports omitted the responsible operator. In other wordgeponsible operator entry

box was not populated. Furthermore, in some cases, urai® iclvestigation, safety
incidents reports from different responsible operatorsei@ample National Rail were
wrongly categorised, which meant they were labelled as &N 8dfety incident instead

of National Rail incident. In addition, FI and Rl scooésetired train drivers and train

drivers who had left the company were no longer accessibl

For the second objective, the researcher was fortenategh to be able to carry out ~120
hours cab observationBeyond the invaluable experience, exposure, and understanding
from within the cab environment, one of the major liniitag with ethnographic research
was that the observer could become dubt®wards the direction of the research i.e.,
MR EVHU Y HUeGodMpteF-ANGddtz, 1982). Therefore, despite the rekeahaving
four distinctive train driving instructors; two from Valleys &fdiff local routes and two
from Cardiff mainline routestthe observer was paired with highly experienced and
competent instructors, who had clearly developed effectiigutacoping strategies (e.g.,
ckerstedt & Landstim, 1998; Centofantt al, 2018; Darwentt al, 2015; Jayet al,
2008; Lianet al, 2016; Richardst al, 2018). Therefore, it is important to acknowledge
that these cab observations were alsoebias the sense that they may not be a true

representation of the trai® U L YestalbNsfiment. As a result, further research is needed
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for the researcher to be able sit with randomised wawers with the appropriate
clearance access beyond those who are highly experiemcedompetent i.e., train

driving instructors.

One of the biggest limitations with both the online 10-miPVT (third objective) and
online 5-min m-PVT (forth objective) was that in rare asions when the Wi-Fi
connectivity dropped, participaktfials were never recorded. This accounted for ~8 per
cent of all trials for the 10-min m-PVT and ~2 per cemalbtest trials for the 5-min m-
PVT, which could potentially impact the validity of the m-PVIherefore, since the
overarching aim of the thesis was to develop and validabéjantive indicator of fatigue
for frontline safety critical workers, Wi-Fi connectiyioutside of a controlled laboratory
environment may not always be possible and in some locasingst impossible. As a
result, even though it was identified that the shorter oflingn m-PVT was sensitive
enoughat detecting levels of fatigue in simulated workload, thesdirigs were still
based from a controlled laboratory setting. Consequetitéy offline iOS mobile app
version was vital in order to effectively overcome WeFi connectivity issues of the
online version as well as being realistically more praktiogside a controlled laboratory
environment. It is important to also outline that for both dmline 10-min m-PVT and
online 5-min m-PVT, participants were instructed not to conscetffeine (e.g., coffee,
energy drinks, tea, etc.) and alcohol during the 24 hodiosebthe study, since research
has found that higher levels of caffeine consumption reduih significantly highe
alertness levels over the working day (Smith, 2005), seamfly reduced reaction times
(Einother & Giesbrecht, 2013; Nehlig, 2010; Smith, 2002; Smith, 20@%)roved
performance (Smith, Sutherland, & Christopher, 2005), améhihes the true state of
fatigue (Grant, Magruder, & Friedman, 2018). However, theseicgons could have
significantly impacted the results found. Thereforkingthese factors into consideration,

the researcher felt that since the offline iOS mobile arpian would be administered
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on frontline safety critical train drivers while oneth normal operational diagrams
without restricting caffeine consumptioih was crucial to firstly replicate and validate
the offline 10-min m-PVT as it was developed in a compfetifferent programming
language to both the online 10-min m-PVT and online 5-min m-P\éBe&ch carried
out by Evanset al. (2019) had identified that both hardware and software diffesence
generated slightly different behavioural observed readiines. As a result, it was more
appropriate to administer a 10-minute version rather dhgrorter version i.e., 5-minute
as the 10-minute version has becodéKH ZLGHO\ DFFHSWHG pJROG
assessing the impact of sleep deprivation and fatigue ormhtogaitive neurobehavioral
performance for monitoring temporal changes in attenf#g., Belenkyet al, 2003;
Dingeset al, 1997; Jewett, Dijk, Kronauer & Dinges, 1999; Lamaetdal, 2003).
However, it is important to further acknowledge that the thp# fatigue on human
cognitive neurobehavioral performance can also be inflaebhgeother factors such as
individual differences (Leproulet al, 2003; Patkai, 1971; Parasurangtnal, 2009
RSSB, 2012; van Dongen, 20Q0&s well as the hypothalamic regulation of sleep and
circadian rhythms (Saper, Scammell, & Lu, 2005). There washan limitation that
should be acknowledged with the experimental designeofittst online 10-min m-PVT
study, whereby those findings could also be explained by ipamics eating and/or
drinking before their morning session, since it is higidgly that participants would
have had ample opportunities for breakfast before comingtite study at 11:00 when
compared to the opportunity to get food prior to the aftersession i.e., 17:00. However,
this limitation was addressed for the second study i.egrtlee 5-min m-PVT simulated

workload, as participants were all brought in to start theéysby 07:30 in the morning.

There were also several limitations with the fifth objex Firstly, even though the
offline 10-min m-PVT was developed into an iOS app that coulddyenloaded and

installed by any train driver with an Apple iPhor¢he researcher decided to provide
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train drivers with Apple iPhone 6s Plus mobile devicgkich were all factory reset
manually to ensure that both hardware and software configusatiere as identical as
possible to one another. This was due to the fact that preeisearch had identified that
different mobile devices generate different behaviourakbesl reaction times (see
Evanset al, 2019, for review). However, by simply using an Apple iPhonBlés, the
researcher inveterately introduced a controlled laboratongtraint, which may not be
realistic or representative of the cohort to all haeple iPhone mobile devices.
Therefore, going forward in order to ensure replicabilityjotss mobile models across
various manufacturing brands, including different opegasiygstem versions should be
explored In addition, the fifth objective also recruited a totid0 train drivers. Therefore,
all associations found using the subjective single-item uneasvere based on a very
limited number of train drivers. As a result, the researelvices that caution should be
taken when examining the various associations found betweembijpeetive and

subjective measures.

One other limitation to acknowledge from both the simulateckkvad study and the
workload study with train drivers was that even though workloadipalations were
carried out, no other variety of psychological and pilgglical techniques, which include;
subjective psychological self-reported measures e.g.,NMR8A Task Load Index
(NASA-TLX) (Byrne et al, 2010; Hart & Staveland, 1988; Orlandi & Brooks, 2018;
Shakouri, Ikuma, Aghazadeh, & Nahmens, 2018) and the NASA®B/IMNational
Aeronautics and Space Administration Multi-Attribute Tashtt&y (Comstock &
Arnegard, 1992) as well as objective physiological measugesheart rate (HR) (e.g.,
Shakouri, Ikuma, Aghazadeh, & Nahmens, 2018), galvanic skinnesg&SR) (e.g.,
Widyanti, Hanna., Muslim, & Sutalaksana, 2017), body temperaterg., Vergara,
Moenne-Loccoz, & Maldonado, 2017), electrocardiogram (E(&3)., Heine, Lenis,

Reichensperger, Beran, Doessel, & Deml, 2017), electrokalmegpam (EEG) (e.g.,
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Berkaet al, 2007; Hogervorst, Brouwer, & Van Erp, 2014; Hsu, Wang, Chen, & Ch
2015; Jimenez-Molina, Retamal, & Lira, 2018; Shatnal, 2018; So, Wong, Mak, &
Chan, 2017), and eye tracking (Saito, 1992; Xu, Min, & Hu, 2018), whigch haen

extensively examined in various safety critical environmente warried out. These
alternative workload measures could have providéal more rigorous dataset that i
richer for comparison with both the online 5-min m-P\fil ghe offline 10-min m-PVT

However, these additional measures would require signifiemtturces, whether cost
driven or time constraints, which is not always feasiten operating in frontline safety

critical settings.

There are also limitations that need to be acknowledge win®mes to the population
cohort that were recruited in these three m-PVT stuéiestly, the offline 10-min m-
PVT study with train drivers were on average ~23 years ¢lgar the previous two
studies i.e., the online 10-min m-PVT and online 5-min m-PYAtesthe first two studies
recruited undergraduate psychology students. Despite \&tadd2015) identifying that
reaction time decreases with age, it is important taneuthat train drivers are selected
and recruited on the bases of scoring high on pre-defingithnge, reaction time,
concertation levels, and alertness thresholds. Tdrerewith an average \HDUV
experience since certified as a train driver i.e., hgldi Category B train driving licence
under the Train Driving Licences and Certificates Regulatip010 (TDLCR) £these
recruited professional train drivers are highly compet8etondly, male train drivers
represented 87.5 per cent of the recruited cohort, whileiprévious two studies, male
only represented 12.2 per cent and 28.2 per cent, respectivgiyri¢dlly train drivers
in the UK hare been predominantly male. To put this into perspective, atspaat for
Wales Rail Services (TfWRS), which was previously operatedrriva Trains Wales
(ATW) zfemale train drivers only represent 4.6 percent ofraih drivers (ASLEF,

2019), which is 1.1 per cent below the national average, whicbrtly stands at 6.5 per
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cent in England, Scotland and Wales (ASLEF, 20D®spite the third m-PVT study
recruiting 5 per cent female train drivers, which acclyasdlects the gender inequality
among train divers, the previous two studies i.e., online ibOaPVT and online 5-min

m-PVT had a much larger proportion of female participants

Another limitation of developing and validagjan alternative online and offline mobile
VHUVLRQ RI WKH pJReQ GnliveNl @i RVGE, ondree5-min m-PVT, and
offline 10-min m-PVT was that even though there were meltgdditional outcome
analyses, only the three most frequently reported PVT o@nalyses in the literature
were carried out as identified by Basner and Difg2611) review of 141 journal
manuscripts, which were identifiets mean reaction time (RT), mean speed response
(1/RT), and mean number of lapses. However, there wees BMT outcome metrics
that could have been calculated based on the recorded®& Budeh as; the mean median,
fastest 10%, slowest 10% but to name a few. The relatiobgitvpeen mean RTs and
mean 1/RTs is that mean 1/RTs are the reciprocal of Réaratency and is calculated
XVLQJ WKH IROORZLQJ HTXDWLRQ ~>etal, RDB)QTHR7 @ 1
relationship between mean RTs and mean number of lggptes the mean number of
lapses is the cumulative mean number of RTs exceedingm®)0which has been
demonstrated to be a valid indicator of the level of fatigxisting at the time of the test

that represents lapses in attention (Belegtkgl, 2003; Dinges & Kribbs, 1991).

8.5: Practical recommendations

For the first objective, it was identified that poor netkeeping resulted in 35.8 per cent
of train driverVdafety incidents not being accessible for analysegeidre, it is strongly
recommended that Transport for Wales Rail Services (TfY¢B&k consultation for how
to best monitor, generate and evaluate key performancetadsoof fatigue (see ORR,

2016¢; ORR, 2017b, for reviews) in order to better support the insplkaton ofa
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comprehensive Fatigue Risk Management System (FRMS) aR3$fW addition, since
analyses of all accessible safety incidents in whitigua could have been a contributing

factor only identified 0.2 per cent Fl scores and 2.1 pet B¢ scores that exceeded
$7:1V )506 UHFRPPHQGHG WKUHVKR O &W), MRS Sy D
need to carefully consider and evaluate with the ap@igurgency whether their current
ELRPDWKHPDWLFDO PRGHO %00 W.RK LW KH rét&fgvY b ,.DN
safety incidents in which fatigue could have been a conindpdactor in their frontline

safety critical workersggecially since ORR (2016a) argue that caution on the Fl and RI
thresholds should be taken as these are but one compufrdgie FRMS in assessing
IDWLJXH DV ZHOO DV WKHUH QRZUEWKgGJ+QRI\D JBHHGOY
(Somvanget al, 2016). In addition, it is also recommended that TIWR®& sising train

driver Vyhique payroll number going forward on all safety incidepbrts accessible via

the Safety Management Information System (SMIS)bfetter identification as well as
ensuring anonymity compliance under the General Data Protéutigulation (GDPR).
Moreover, it is also strongly recommended going forwaatl THWRS carefully evaluate

their Safety, Training and Update Day (STUD) programme to betfiect and address

the high TPWS Activation safety incidents betweent@0 years of train driving

experience.

For the second objective, it was fundamentally observadatierge proportion of the
various identified external cab environmental factors neises (whether internal or
external to the cab), temperature, and working conditibatsdould contribute towards
safety incidents when fatigued could be reduced or even elidicatapletely through
effective maintenance or through the introduction of melling stock that have been
redesigned with these issues in mind. As a result, @smmended that TTWRS fully
considers any new rolling stock that may be added to therent rolling stock fleet

incorporates significant soundproofing inside the cab as welh &ffective cab climate
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environment control system that allows train drivers to adphestemperature based on

the WUDLQ GULYHUTV SUHIHUHQFH DRRBORSBEUWD WLR @ D DH(
alertness. MJHRYHU LW LV DOVR UHFRPPHQGH®B WwHDWY 7
identifies for each train journey the most frequentigarded delays e.g., overcrowding

on commuter services (i.e., delays due to passengersraigind boarding), wheelchair
accessibility, anti-social behaviour, on-board incidett, in order to be able to generate
diagrams that realistically and proactively reflect openaas well as produce more
accurate timetables that meets custovh&expectations, including transparency.
Furthermore, it is also recommended that TTWRS corsideestigating the association
between multi-segment operations within the diagram (ue., each unit journey) with

train driversTpbjective and subjective fatigue levels in order to furitherove the current

FRMS.

8.6: Recommendations for future research

Further studies are now needed to investigate whether addliiomponents could be
integrated into to the current Fatigue Risk Management Sy§RMS) at Transport for
Wales Rail Services (TfWRS). For example, the abitit\generate individual diagram
scores based on a pre-defined criterion e.g., duratioragfain, driving duration until
first official break, driving duration until second officibreak, unofficial break e.g.,
waiting period when changing ends, number of head sectiansyer of stops per head
section, total number of diagram stops, number of sighalsveen stops, speed
restrictions per signal section, track condition @mal section, etc., which could then be
used to validate, monitor, and continuously review in a nrathaé reflects changes and

incorporates best diagram planning practices.

Since cumulative fatigue (see Anderson, Grunstein, & Ramng 2013; Carskadon &

Dement, 1981, Dingest al, 1997; Folkard & Lombardi, 2006; Landrigahal., 2014;
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Rajaratnam & Jones, 2004, for reviews) has been demounstocatmpair performance
and increase safety incidents (e.g., Chang & Ju, 2008h®texd, 2009; Spencegt al,
2006), future studies should aim to investigate the &fe¢ R1 WUDLQ GULYHUV
fatigue on workload using the offline m-PVT with a significandyger number of
frontline safety critical workers. In addition, furthesearch is also needed to investigate
whether a shorter offline iOS mobile app version i.e., 5-m#PVT could still be
sensitive enough at detecting levels of fatigue in froatsiafety critical settings in train
drivers and beyond, e.g., hospital staff, emergency ssyviaw enforcement, etc.
Moreover, future research should attempt to investightee itnpact of fatigue on
performance for each diagram turn while also controlling i@rkload by using
subjective psychological self-reported measures e.g.,NR8A Task Load Index
(NASA-TLX) (Byrne et al, 2010; Hart & Staveland, 1988; Orlandi & Brooks, 2018;
Shakouri, Ikuma, Aghazadeh, & Nahmens, 2018). Finally, furthearek is also needed
to explore the various effective coping strategies tdaivers utilise to mitigate the ill

effects ofshftwork and workload.

Future studies could also be carried out across theugadiepot establishments at TTWRS
since this study exclusively only looked at train drivers fram tlepots i.e., Valleys &
Cardiff Local Routes (formally known as Cardiff Valléimes) and Cardiff Mainline,
which were both based at Cardiff, Wales. However, TITWRSeatigr operates across 12
depots split into both the South (i.e. Valleys & Cardifical RoutesCardiff Mainline,
Carmarthen, Treherbert, and Rhymney) and the NorthGhester, Crewe, Machynlleth,
Shrewsbury, Holyhead, Llandudno Junction, and Pwllheli) regidnthe Wales and
Borders Franchisdn addition, it would also be advantageous to carry outitiodigal

m-PVT studies to look at train drivers RT changes oveg.tim
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8.7: The future of train driving

Despite the fact that driving a train is always carried ouwtamplete isolation, Heatt
al. (1999) stated that due to the high levels of regulatiopkage, a train does not require
a driver. However, a great deal has changed since the late WB8Asautomated trains
or even automated vehicles were in its infancy. Forabed0 years instead of moving
towards automated trains, additional control systems had ibgdemented within the
cab, traction and track e.g., Global System for Mobiljn@winications+Railway (GSM-
R), Driver's Reminder Appliance (DRA), Automatic Warning Syst&iVS), Train
Protection Warning System (TPWS), etc. with the aim toh&ir prevent potentially
catastrophic safety critical incidents. Conversely, td there has been a shift towards
automated train systems within the rail industry and due amatic advancements in
technology, journey length, travel speed, and customecseayualities (Yiret al, 2017).
Moreover, due to global co-operative climate change policyaation i.e., The Paris
Agreement 2015 (Seo, 2017; UNFCCC, 2015) and traffic congestioreprslh large
cities (Ma, Zhang, & Li, 2016), urban rail transport is noing promoted as the green
option as well as the convenient transport method gelaities such as; London, New

York, Tokyo, Taiwan, etc. (Wang, Tang, Ning, van den Bo&me Schutter, 2015).

The Automatic Train Operation (ATO) Programme, which & part of Digital Railway
that involves the close collaboration between varidakebholders e.g., Network Rail,
ORR, RSSB, TOCs, etc. to produce ATO control systems dimgatock, digital
signalling and trackside (Network Rail, 2017). Some Train Opgr&ompanies (TOCs)
are now in the early stages of integrating the ATO @lgameslink (see Hayat & Redfern,
2018, for review) and Crossrail (see ORR, 2016b, for reviewge $k\T O is considered
as an emerging technological option that will eventuadylace the traditional manual
train driving in many current urban rail networks (Dong, Ning, @aiHou, 2010;

Miyatake & Ko, 2010). However, with Thameslink and Crossgaibgrammes
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implementing the ATO in 2019, the ability for the ATO to autdoadly adjust the unit's
speed in accordance with the various regulations famiafigto a fixed unit marker within
the station platform for the purpose of parking will eesbetter timetable planning
(Wang, Xiao, Chen, & Li, 2018). As result, more trains ba added to the timetable to
reduce crowded platforms as well as to alleviate congestednsaburing peak time
(Woods, 2012; Woods & Barrett, 2018). However, at presenttdratlire has mainly
focused on technical improvements of ATO systems (Caratab, 2017; Wanget al.,
2015; Wanget al, 2018; Yinet al, 2017), with no current peer-reviewed literature on
how TOCs will support train drivers in the transition frorarmaally operating the unit to

relinquishing control to various automated train systems.

8.8: Concluding remarks

The originality and contribution of this thesis lie ime& main domains. Firstly, findings
from this thesis identified that the current biomathecahtnodel (BMM) of fatigue i.e.,
the Health and Safety Executive (HSE) Fatigue Risk IndeR @Rulator useat Arriva
Trains Wales (ATW) in not an effective method for monitg and reducing safety
incidents in which fatigue could have been a contributingofacSecondly, that
ethnographic in-cab observations revealed that noise (amietiernal or external to the
cab), cab temperature, and cab working conditions wererneajncerns that could
contribute towards safety incidents when fatigued. In anditi was also found that most
of these contributors towards safety incidents when fatigaeld e eliminated through
the process of replacing the old rolling stock fleet withdarnised rolling stock that have
addressed these issues. Thirdly, that an alternative wbj@udicator of fatigue i.e., the
offline 10-min m-PVT was sensitive at detecting levels afjtat due to workloadin
summary, this thesis highlights te PRELOH DSS YHUVLRQ RI-mMWWKH pJR
PVT could be used to further strengthen and complement tmentufatigue Risk

Management Systems (FRMS) for frontline safety @iticorkers
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Analyzing Safety Incidents using the Fatigue Risk
Index Calculator as an Indicator of Fatigue within
UK Rail Franchise

Michael Scott Evans, Andrew Paul Smith

Abstract2 The feeling of fatigue at work could potentially have dgating consequences.
The aim of this study was to investigate whether the estliblished objective indicator of
fatigue #the Fatigue Risk Index (FRI) calculator used by the rail imgissan effective indicator
to the number of safety incidents, in which fatigue could Heeen a contributing factor. The
study received ethics appro@a I[URP &DUGLII 8QLYHUVLW\TV (WKLFV &RPPLWWHH (&
Atotal of 901 safety incidents were recordieain a single British rail franchise between 1st June
2010 +31st December 2016, into the Safety Management Inform&ystem (SMIS). The
safety incident types identified that fatigue could havenlzeeontributing factor were: Signal
Passed at Danger (SPAD), Train Protection & Warnirgge®y (TPWS) activation, Automatic
Warning System (AWS) slow to cancel, failed to callj atation overrun. From the 901 recorded
safety incidents, the scheduling system CrewPlan wagaisettact the Fatigue Index (Fl) score
and Risk Index (RI) score of all train drivers on the danefsafety incident. Only the working
rosters of 64.2%N = 578) (550 men and 28 female) ranging in age fronx@4 years oldNl =
47.13,SD = 7.30) were accessible for analyses. Analysis fror#8l train drivers who were
involved in safety incidents revealed that 99.8¥&(77) of Fatigue Index (FI) scores fell within
or below the identified guideline threshold of 45 as weBa9% (\ = 566) of Risk Index (RI)
scores falling below the 1.6 threshold range. There soepessent good practice within the rail
industry. These findings seem to indicate that the cuwbjgctive indicator, i.e. the FRI
calculator used in this study by the British rail franchigses not an effective predictor of train
GULYHUTV ), VFRUHV DQG 5, VRRUKIWFKDM WDINW)\ FIRXPLG KQWM EHHQ |
contributing factor represented only 0.2% of Fl score2atfh of Rl scores. Further research is
needed to determine whether there are other contributotgr$athat could provide a better
indication as to why there is such a significantly langgoprtion of train drivers who are involved
in safety incidents, in which fatigue could have been aibonimg factor have such low Fl and
RI scores.

Keywordg? Fatigue risk index calculator, objective indicator ofgfag, rail industry, safety

incident.
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Developing an Objective Indicator of Fatigue: An
Alternative Mobile Version of the Psychomotor Vigilance
Task (m-PVT)

Michael Scott Evari§000-0003-0901-2190 Danjie| Harborni000-0002-2376-8341an ¢ Andrew
P. Smitf}l0000-0001-8805-8028]

1 School of Psychology, Cardiff University,
63 Park Place, Cardiff, CF10 3AS, Wales, United Kingdom
EvansMS3@cardiff.ac.uk
2 School of Computer Science and Informatics, Cardiff Usitgr
Cardiff, Wales, UK

Abstract. Approximately 20% of the working population report symptoms of
feeling fatigued at work. The aim of the study was tegtigate whether an
alternative mobile versionlo WKH pJROG VWDQGDUGYT 3VI\IFKRPRWRU 9LJLODQF
(PVT) could be used to provide an objective indicatoatiftie in staff working

in applied safety critical settings such as train drivingphal staffs, emergency
services, law enforcementtc., using different mobile devices. 26 participants
mean age 20 years completed a 25-minute reaction tioty sising an
alternative mobile version of the Psychomotor VigilanasKl(m-PVT) that was
implemented on either an Apple iPhone 6s Plus or a SamsuagyGab 4.
Participants attended two sessions: a morning and anadteisession held on
two consecutive days counterbalanced. It was found thaPtiane 6s Plus
generated both mean speed responses (1/RTs) and mean teae8d¢RTs) that
were comparable to those observed in the literature wiileGalaxy Tab 4
generated significantly lower 1/RTs and slower RTs tihase found with the
iPhone 6s Plus. Furthermore, it was also found thatRhenie 6s Plus was
sensitive enough to detect lower mean speed of respqia#e3s) and
significantly slower mean reaction times (RTs) aftendiiutes onthe m-PVT

In contrast, it was also found that the Galaxy Tab 4 gesteraean number of
lapses that were significant after 5-minutes on the/h:Ahese findings seem
to indicate that the m-PVT could be used to provide an tbdemdicator of
fatigue in staff working in applied safety critical &g such as train driving,
hospital staffs, emergency services, law enforcemetats, e

Keywords: Psychomotor Vigilance Task (PVT), Mental Workload,
Occupational Fatigue, Objective Indicator of Fatigue, Atbent

1 Introduction

In order to be able to meet task demands, there is usuatiymed amount of operator
resources needed, referred to as human mental workloagicgidrding to Hart and
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6WDYHODQG > @ KXPDQ PHQWDO ZRWNX®BIGURIDQ EH GHILQHG LC
RSHUDWRU WR DFKLHYH D SDUWLFE@DBVY IQWHRYH DQR HVHDWM URQY F
between task demands, circumstances, $KlIIEHKDYLRXU DQG SHUFHSWLRQV 7 7K
human mental workloadoften referred to as cognitive loagtan be intuitively defined

as the amount of mental work necessary for a persoomplete a task over a given

period of time [3, 4]. However, nowadays human mental warkis more generally

defined as the measurement of the amount of mes@Uress involved in a cognitive

task [5].

Human mental workload can be measured in real time usingriaty of
psychological and physiological techniques, which inclsdijective psychological
self-reported measures e.g., the NASA Task Load I(ASA-TLX) [2, 6 8] and tte
NASA-MATB (National Aeronautics and Space AdministrationltMAttribute Task
Battery [9] as well as objective physiological measurgs beart rate (HR), galvanic
skin  response (GSR), body temperature, electrocardiograBCG)
electroencephalogram (EEG), and eye tracking [8A2]) and which have been
extensively examined in various safety critical environteéncluding; aviation [7,
20], train driving [21], car driving [224], and in an operating theater [6] but to name
a few.

According to Wickens [25], the greatest value of conductnigntific human
mental workload research is to be able to predict tmsequences of high mental
workload on performance. In other words, to better utaledsan individual's decision
to consciously engage in a safe behaviour or in a pdtgrdengerous behaviour that
could have devastating consequences. As a result, treeptonf human mental
workload has long been recognised as an important factodividnal performance
[26 29]. Xie and Salvendy [29] state that both underload (oe:,nhental workload)
and overload (i.e., high mental workload) degrade performanazebinhigh and low
levels of human mental workload have been shown to degitrator error [22]. Longo
[3] outlines that during low mental workload, individuale arore likely to experience
levels of frustration and annoyance when processing infamavhich could result in
an increase in their reaction time (RT). In contractjinduhigh mental workload,
individuals could experience confusion, which may result idearease in their
information processing capacity, which could directisreéase the likelihood of errors
and mistakes. Therefore, these low and high mentdtleaat information processing
stages could have potentially dangerous consequences, egpiecisdifety critical
environments. Byrne [30] points out that the main applinatiomental workload has
been to investigate situations where cognitive dentxededs the acceptable safety
tolerance threshold so that workload can be effectiadyced. Therefore, in high risk
safety critical environments, the measurement of atewbrkload is of upmost
importance due to its potential implications [31]. Howevde and Salvendy [29]
identified that the effect of fatigue on mental workload isafien considered in human
mental workload research. Nevertheless, research cattidy &mith and Smith [32]
on conductors/guards and engineers from the rail industry whoiwhigh risk safety
critical environments found that workload increased @etigHowever, subjective
PHDVXUHY ZHUH SUHGRPLQDWHO\ XW$NGD LWQH&XIOMK /& E WBHP LLW KM \
need for an alternative mobile objective indicator ofgia¢i that can be used in high
risk safety critical environments. In a controlled lattory setting, the human
Psychomotor Vigilance Task (PVT) [see 33, 34, for revievg become the widely

279



DFFHSWHG pJRO for &s¥e$3iQgate ih(pgct \of RaiyOe on human cognitive
neurobehavioral performance for monitoring temporal thinachanges in attention
[3588]. The aim of the study was to investigate whethertamaltive mobile version
Rl WKH pJROG VW DrY@ibnt&ThsR PV Kdewrd=od/URed to provide an
objective indicator of fatigue in staff working in appliedety critical settings, such as
train driving, hospital staffs, emergency services, lafereementsetc.

The rest of the paper is organised as follows. Sectides2ribes related work on
the Psychomotor Vigilance Task (PVT) while also exingc relevant studies to
identify the gaps and rationale for the need of an alternabyjective indicator of
fatigue in staff working in applied safety critical settin§sction 3 outlines the design
and empirical methodology of the proposed alternative métslyichomotor Vigilance
Task (m-PVT). Section 4 presents the empirical resutsdiscussion of the m-PVT.
Finally, Section 5 provides a critical conclusion of ineposed alternative m-PVT and
suggestions for future work.

2 Related Work

The Psychomotor Vigilance Task (PVT) can be traced ffiaen the early work in
simple reaction time (SRT) studies that were carried outilhelth Maximilian Wundt
(1832 £1920) and continued by James McKeen Cattell (186044) [39]. It is
important to note that the modern PVT has been refinedatdiraes over the years
[40 ¥42] from its original development by Dinges and Powell @8] has been shown
to be sensitive to sleep deprivation, fatigue, drug use,gadrae PVT has also been
widely implemented using a handheld device known as the-BZT(Ambulatory
Monitoring Inc., Ardsley, New York, USA), as well asihg extensively validated by
various researchers [40, 45].
According to Basner, Mcguire, Goel, Rao and Dinges [48]Beasher et al. [49],
the PVT-192 records p& LFLSDQWVYT VXVWDLQHG DWVOHWIWRHRQ EDVHG RQ
(RT) trials to visual stimuli that occur at random intémsilus intervals (ISl) that are
between 240 seconds, for a standard 10-minute period. In summary, el 82
device operated by presenting participants with a stimultisthaisted of a four-digit
millisecond counter that appears in a light-emitting diode (LE®-matrix display.
The response consisted of a left or right button presschwdepended on the
configuration of the PVT-192 setup. The time differencewbeh the stimulus
SUHVHQWDWLRQ DQG WKH UHVSRONHAWARQVWLEKWHG WKAK STUW
value was stored in the device and then uploaded to a pemmmapauter, where the
individual RTs are post-processed with the REACT softWanabulatory Monitoring
Inc., Ardsley, New York, USA), or other commercially #able software, into
summary statisfV VXFK DV WKH PHDQ 57 RU WEHVPHDQ QXPEHU RI C
milliseconds) per session [33, 40, 48, 50, 51]. For examplepath, Dawson, and
IDPRQGTV VWXG\ > @ HDFK SDUWLKNFLEBDQWPIHXKXI\NWHFHG HLWKHL
sessions spaced at predetermined intervals (e.g., elety$) for a prolonged duration
(e.g., 28 hours), where each session consists of eittigalSFequivalent to 5 minutes),
or 100 trials (equivalent to 10 minutes). However, Khitrov 2] tested the average
delay of the PVT-192 and found that the recorded delay wagegrthan what was
stated by the PVT-192 manufacturer. The delay recorded bgeslearchers was on
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DYHUDJH PV JUHDWHU ZKHQ FRBSEBBH® MR GHODPRQ X IDWVW XU
Nevertheless, it is important to highlight that Khitrowaét[52] did acknowledge the
possibility that the difference found could have been duié¢onon-instantaneous
nature of the light detection circuit, or the actual delagociated with the PVT-192,
since their experimental design did not permit them tobbe ta distinguish between
these possibilities.
Dinges and Powell [33] have shown that the 10-min PVT islyigeliable. Roach,
Dawson and Lamond [45] wanted to investigate whether 9@ndsccould also be
sufficiently sensitive enough to detect the effects afjf@ in comparison to their
earlier research [see 43, for review], where they welestalfind significant fatigue-
related impairment during the first 5-min of a 10-min PWlthis study, the researchers
CRPSDUHG SDUWLFLSDQWVYT QHXURKHEHED?Y IERHWZMH FBGI UVRU PIBIQ FH
different time durations (90 seconds, 5-min, and 10-min) toifglemtether a shorter
PVT could also be sensitive enough to detect the efédédttigue. They found that it
was only possible to implement a 5-min PVT as a swibstof the 10-min PVT, and
not a 90 seconds PVT, thus only further supporting their eezearch [43]. However,
it is important to note that analyses of their study wareied out using the mean RT
and not the mean speed response (1/RT). Basner and Dingéayé3tentified that
the mean RTs should not be the primary measure eohass, and instead considering
using the alternative primary measure of 1/RTs. In a ately, Basner, Mollicone and
Dinges [42] aimed to further shorten the 5-min PVT [45] by pieg a modified 3-
min version of the PVT (PVT-B). They found that this 3iaérsion could be a useful
WRRO IRU DVVHVVLQJ EHKDYLRXWIOH |[DR®DGWNHY Q GOV BHWWLQJ
PVT could be more difficult or impractical to implement daghe nature of the study
or location. However, further validation is required toedetine whether both the 5-
min PVT and PVT-B versions could indeed be sensitive entmudgtect reduced levels
of fatigue. Therefore, this study aimed to investigate @bilm version of the
Psychomotor Vigilance Task (m-PVT) that could also ledue provide an objective
indicator of fatigue in staff working in applied safety icat settings such as train
driving, hospital staffs, emergency services, law eefoents, etc.

3 Design and Methodology

The aim of the study was to investigate whether amnaltee mobile version of the

MIJROG VWDQGDUGYT 3V\FKRPRWRU 9KVYIHWGD /RH STDRML GBI D QFRXO
objective indicator of fatigue in staff working in appliedety critical settings such as

train driving, hospital staffs, emergency services, &nforcementsetc. The study

UHFHLYHG HWKLFVY DSSURYDO IURFV &RBBERPLUWVBRHHYHUVLW\?
(EC.16.02.09.4464R). The study conformed to the seventh amendmethte of

Declaration of Helsinki 1964 [53] and all participants gaver inéormed written as

well as electronic consent following the explanatiothefnature of the study in written

form.
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3.1 Participants

26 (3 male and 23 female) participants with a mean age of 20(ars 1.66) were
recruited as volunteers from Cardiff University utee Experimental Management
System (EMS) to take part in the study. The study involveticfants attending two
sessions, a morning session (i.e., before 11:00) and anoaftesession (i.e., after
17:00), which were held on two consecutive days and coaerted, in exchange for
£10. The study lasted 60 minutes in total for both sessions.

3.2 Materials / Apparatus

The mobile Psychomotor Vigilance Task (m-PVT) wesspnted to participants on one
RI WZR PRELOH GHYLFHV us#SE@HIYV ISSKRHPMH V28OYHUVLRQ
$SSOH ,QF RU 6DPVXQJYV *DOD[\ TDEHWGE6DBXRQLQOHRFRWNURQLF
$QGURLGTY RSHUDWLQJ V\VWHP 26 ,QHUVIPREd .LW.DW $0SK
in the following hardware configurations for the iPhdisePlus: system chip (Apple
A9 APL1022), processor (Dual-core, 1840 MHz, Twister, 64-giaphics processor
(PowerVR GT7600), and system memory (2048 MB RAM), and for tmesGag
Galaxy Tab 4: system chip (Marvell PXA1088), processora(Reore, 1200 MHz,
ARM Cortex-A7), graphics processor (Vivante), and system omgnil536 MB
RAM). The iPhone 6s Plus had the following hardware configamrstthe m-PVT was
displayed on either a 5.5-inch (diagonal) 1920 x 1080-pixel nagsatution at 401 ppi
Retina high definition display (iPhone 6s Plus), oriach (diagonal) 1280 x 800-pixel
(WXGA) native resolution at 216 pixels per inch (ppi) liquid tayslisplay (LCD)
display (Samsung Galaxy Tab 4).
The m-PVT was programmed using the client code HTML, and f6iSthe page
visualisation and layout. JavaScript was also used tatmithe m-PVT, which was run
XVLQJ WKH '"ROSKLQ :HE %YURZVHU ORBRKR®HQFKN 3RJAVERWK DQ
and Samsung Galaxy Tab 4 (Dolphin Web Browser versfgmsle app version 9.9.0,
and Android app version 11.5.6, respectively). The ratiofaal selecting the Dolphin
Web Browser for this study was that it allowed the fdteen feature to be enabled
across the two different operating systems (OS), Apdedad Android OS platforms
for both mobile devices. Other more native mobile intermetvgers of each OS
platform, such as Safari (Apple) and Chrome (Android) includingfdX, to name a
few, did not permit full screen. Qualtrics Surveys (Quallils, Inc.) were also used
to collect demographic information from participants. Sethesurveys were also
implementedRQ ERWK $SSOHfV L3KRQH V 30XV LYE®BS YHUVLRQ
Galaxy Tab 4 (Android app version 1.0.38).

3.3 Statistical Analyses

, %097V 6WDWLVW the BdoiaBIziendd> (FPIH Mersion 23 for Mac was used
to analyse the data. A combination of various stegisprocedures were carried out on
the data; descriptive analyses, mixed-design analysis iafwear (ANOVA) and a two-
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way analysis of variance (ANOVA) to further explore maigtions. The level oD< .05
was used for all statistical tests of this experiment.

3.4 Design

The experiment employed a 2 x 2 x 6 mixed-design analysiar@nce (ANOVA)
ZLWK PRELOH GHNKRQHbSS GBHOTW  Rdlhxy6 Dab X &3 Xifevy  *
between-subjects factor, x time of day (Morning or Aftemm) X time on task (1-
minute; 5-minutes; 10-minutes; 15-minutes; 20 minute®5-minutes) as the within-
subjects factors. The morning session (i.e., before 1adxhe afternoon session
(i.e., after 17:00) were held on two consecutive days anut@dalanced.

3.5 Procedure

In order to ensure participants were fully aware of tfoiusion and exclusion criteria,
all participants were contacted usin& DU GLII 8QL Y H lemdl Waradgertp®H U L P
System (EMS) emailing system 48 hours prior to participadind further reminded 24
hours before the start, in addition to being provideth Wwrief instructions through
EMS.

The study was administered using mobile devices. Pamitsipgere either assigned
to using an iPhone 6s Plus or a Samsung Galaxy Tab 4.cfeage validity and
standardisation, all instructions were administeregatticipants in written form for
both the morning and the afternoon session. This studysted®f two parts. The first
part was the mobile Psychomotor Vigilance Task (m-PkéBction time test, which
ZDV D PRGLILHG YHUVLRQ R I[33VRskchdo@tdmHgilan@e@a3kRZHO O TV
The m-PVT was run on the Dolphin Web Browser mokilgligation. The second part
was the demographic questionnaire that was distributed witheltrigs Surveys
mobile application. In this modified version, the mobilgdPmmotor Vigilance Task
(m-PVT) (see Figure 1), participants were presented withcoeen instructions aral
EXWWRQ DW WKH HQG WKDW US @@ sBowDa black scr€enHDFK WULDO
background, and at the centre of the screen they woutddsented with a large red
fixation circle. The red fixation circle (i.e., interiraulus interval) would remain on the
screen for a randomised duration that lasted betweeh(2seconds, which was then
followed by a yellow stimulus counter. As soon as the interetis interval reached
the randomised duration, a yellow stimulus counter appeared mguop in
milliseconds from 0+5 seconds where it would lapse (i.e., error of omis&ior®.5
seconds) and begin the next trial, or until the participantethpp the screen. Once the
participant tapped on the screen, their reaction timegtisulus) would be displayed
for 0.5 seconds. At the end of each trial, a black backgt would appear on-screen
for 0.5 seconds. There were 205 trials in total that leegdedoximately 25 minutes.
Kribbs and Dinges [54] found that after a maximum of thriedst the practice effect
for the PVT was removed. This study conservatively impleied five practice trials
to ensure participants were fully aware of the tadkichvwere removed from final
analyses. If participants responded prematurely duringratyi.e., before the timer
commenced counting up), the trial would reset. To alsorergarticipants were made
aware of their premature response, the following agesé red was displayed on the
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FHQWUH RI WKH VFUHHQ p<RXLbB@ast N HGYWRRDHD IUGQA X ¥KMLY/DW/UL RO
of the mobile Psychomotor Vigilance Task (m-PVT) is préed in Figure 2.

Fig. 1. Mobile Psychomotor Vigilance Task (m-PVT) timeline.

la. Participants were presented with a large retedire., inter-stimulus interval), which appeared dor
randomised duration between#10 seconds.

1b. If participants responded prematurely, a false weaming message appeared informing them that they
clicked too early and that the trial would be reset

2a. As soon as the inter-stimulus interval readiedrandomised duration, a yellow stimulus counter
appeared counting up in milliseconds fromB seconds where it would lapse (i.e., error of oimiss
for 0.5 seconds) and begin the next trial, or untilp#eicipant had tapped on the screen.

2b. Once the participants had tapped on the sctieein reaction time (i.e., stimulus) would be digeld
for 0.5 seconds.

3. Atthe end of each trial, a black background Mf@ppear on-screen for 0.5 seconds.
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Fig. 2. Visual illustration of the mobile Psychomotor VigilaniEask (m-PVT)

4 Results and Discussion

The aim of the study was to investigate whether amnaltiee mobile version of the

MIJROG VWDQGDUGYT 3V\FKRPRWRU 9K VYIHGD /RH STDRML GBI D QFR X O
objective indicator of fatigue in staff working in appliedety critical settings such as

train driving, hospital staffs, emergency servicesy kenforcermentsetc. ,% 0V

Statistical Package for the Social Sciences (SPSS)oreR3 for Mac was used to

analyse the data. A total of 10,452 test trials were dtdmifior data analyses, with all

260 practice trials (i.e., 5 practice trials per sessirauded from final analyses. It is

important to note that all mobile devices running thenanlinobile version of #a

Psychomotor Vigilance Task (m-PVT) were administehedugh the Dolphin internet

EURZVHU DQG ZHUH FRQQHFWH G dukoam @/dFi&@atieg. I 8QLYHUVLW\T
service. Thereforepn rare occasions when the Wi-Fi connectivity dropped, the

S D U WL F alsvagaoat and tuBinot recorded. As a result, adbiaB5% (n = 208)

test trials of all 10,660 trials (i.e., 260 practice and 1,%3t) were lost and not

recorded. Based on Basner and Dinges [40] recommendatiiob®,452 test trials with

reaction time (RTs) < 100 ms (i.e., false start), whiatoanted for .05% (n = 5) and

57V -« PV LH QXPEHU RI ODSVHV Q@KLFK DFARXQWHG IRU
considered for exclusion from the final mean speed respor®E)(@nhd mean reaction
time (57 DQDO\WHV $00 Q RUMBer of lapses) PV L H

were analysed separately.
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4.1 Mean Speed Response (1/RT) and Reaction Time (RT)

Figure 3 presents the illustrated mean speed responses (&ds3 the different
conditions while Figure 4 presents the illustrated meadtian times (RTs) across the
different conditions. Both the 1/RTs and RTs were submito a 2 x 2 x 6 mixed-
design analysis of variance (ANOVA) with 2 x mobile devi¢g¥one 6s Plus or
Samsung Galaxy Tab 4) as the between-subjects factbrs 2 time of day (Morning,
or Afternoon) x 6 time on task (1-minute; 5-minutes,nlibutes, 15-minutes, 20
minutes, or 25-minutes) as the within-subjects factBoth the 1/RTs and RTs were
significant when comparing the main effect of the twougs using different mobile
devicesF(1, 24), 87.21p > = .78, indicating a large effect size [55, 56] and
F(1, 24), 131.85p o> = .85, also indicating a large effect size [55, 56],
respectively. In addition, there was a significant mé&ceof time on task for both the
1/RTsand RTs;,LONVY /DP EKER 20), 14.08p p2 = .78, indicating
alaUJH HIIHFW VL]H > @ DQE(5; @ NI2BH6PD P EG B3

= .76, indicating a large effect size [55, 56], respectivielythermore, there was also
a significant interaction between mobile devices x timéask for both the 1/RTs and
57V :LONVT /DHBED), 7.95p p2= .67, indicating a large effect
VL]H > @ DQG :LONYT20D B.E3p D p2= .57, indicatinga
moderate effect size [55, 56], respectively. The other refigtt (time of day) and
interactions (two-way interaction, time of day x tioretask; and three-way interaction,
mobile devices x time of day x time on task) for botRTE and RTs were not
significant.

Fig. 3. Mean speed responses (1/RTs) across the different conditiensmorning and
afternoon) for both the iPhone 6s Plus and the Samsung GalaxyT#te4nobile Psychomotor
Vigilance Task (m-PVT)Note:Meanl/RTs for both the iPhone 6s Plus and the Samsung Galaxy
Tab 4 are presented in bins of 5 minutes as wellileairst minute. Error bars represents standard
deviation.
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Fig. 4. Mean reaction times (RTs) across the different condifpas morning and afternoon)
for both the iPhone 6s Plus and the Samsung Galaxy Tathd wibile Psychomotor Vigilance
Task (m-PVT).Note: Mean RTs for both the iPhone 6s Plus and the Samsung Galbxy dre
presented in bins of 5 minutes as well as the first mikinter bars represents standard deviation.

The main effect of the two groups using different mobiléasvwas followed by post-

hoc tests with Bonferroni correction for multiple companis. Post-hoc tests showed

WKDW SDUWLFLSDQWVY PHDQ VS HHIZQ WaE SIRIQteH V 57V. ZHUH
iPhone 6s Plus mobile devickl (= 2.97,SE= .05) than the Samsung Galaxy Tab 4

mobile device M = 2.26,SE= .05,p < .001). In addition, post-hoc tests also showed

WKDW SDUWLFLSDQWVY UHDFWLURYWHWPRhYWEBSMIKZHUH VLIQLILFD
mobile device M = 341.92msSE = 6.29ms) than the Samsung Galaxy Tab 4 mobile

device M = 444.02msSE= 6.29msp < .001). These findings seem to indicate that

the iPhone 6s Plus generated significantly greater meaadl spsponses (1/RTs) and

significantly faster mean reaction times (RTs) thanShmsung Galaxy Tab 4, with a

mean RT difference of 102ms between the iPhone 6s PtlthanSamsung Galaxy

Tab 4. Therefore, under these circumstances, thedtitardoetween mobile devices x

time on task was explored separately with a two-way refdeaalysis of variance

(ANOVA).

3.1.1:iPhone 6s Plus Mean Speed Response (1/RT) and Reaction Time
(RT)

Figure 5 and Figure 6 present the illustrated mean speespohees (1/RTs) and mean

reaction times (RTs) for the iPhone 6s Plus mobile PsyotmnVigilance Task (m-

PVT) across the different conditions. Both the 1/RTs ahsl\Were submitted to a 2 x

6 two-way repeated analysis of variance (ANOVA) comparing #me of day

(Morning, or Afternoon) x 6itne on task (1-minute; 5-minutes, 10-minutes, 15-

minutes, 20 minutes, or 25-minutes). Only the main efféctinoe on task was

signLILFDQW IRU ERWK WKH 57V D@6 8,722.02p000Y,1 /DPEGD
p’ = .88, indicating a large effect size @ DQG :LONVY HBBEGD
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11.93p p> = .88, indicating a large effect size [55, 56], respectivitg other
main effect (time of day) and interactions (two-way inteoacttime of day x time on
task) for both 1/RTs and RTs were not significant.

Fig. 5. Mean speed responses (1/RTs) of both the morning sessiortemdai session for the
iPhone 6s Plus mobile Psychomotor Vigilance Task (m-PMdje: Mean1/RTs of both the
morning session and afternoon session for the iPhone 6s @lpeaented in bins of 5 minutes
as well as the first minute. Error bars represents stdmigasation.

Fig. 6. Mean reaction times (RTs) of both the morning session dachabn session for the
iPhone 6s Plus mobile Psychomotor Vigilance Task (m-PWoje: Mean RTs of both the
morning session and afternoon session are presented inf@nsioutes as well as the first
minute. Error bars represents standard deviation.

The main effect of time on task was further explored uBisher's Least Significant

Difference (LSD) post-hoc multiple pairwise comparisohjolr according to Rovai,
Baker and Ponton [57] is used when sample sizes are smedinAse seen from Figure
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7, participants who were assigned to the iPhone mobiiealgroup had significantly
greater mean speed responses (1/RTs) between the firderomthe m-PVTNI =
3.17,SE = .07) and 15-minutes on the m-PVW & 2.96,SE = .09,p = .005). In
addition, participants had significantly greater 1/RTs betwtbe first minute M =
3.17,SE=.07) and 20-minute$/= 2.90,SE=.10,p = .005). Furthermore, participants
had significantly greater 1/RTs between the first mifMe= 3.17,SE= .07) and 25-
minutes M = 2.69, SE =.07, p < .001). Fisher's LSD post-hoc multiple pairwise
comparison also showed potential differences betweefirgheninute on the m-PVT
(M = 3.17,SE= .07) and 10-minutes on the m-PWW € 3.01,SE= .10,p = .051).
However, this was not statistically significant withstlstudy size. As can be seen from
Figure 8, participants had significantly faster mearmtiea times (RTs) between the
first minute on the m-PVTM = 317.89msSE = 7.09ms) and 10-minutes on the m-
PVT (M = 337.75ms,SE = 10.27ms,p = .032). In addition, participants had
significantly faster RTs between the first minute=£ 317.89msSE= 7.09ms) and 15-
minutes M = 342.70ms,SE = 10.22ms,p = .003). Furthermore, participants had
significantly faster RTs between the first minuté<£ 317.89msSE= 7.09ms) and 20-
minutes M = 349.52ms,SE = 11.42ms,p = .005). Moreover, participants had
significantly faster RTs between the first minute<£ 317.89msSE= 7.09ms) and 25-
minutes M = 376.47msSE= 9.20msp < .001).

Fig. 7. *p < .05; **p < .005; ***p < .001.Note: Meanspeed responses (1/RTs) for the iPhone 6s
Plus are presented in bins of 5 minutes as well as thenfinsite. Error bars represents standard
errors.
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Fig. 8. *p < .05; **p < .005; ***p < .001.Note: Mean reaction times (RTs) for the iPhone 6s
Plus are presented in bins of 5 minutes as well as thenfinsite. Error bars represents standard
errors.

3.1.2:Samsung Galaxy Tab 4 Mean Speed Response (1/RT) and
Reaction Time (RT)

Figure 9 and Figure 10 present the illustrated meardsesponses (1/RTs) and mean

reaction times (RTs) for Samsung Galaxy Tab 4 mobilelsyotor Vigilance Task

(m-PVT) across the different conditions. Both the 1/Rifd RTs were submitted to a

2 x 6 two-way repeated analysis of variance (ANOVA) compazingtime of day

(Morning, or Afternoon) x 6 time on task (1-minute; 5-minut&8-minutes, 15-

minutes, 20 minutes, or 25-minutes). For both the 1/RTsRifgl there was no
VLIQLILFDQW PDLQ HIIHFW RI WLFHd, R), GBop=U&INVY /DPEGD
2 DQG :LONVY /B®AHB,D579% o2 = .05, respectively. In

addition, for both the 1/RTs and RTs, there was alsagmifisant main effect of time

RQ WDVN :LONVIFEDF BGEp=.0 Z=.69and:LONVY /DPEGD

.31,F(5, 8), 3.53p n? = .69, respectively. Moreover, for both the 1/RTs and

57V. WKHUH ZDV DOVR QR VHH@LWEPH) WI LGDN H WDLAPAL IR IQWEHHWINZ

Lambda = .61F(5, 8), 1.05p 2 DQG :Lamitly § .63F(5, 8),

.954,p o> = .37, respectively.
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Fig. 9. Mean speed responses (1/RTs) of both the morning sessioftemoan session of the
Samsung Galaxy Tab 4 mobile Psychomotor Vigilance Task (f)-FNobte: Mean 1/RTs of
both the morning session and afternoon session for the Samalaxy Gab 4 are presented in
bins of 5 minutes as well as the first minute. Error beppsesents standard deviation.

Fig. 10. Mean reaction times (RTs) of both the morning sessiohadternoon session of the
Samsung Galaxy Tab 4 mobile Psychomotor Vigilance TasR\if). Nate: MeanRTs of both
the morning session and afternoon session for the SamsusgyGalb 4 are presented in bins
of 5 minutes as well as the first minute. Error barsesgnts standard deviation.

4.2 Mean Number of Lapses

JURP DOO WHVW WULDOV D WRWBPW ZHUH VXBPLWWHG7NREY GDWD
analyses. Figure 11 presents the illustrated mean nwhlarses across the different

conditions. The mean number of lapses were submittad?tex 2 x 6 mixed-desig

analysis of variance (ANOVA) with 2 x mobile devices (iRb®s Plus or Samsung
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Galaxy Tab 4) as the between-subjects factor, and x 2 dfntay (Morning, or
Afternoon) x 6 time on task (1-minute; 5-minutes, 10utés, 15-minutes, 20 minutes,
or 25-minutes) as the within-subjects factors. Thereansignificant main effect of the
two groups using different mobile devicds1, 24), 131.81p i = .85,
indicating a large effect size [55, 56]. In addition, thers aaignificant main effect of
time RQ WDVN :LONVIFERE AD27p o2 = .72, indicating a
large effect size [55, 56]. Furthermore, there was atsgraficant interaction between
mobile devices x time on task, WilKs / D P E G DF(5, 20), 9.10p i2=.70,
indicating a large effect size [55, 56]. The other main efteoe of dayp = .620) and
interactions (two-way interaction, time of day x timetask,p = .395; and three-way
interaction, mobile devices x time of day x time askip = .151) for the mean number
RI ODSVHV L H 57V » PV ZHUH QRW VLJQLILFDQW

Fig. 11.Mean number of lapses across the different conditionsri@ning and afternoon) for
both the iPhone 6s Plus and the Samsung Galaxy Tab 4 ofothike lRsychomotor Vigilance
Task (m-PVT).Note: Mean number of lapses for both the iPhone 6s Plus and theu$gms
Galaxy Tab 4 are presented in bins of 5 minutes dsaséhe first minute. Error bars represents
standard deviation.

The main effect of the two groups using different mobiléaswwas followed by post-

hoc tests with Bonferroni correction for multiple companis. Post-hoc tests showed

WKDW SDUWLFLSDQWVY PHDQ QWPP\EGIRZRIUOIRSPWH ¥ HZ H BKIRDLHI Q\L | L F
mobile device ¥ = .54,SE=.23) than the Samsung Galaxy Tab 4 mobile deWite (

4.31,SE=.23,p < .001). These findings seem to indicate that particips#igned to

the iPhone 6s Plus recorded significantly less mean nuohlsgrses than the Samsung

Galaxy Tab 4. These findings are not too surprising aastpreviously found that both

the mean speed responses (1/RTs) and mean reaction tinsg$qiRfe iPhone 6s Plus

generated significantly greater 1/RTs and faster RTs titmSamsung Galaxy Tab 4.

There was a statistically difference of 102ms, which wontlicate at least for the

6DPVXQJ *DOD[\ 7DE  WKDW WKHUHWARXD G EHDONI QLW K 5@ W G\
500 ms (i.e., number of lapses). As a result, from all 31.84803(328) of test trials
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ZLWK %0@0/ms, the Samsung Galaxy Tab 4 group represented 90.32%006¥F 3,
and the iPhone 6s Plus group represented 9.68% (n = 322fdrkealso under these
circumstances, the interaction between mobile devicisie on task was explored
separately with a two-way repeated analysis of varianBEAA).

3.1.3:iPhone 6s Plus Mean Number of Lapses

Figure 12 presents the illustrated mean number of lapsése iPhone 6s Plus
mobile Psychomotor Vigilance Task (m-PVT) acrossdifferent conditions. The
mean number of lapses were submitted to a 2 x 6 two-wagtezpanalysis of
variance (ANOVA) comparing 2 x time of day (Morning, or Afteon) x 6 time on
task (1-minute; 5-minutes, 10-minutes, 15-minutes, 20 mdur 25-minutes). There
was no significant main effect of tim@1 GD\ :LONVY /DRE ®&L) .04p
> =.00. In addition, there was also no significant nedfiect of time on task;
:LONVY /DPEHE®S8), .54p p? =.25. Moreover, there was also no
VLIQLILFDQW LQWHUDFWLRQ BEBDWZHBQWIL/PHPEBEIWDVN T WLPH RI
8), 2.84p p2 = .64.

Fig. 12.Mean number of lapses for both the morning session and@dtesession for the iPhone
6s Plus of the mobile Psychomotor Vigilance Task (m-PWbre: Mean number of lapses for
the iPhone 6s Plus are presented in bins of 5 minutes asawtie first minute. Error bars
represents standard deviation.

3.1.4:Samsung Galaxy Tab 4 Mean Number of Lapses

Figure 13 presents the illustrated mean number of lapstsef@amsung Galaxy Tab
4 mobile Psychomotor Vigilance Task (m-PVT) acrossdtiferent conditions. The
mean number of lapses were submitted to a 2 x 6 two-\pagted analysis of variance
(ANOVA) comparing 2 x time of day (Morning, or Afternoon) x 6é& on task (1-
minute; 5-minutes, 10-minutes, 15-minutes, 20 minate25-minutes). Only the main
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HITHFW RI WLPH RQ WDVN ZDV VIRIQQ@DLFDHW IIRUNWK ADPHED® Q XPE

.14,F(5, 8), 9.80p o> = .86, indicating a large effect size [55, 56]. The other
main effect (time of dayy = .486) and two-way interaction (time of day x time of,tas
p IRU WKH PHDQ QXPEHU RI OBI®VHHRRW WLISYMLFDQRW Z

Fig. 13. Mean number of lapses for both the morning session and aftesession for the
Samsung Galaxy Tab 4 of the mobile Psychomotor Vigilareesk (m-PVT).Note: Mean
number of lapses for the Samsung Galaxy Tab 4 are preseiied of 5 minutes as well as the
first minute. Error bars represents standard deviation.

The main effect of time on task was further explored uBisger's Least Significant
Difference (LSD) post-hoc multiple pairwise comparisehjch according to Rovai,
Baker and Ponton [57] is used when sample sizes are smatntbe seen from Figure
14, participants who were assigned to the Samsung Gaédxy mobile device group
had significantly less mean number of lapses betweefirgt minute on the m-PVT
(M = 2.58,SE= .35) and 5-minutes on the m-PVWW & 3.85,SE= .37,p = .001). In
addition, participants also had significantly less meanbaurof lapses between the
first minute on the m-PVTM = 2.58,SE = .35) and 10-minutes on the m-PWI €
4.69,SE= .40,p < .001). Furthermore, participants also had significadetg mean
number of lapses between the first minute on the/h-M = 2.58,SE= .35) and 15-
minutes on the m-PVTM = 4.81,SE= .40,p = .001). Moreover, participants also had
a significantly lower mean number of lapses betweefirstaninute on the m-PVTM

= 2.58,SE=.35) and 20-minutes on the m-PMWI € 5.54,SE= .38,p < .001). Finally,
participants also had a significantly lower mean numlbdapses between the first
minute on the m-PVTM = 2.58,SE= .35) and 25-minutes on the m-PWI € 4.42,
SE=.46,p = .008). These findings seem to indicate that mean nuofbapses for
mobile devices, that generate on average significaltyer thresholds, due to perhaps
hardware configurations than what is typically found in tegcRomotor Vigilance
Task (PVT) literature, may not be an accurate repretsgmtand comparison from
analyses of both the mean speed responses (1/RT) and eaediorr times (RTSs).
Instead, the analyses of the mean number of lapses ieldyfar better research
insights.
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Fig. 14.*p <.05; **p <.005; **p < .001.Note:Mean number of lapses for the Samsung Galaxy
Tab 4 are presented in bins of 5 minutes as wellleairst minute. Error bars represents standard
errors.

5 Conclusion

The study aimed toinvest) DWH ZKHWKHU DQ DOWHUQDWURBOR®QOLQH PRELC
VWDQGDUGY 3VI\IFKRPRWRU 9LJLODRFSURDYSH3IDQ FRWIOBWEM HXV
indicator of fatigue in staff in applied safety criticattegs such as train driving,
hospital staffs, emergency services, law enforcespent. It was found that there was
a large significant difference in reaction times (RTsyveen the two mobile devices
(i.e., Samsung vs$SSOHTV L3KRQH $SSOHYV L3KR@HUW 30XV JHQHUD
comparable to those found in the literature [33, 34, 4848.252]. However, the RTs
of the Samsung mobile device were significantly slowen ttiose found in the
literature. Findings from this study also support previ@search that have identified
that an increase in fatigue results in impaired alestfi@8, 59], whereby sustained
attention, as measured by reaction time, significanttiuces after 10-minutes of
continuous performance using the Psychomotor Vigildask (PVT). These findings
from this alternative online mobile version of the ésmotor Vigilance Task (m-
PVT) are consistent with previous work, which suggestedtisiained attention drops
with prolonged duration of the task [60. 61].
This study seems to suggest that an alternative onlindematssion RI WKH pJROG
VW D Q G/ (i.e., m-PVT) could be used to provide an objedndicator of
fatigue after 10 minutes on the m-PVT in staff workingpplaed safety critical settings
such as train driving, hospital staffs, emergency sesyi law enforcments, etc.
However, caution is required when considering implemerdimglternative online
mobile version (m-PVT) that is running on an internetwser, as only the iPhone 6s
Plus was able to generate reaction times that were cabipawith the literature. In
contrast, there were significantly fewer lapses foitene 6s Plus (n = 322) than the
Samsung Galaxy Tab 4 (n = 3,006), which was not surprisirenwonsidering that
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both mean speed responses (1/RTs) and reaction times (BEs$ignificantly higher
and faster respectively, for the iPhone 6s Plus thath&Bamsung Galaxy Tab 4. As
a result, perhaps analyses of both the mean speed respoR3e3 éb/d mean reaction
times (RTs) may not always generate an accurate da&segpation for analyses based
on the hardware differences in mobile manufactures elsas configurations and
specifications. Therefore, perhaps using the number ofddpse RTse PV PD\
yield richer data for analyses on these circumstandss.a result, this study
recommends that pilot studies should be carried out ttyfegplore and determine
whether the selected mobile device generates RTs thbeter suited for either mean
RTs and mean 1/RTs, or mean number of lapses analysesvétptteere are several
factors that could also account for the difference anrtrean 1/RTs and mean RTs
between the two mobile devices.

Firstly, regardingV RIWZDUH E R W Kon& 8sHPIER8dB8afiving Galaxy
Tab4runRQ GLIIHUHQW RSHUDW L @QPhole §sVPldrivh the owrs SSOH TV
native iOS version 9.3.1, while the Samsung Galaxy TeRim&R Q $OSKDEHWYV $QGURLG
KitKat version 4.4.2. Furthermore, even though the sartezriet browser (Dolphin
Web Browser) was used across both mobile devices, theowensimbers were
different. This may indicate that one may have had nmopFdvement and stability
updates than the other (Dolphin Web Browser; Apple\s nafi@&dpp version 9.9.0
vs. Android app OS version 11.5.6). Alternatively, threwser may have been
developed for one platform and then expanded to also run athtbreplatform.

5.1 Future Work

Further research is now needed to determine whether thelnzd®Moe used to provide
an objective indicator of fatigue in staff working in appliefégacritical settings such
as train driving, hospital staffs, emergency services,daforcement, etc. Use of an
iPhone 6s Plus is recommended, and further studiesangger samples are required to
confirm the length of the task.
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Appendix A

INFORMED CONSENT
MORNING / AFTERNOON

| have been invited to participate in a research stushgusbbile devices that involves completing
two-parts. The MORNING session needs to be completeceimtrning (before 11:00) and the
AFTERNOON session needs to be completed in the afterfadtan 15:00). Both the MORNING
session and AFTERNOON session needs to be completecheective days and will each take
between 25+30 minutes to complete. Therefore, both the MORNING sessid AFTERNOON
session combined will take approximately #60 minutes.

| understand that the participation in this study is elytivoluntary and | may withdraw from the
study at any time without giving any reason.

| understand that | am free to avoid responding to any queakabhfeel uncomfortable answering
and that | can discuss my concerns with Professoly Ardith via the email address mentioned
below.

| understand that the information | am providing will bedheeltally anonymous, confidential and
intended for academic research only, so that it is implessd trace this information back to me
individually. I understand that this information may be regdiindefinitely.

| also understand that at the end of the study | will be prdwdéh additional information and
feedback about the purpose of the gtud

By checking the box below and continuing, | consent to qipate in the study conducted by Mr
Michael Scott Evans (Doctoral Candidate), School of Rsggly, Cardiff University, Wales,
United Kingdom under the supervision of Professor Andy Smith.

Professor Andy Smith
School of Psychology
Cardiff University

63 Park Place

Cardiff

CF10 3AS

Tel: 029 2087 4757
Email: smithap@cf.ac.uk

Full name:

Signed:

Date:
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Appendix B

INSTRUCTIONS
MORNING SESSION

Thank you for agreeing to participate in this study. The dinh® study is to examine whether

fatigue is associated with time of day. This will be exadiusing the Psychomotor Vigilance Task,
which will be administered using mobile devices, such as thaseifactured by both Apple and

Samsung.

Please ensure yddO NOT DRINK anyCAFFEINE (e.g., coffee, energy drinks, tea, etc.) and
ALCOHOL beverages 24 hours prior to taking part in this study.

You will be asked to complete a two-part study on consecutiy® using a mobile device. These
two-parts will be the MORNING session (2 credits), whichdse® be completed in the morning
before 11:00 and the AFTERNOON session (2 credits), which neetle tmmpleted in the
afternoon after 15:00. A total of 4 credits will be awardedtfos study through EMS, upon
successful completion of the AFTERNOON session. Rpation of this study will take
approximately 25+30 minutes. Both the MORNING session and AFTERNOON sessiohineth
will take approximately 4560 minutes to complete.

Participation of the MORNING session (2 credits) willahxe completing:
1. A reaction time task (i.e., the Psychomotor VigilanceK)gduration: approximately 10
minutes).

We would like to request that you be as open and honessaible with your responses and avoid
any perceptions of what you think a desired answer mighthserdiability of the data depends on
your complete honesty. Please simply give the answerding to your opinion and your situation.
Please try to make sure you have not inadvertently m@ageany questions. For the Psychomotor
Vigilance Task, please respond as quickly as possible.

Finally, we remind you that you are free to withdraw fromshely at any point and if you feel
uncomfortable answering any of the questions, you aredreet respond to those questions.

Thank you again for your participation.
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Appendix C

MORNING User Guide for the Dolphin App

Step 1:
Load the Dolphin Apg-IRST.

Step 2:

Before you click on theu % H J L Qbuttarl WUwill need to enter the following informatiortie
boxes provided:

Trial: PVT AM
Student id: [Your Student ID]

Step 3:
Follow on screen instructions.
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Appendix D

Morning user guide for the Qualtrics App

Step 1:
Once you have completed the Reaction Time Study usinDdhmhin app, Load the Qualtrics App.

Step 2:
Clickon p6 W X G\ 0251,1* 397 7L8UKHeR| 'D\Y

Load:
Study 1: MORNING PVT Time of Day

Step 3:
You have finished the survey when you see the followingescre
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Appendix E

INSTRUCTIONS
AFTERNOON SESSION

Thank you for agreeing to participate in this study. The dinh® study is to examine whether

fatigue is associated with time of day. This will be exadiusing the Psychomotor Vigilance Task,
which will be administered using mobile devices, such as thaseifactured by both Apple and

Samsung.

Please ensure yddO NOT DRINK anyCAFFEINE (e.g., coffee, energy drinks, tea, etc.) and
ALCOHOL beverages 24 hours prior to taking part in this study.

You will be asked to complete a two-part study on consecutive uksigig a mobile device. These
two-parts will be the MORNING session (2 credits), whichdse® be completed in the morning
before 11:00 and the AFTERNOON session (2 credits), which neells tmmpleted in the
afternoon after 15:00. A total of 4 credits will be awardedtfos study through EMS, upon
successful completion of the AFTERNOON session. Rpation of this study will take
approximately 25+30 minutes. Both the MORNING session and AFTERNOON sessiohineth
will take approximately 45t60 minutes to complete.

Participation of the AFTERNOON session (2 credits) wldlve completing:
1. A reaction time task (i.e., the Psychomotor VigilanceK)gduration: approximately 10
minutes).
2. A 12-item questionnaire on your demographic information (dumafi £3 minutes).

We would like to request that you be as open and honessamble with your responses and avoid
any perceptions of what you think a desired answer mightheerdliability of the data depends on
your complete honesty. Please simply give the answerding to your opinion and your situation.
Please try to make sure you have not inadvertently misgeahy questions. For the Psychomotor
Vigilance Task, please respond as quickly as possible.

Finally, we remind you that you are free to withdraw fromshely at any point and if you feel
uncomfortable answering any of the questions, you are freetteespond to those questions.

Thank you again for your participation.
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Appendix F

AFTERNOON User Guide for the Dolphin App

Step 1:
Load the Dolphin App FIRST.

Step 2:

Before you click on theu % H J L Qbuttarl WUwill need to enter the following informatiortie
boxes provided:

Trial: PVT PM
Student id: [Your Student ID]

Step 3:
Follow on screen instructions.
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Appendix G

Afternoon user guide for the Qualtrics App

Step 1:

Once you have completed the Reaction Time Study usinDdimhin app, Load the Qualtrics App.

Step 2:
Clickon p6 W X G\ $)7(51221 397 7lsBrieyR| 'D\Y

Load:
Study 1: AFTERNOON PVT Time of Day

Step 3:
You have finished the survey when you see the followingescre
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Appendix H

DEBRIEF

Thank you for participating and completing both the MORNING&s8N and AFTERNOON session
of the Time of Day study, implemented on a mobile devicendJgie Psychomotor Vigilance Task,
the aim of this study is to examine whether fatiguesgoaiated with time of day. In other words,
whether cognitive levels of performance are associaiéctime of day. 4 Credits will be provided

to you for participating in this study.

(DFK SDUWLFLSDQWYV HOHFW U R Bspénding qatakhat\wouvidve PowibadL F L S
will be held completely anonymous, and only intended for acedesearch, so that it is impossible

to trace this information back to any individual. Only Profegsady Smith and the researcher (Mr
Michael Scott Evans) will have access to your data. Tifismation will be stored and analysed

for publication before it is destroyed, in accordance wighData Protection Act 1998.

If you have any queries or concerns about the resedeasepcontact either the researcher Michael
Scott Evans, or the supervisor Professor Andy Smith by @isergontact details below. If you are
affected by any of the issues raised in the four onlisiestaor from the sleep quality questionnaire,
then there are a number of services available throughrtiversity that is able to offer support,
which can be accessed using the following links.

Staff of Centre for Occupational and Health Psychology
Equality and diversity
http://www.cardiff.ac.uk/govrn/cocom/equalityanddiversity/index.html

Counselling service
http://www.cardiff.ac.uk/counselling/about/index.html

If you still remain unhappy with the support and wish to dampformally, you can do so via the
Cardiff University Ethics Committee:

Secretary of the Ethics Committee
School of Psychology

Cardiff University

Tower Building

Park Place

Cardiff

CF10 3AT

Tel: 029 2087 0360

Email: psychethics@cardiff.ac.uk

In addition, if you like to get any general informationtloé research findings such as published
research articles and journals, please contact Mi@wt Evans (Doctoral candidate).

Thank you for your participation.

Mr. Michael Scott Evans Professor Andy Smith

Doctoral Candidate Director/Supervisor

Centre for Occupational and Health Psychology Centre for Occupational and Health Psychology
Cardiff School of Psychology Cardiff School of Psychology

63 Park Place, Cardiff, Wales 63 Park Place, Cardiff, Wales

United Kingdom, CF10 3AS United Kingdom, CF10 3AS

Email: EvansMS3@cardiff.ac.uk Email: smithap@cardiff.ac.uk
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Appendix |

INFORMED CONSENT
AFTERNOON / MORNING

| have been invited to participate in a research studghgusbbile devices that involves completing
two-parts. The AFTERNOON session needs to be completib iafternoon (after 15:00) and the
MORNING session needs to be completed in the morning (b&faf®). Both the AFTERNOON
session and MORNING session needs to be completed on stwsetays and will each take
between 25+30 minutes to complete. Therefore, both the AFTERNOGIdiese and MORNING
session combined will take approximately #60 minutes.

| understand that the participation in this study is egtweluntary and | may withdraw from the
study at any time without giving any reason.

| understand that | am free to avoid responding to any queakabh feel uncomfortable answering
and that | can discuss my concerns with Professoly Awdith via the email address mentioned
below.

| understand that the information | am providing will bedhieitally anonymous, confidential and
intended for academic research only, so that it is implessd trace this information back to me
individually. 1 understand that this information may be regdiindefinitely.

| also understand that at the end of the study | will be prdwdiéh additional information and
feedback about the purpose of the gtud

By checking the box below and continuing, | consent to @patie in the study conducted by Mr
Michael Scott Evans (Doctoral Candidate), School of Rsggy, Cardiff University, Wales,
United Kingdom under the supervision of Professor Andy Smith.

Professor Andy Smith
School of Psychology
Cardiff University

63 Park Place

Cardiff

CF10 3AS

Tel: 029 2087 4757
Email: smithap@cf.ac.uk

Full name:

Signed:

Date:
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Appendix J

INSTRUCTIONS
AFTERNOON SESSION

Thank you for agreeing to participate in this study. The dinh® study is to examine whether
fatigue is associated with time of day. This will be exadiusing the Psychomotor Vigilance Task,
which will be administered using mobile devices, such as timaswifactured by both Apple and
Samsung.

Please ensure yddO NOT DRINK anyCAFFEINE (e.g., coffee, energy drinks, tea, etc.) and
ALCOHOL beverages 24 hours prior to taking part in this study

You will be asked to complete a two-part study on consecutive uksigig a mobile device. These
two-parts will be the AFTERNOON session (2 credits), whiclia¢e be completed in the morning
before 11:00 and the MORNING session (2 credits), which needsdorbpleted in the afternoon
after 15:00. A total of 4 credits will be awarded for this stuthpugh EMS, upon successful
completion of the MORNING session. Participationta$ tstudy will take approximately 2%30
minutes. Both the AFTERNOON session and MORNING session c@ahlwill take approximately
45 +60 minutes to complete.

Participation of the AFTERNOON session (2 credits) wldlve completing:
1. A reaction time task (i.e., the Psychomotor VigilanceKk)gduration: approximately 10
minutes).

We would like to request that you be as open and honessamble with your responses and avoid
any perceptions of what you think a desired answer mightHeerdliability of the data depends on

your complete honesty. Please simply give the ansveerdiag to your opinion and your situation.

Please try to make sure you have not inadvertently misgeahy questions. For the Psychomotor
Vigilance Task, please respond as quickly as possible.

Finally, we remind you that you are free to withdraw fromghely at any point and if you feel
uncomfortable answering any of the questions, you are freet teespond to those questions.

Thank you again for your participation.
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Appendix K

AFTERNOON User Guide for the Dolphin App

Step 1:
Load the Dolphin App FIRST.

Step 2:

Before you click on theu % H J L Qbuttarl WUwill need to enter the following informatiortie
boxes provided:

Trial: PVT PM
Student id: [Your Student ID]

Step 3:
Follow on screen instructions.
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Appendix L

Afternoon user guide for the Qualtrics App

Step 1:

Once you have completed the Reaction Time Study usingdlmin app, Load the Qualtrics App.

Step 2:
Clickon p6 W X G\ $)7(51221 397 7lsBrikeyR1 'D\ Y

Load:
Study 2 AFTERNOON PVT Time of Day

Step 3:
You have finished the survey when you see the followingescre

354



Appendix M

INSTRUCTIONS
MORNING SESSION

Thank you for agreeing to participate in this study. The dithe study is to examine whether
fatigue is associated with time of day. This will be exadiusing the Psychomotor Vigilance Task,
which will be administered using mobile devices, such as thaseifactured by both Apple and

Samsung.

Please ensure yddO NOT DRINK anyCAFFEINE (e.g., coffee, energy drinks, tea, etc.) and
ALCOHOL beverages 24 hours prior to taking part in this study.

You will be asked to complete a two-part study on consecutive uksiig a mobile device. These
two-parts will be the AFTERNOON session (2 credits), whiclua¢e be completed in the morning
before 11:00 and the MORNING session (2 credits), which needsdonty@eted in the afternoon
after 15:00. A total of 4 credits will be awarded for this stuthpugh EMS, upon successful
completion of the MORNING session. Participation s tstudy will take approximately 2%30
minutes. Both the AFTERNOON session and MORNING session ceaiwiill take approximately
45 +60 minutes to complete.

Participation of the MORNING session (2 credits) willahxe completing:
1. A reaction time task (i.e., the Psychomotor VigilanceK)gduration: approximately 10
minutes).
2. A 12-item questionnaire on your demographic information (dumafi £3 minutes).

We would like to request that you be as open and honessamble with your responses and avoid
any perceptions of what you think a desired answer mightHeerdliability of the data depends on
your complete honesty. Please simply give the answerding to your opinion and your situation.

Please try to make sure you have not inadvertently misgeahy questions. For the Psychomotor
Vigilance Task, please respond as quickly as possible.

Finally, we remind you that you are free to withdraw fromghely at any point and if you feel
uncomfortable answering any of the questions, you are freet teespond to those questions.

Thank you again for your participation.
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Appendix N

MORNING User Guide for the Dolphin App

Step 1:
Load the Dolphin Apg-IRST.

Step 2:

Before you click on theu % H J L Qbuttarl WUwill need to enter the following informatiortie
boxes provided:

Trial: PVT AM
Student id: [Your Student ID]

Step 3:
Follow on screen instructions.
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Appendix O

Morning user guide for the Qualtrics App

Step 1:
Once you have completed the Reaction Time Study usingdlmin app, Load the Qualtrics App.

Step 2:
Clickon p6 W X G\ 0251,1* 397'DLBuHeRr |

Load:
Study 2 MORNING PVT Time of Day

Step 3:
You have finished the survey when you see the followingescre
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Appendix P

DEBRIEF

Thank you for participating and completing both the AFTERNCGE@8Eion and MORNING session
of the Time of Day study, implemented on a mobile devicendJgie Psychomotor Vigilance Task,
the aim of this study is to examine whether fatiguessaiated with time of day. In other words,
whether cognitive levels of performance are associatidtime of day. 4 Credits will be provided

to you for participating in this study.

(DFK SDUWLFLSDQWYV HOHFWUR QHN FRQY HTIWGHNRH B/iAesVD MF \ B
will be held completely anonymous, and only intended for acadesearch, so that it is impossible

to trace this information back to any individual. Only Profegsady Smith and the researcher (Mr
Michael Scott Evans) will have access to your data. Thisnmdtion will be stored and analysed

for publication before it is destroyed, in accordance wighData Protection Act 1998.

If you have any queries or concerns about the resedeasepcontact either the researcher Michael
Scott Evans, or the supervisor Professor Andy Smith by @ilsérgontact details below. If you are
affected by any of the issues raised in the four onliskestaor from the sleep quality questionnaire,
then there are a number of services available throughrtiversity that is able to offer support,
which can be accessed using the following links.

Staff of Centre for Occupational and Health Psychology
Equality and diversity
http://www.cardiff.ac.uk/govrn/cocom/equalityanddiversity/index.html

Counselling service
http://www.cardiff.ac.uk/counselling/about/index.html

If you still remain unhappy with the support and wish to dampformally, you can do so via the
Cardiff University Ethics Committee:

Secretary of the Ethics Committee
School of Psychology

Cardiff University

Tower Building

Park Place

Cardiff

CF10 3AT

Tel: 029 2087 0360

Email: psychethics@cardiff.ac.uk

In addition, if you like to get any general informationtleé research findings such as published
research articles and journals, please contact Mi@wt Evans (Doctoral candidate).

Thank you for your participation.

Mr. Michael Scott Evans Professor Andy Smith

Doctoral Candidate Director/Supervisor

Centre for Occupational and Health Psychology Centre for Occupational and Health Psychology
Cardiff School of Psychology Cardiff School of Psychology

63 Park Place, Cardiff, Wales 63 Park Place, Cardiff, Wales

United Kingdom, CF10 3AS United Kingdom, CF10 3AS

Email: EvansMS3@cardiff.ac.uk Email: smithap@cardiff.ac.uk
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Appendix Q
INFORMED CONSENT

HIGH SIMULATED WORKLOAD

| have been invited to participate in a research studyinkialves completing two-parts on two
different days; HIGH simulated workload and LOW simulated watlosing a mobile device.
Both the HIGH simulated workload session and LOW simulated wadktession will each take
between 55+60 minutes to complete. Therefore, when combining the HI@idlated workload
session and LOW simulated workload session, this study walapproximately 11120 minutes
to complete.

| understand that the participation in this study is elytivoluntary and | may withdraw from the
study at any time without giving any reason.

| understand that | am free to avoid responding to any quekabhfeel uncomfortable answering
and that | can discuss my concerns with Professor Ardigh via the email address mentioned
below.

| understand that the information | am providing will bedheltally anonymous, confidential and
intended for academic research only, so that it is implessy trace this information back to me
individually. 1 understand that this information may be regdiindefinitely.

| also understand that at the end of the study | will beiged with additional information and
feedback about the purpose of the study.

By checking the box below and continuing, | consent ttgiaate in the study conducted by Mr
Michael Scott Evans (Doctoral Candidate), School of Rslpgy, Cardiff University, Wales,
United Kingdom under the supervision of Professor Andy Smith.

Professor Andy Smith
School of Psychology
Cardiff University

63 Park Place

Cardiff

CF10 3AS

Tel: 029 2087 4757
Email: smithap@cf.ac.uk

Full name:

Signed:

Date:
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Appendix R

INSTRUCTIONS
HIGH SIMULATED WORKLOAD

Thank you for agreeing to participate in this study. The @firthe study is to examine whether
fatigue is associated with simulated workload. This will kene@ned through a series of cognitive
tasks, which will be administered remotely using Qualtricsoalme external software survey
platform, as well as using the using the Psychomotor Viglarask, which will be administered
using mobile devices, such as those manufactured by botk ApglSamsung.

Please ensure yddO NOT DRINK anyCAFFEINE (e.g., coffee, energy drinks, tea, etc.) and
ALCOHOL beverages 24 hours prior to taking part in this study.

You are required to complete a two-part study using a mobile déhhese are divided into two
different days, a HIGH simulated workload day (5 credits) ahOW simulated workload day (5
credits). A total of 10 credits will be awarded for thigdst through EMS or £20 upon successful
completion of ALL two-parts. Participation of this studyl take approximately 55+60 minutes.
All two-parts combined will take approximately 1120 minutes to complete.

This is theHIGH simulated workload day session. Participation of thisigaswill involve
completing:

1. Areaction time task (i.e., the Psychomotor VigilanceK) dduration: 5 minutes).
2. Cognitive performance tasks:

a. Logic processing task (duration: 8 minutes).

b. Semantic word processing task (duration: 8 minutes).

c. Semantic picture processing task (duration: 8 minutes).

d. Serial search test (duration: 8 minutes).
3. Areaction time task (i.e., the Psychomotor VigilanceK) &duration: 5 minutes).

We would like to request that you be as open and honestsibleovith your responses and avoid
any perceptions of what you think a desired answer mightheerdliability of the data depends on
your complete honesty. Please simply give the answerding to your opinion and your situation.
Please try to make sure you have not inadvertently misgsedny questions. For the cognitive
performance task as well as the psychomotor vigilance tdsise respond as quickly and as
accurately as possible.

Finally, we remind you that you are free to withdraw from tigl\s at any point and if you feel
uncomfortable answering any of the questions, you are fneet teespond to those questions.

Thank you again for your participation.
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Appendix S

Reaction Time Study
User Guide for the Dolphin App

Step 1:
Load the Dolphin app.

Step 2:

Before you click on theu 6 W D U Wutldn LyDuOmMill need to enter the following informatiortie

boxes provided:

Session Type:
ID:
Confirm ID (As above)

As instructed by the experimenter
[Your Student ID, e.g., 1573709]
(Re-enter your Student ID, e.g., 1573709]

e

Step 3:
Follow on-screen instructions.

Session Type:
Please select as instructed.

ID:

Please enter your student ID (e.g., 1573709).

Careful not to make a mistake.
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Appendix T

Cognitive Performance Tasks (Simulated Workload) 2

Step 1:
Once you have completed the Reaction Time Study usingdlpdin app, Load the Qualtrics

App.

Step 2:
Clickon u6LPXODWHG slRVeyNORD G I

Load:
Simulated Workload

Step 3:
Thenclickonu7DNH 6 XUYH\T

Take Survey.
Simulated Workload
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Step 4:
Follow the on-screen instructions

Step 5:
You have finished the simulated workload section when yothee®llowing on-screen message below.
Please grabV KH H[SHULPHQWHUYV DWWHQWLRQ XSRQ YLHZ RI WKLV

Step 6:
S3OHDVH JUDE WKH H[SHULPHQW HER[YFHoREWHEEHMER Q XSRQ YLHZ |
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Appendix U

Reaction Time Study
User Guide for the Dolphin App

Step 1:
Load the Dolphin app.

Step 2:

Before you click on theu 6 W D U Wufldo LyDuOMill need to enter the following informatiorthe

boxes provided:

Session Type:
ID:
Confirm ID (As above)

As instructed by the experimenter
[Your Student ID, e.g., 1573709]
(Re-enter your Student ID, e.g., 1573709]

e

Step 3:
Follow on-screen instructions.

Session Type:
Please select as instructed.

ID:

Please enter your student ID (e.g., 1573709).

Careful not to make a mistake.
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Appendix V

INFORMED CONSENT

LOW SIMULATED WORKLOAD

| have been invited to participate in a research studyinkalves completing two-parts on two
different days; HIGH simulated workload and LOW simulated wadlosing a mobile device.
Both the HIGH simulated workload session and LOW simulated wadktession will each take
between 55+60 minutes to complete. Therefore, when combining the HI@idlated workload
session and LOW simulated workload session, this study walapproximately 11120 minutes
to complete.

| understand that the participation in this study is elytivoluntary and | may withdraw from the
study at any time without giving any reason.

| understand that | am free to avoid responding to any quekabhfeel uncomfortable answering
and that | can discuss my concerns with Professor Ardigh via the email address mentioned
below.

| understand that the information | am providing will bednietally anonymous, confidential and
intended for academic research only, so that it is implessy trace this information back to me
individually. 1 understand that this information may be regdiindefinitely.

| also understand that at the end of the study | will beiged with additional information and
feedback about the purpose of the study.

By checking the box below and continuing, | consent taguaate in the study conducted byrM
Michael Scott Evans (Doctoral Candidate), School of Relgpgy, Cardiff University, Wales,
United Kingdom under the supervision of Professor Andy Smith.

Professor Andy Smith
School of Psychology
Cardiff University

63 Park Place

Cardiff

CF10 3AS

Tel: 029 2087 4757
Email: smithap@cf.ac.uk

Full name:

Signed:

Date:
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Appendix W

INSTRUCTIONS
LOW SIMULATED WORKLOAD

Thank you for agreeing to participate in this study. The @firthe study is to examine whether
fatigue is associated with simulated workload. This will kene@ned through a series of cognitive
tasks, which will be administered remotely using Qualtricsoalme external software survey
platform, as well as using the using the Psychomotor Viglarask, which will be administered
using mobile devices, such as those manufactured by botk ApglSamsung.

Please ensure yddO NOT DRINK anyCAFFEINE (e.g., coffee, energy drinks, tea, etc.) and
ALCOHOL beverages 24 hours prior to taking part in this study.

You are required to complete a two-part study using a mobile déhhese are divided into two
different days, a HIGH simulated workload day (5 credits) ahOW simulated workload day (5
credits). A total of 10 credits will be awarded for thigdst through EMS or £20 upon successful
completion of ALL two-parts. Participation of this studyl take approximately 55+60 minutes.
All two-parts combined will take approximately 1120 minutes to complete.

This is theLOW simulated workload day session. Participation of this @essill involve
completing:
1. Areaction time task (i.e., the Psychomotor Vigilancek) &duration: 5 minutes).
2. Watching a television show e.g., The Big Bang Theory (dur&minutes).
3. Areaction time task (i.e., the Psychomotor VigilanceK)dduration: 5 minutes).
4. Questionnaires
a. A 12-item questionnaire on your demographic information (dumafi £3 minutes).

We would like to request that you be as open and honesssiblgovith your responses and avoid
any perceptions of what you think a desired answer mightheerdliability of the data depends on

your complete honesty. Please simply give the answerdiag to your opinion and your situation.

Please try to make sure you have not inadvertently missedny questions. For the cognitive

performance task as well as the psychomotor vigilance tdsise respond as quickly and as
accurately as possible.

Finally, we remind you that you are free to withdraw from tiugl\s at any point and if you feel
uncomfortable answering any of the questions, you are freet teespond to those questions.

Thank you again for your participation.
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Appendix X

Reaction Time Study
User Guide for the Dolphin App

Step 1:
Load the Dolphin app.

Step 2:

Before you click on theu 6 W D U Wufldo LyDuOMill need to enter the following informatiorthe

boxes provided:

Session Type:
ID:
Confirm ID (As above)

As instructed by the experimenter
[Your Student ID, e.g., 1573709]
(Re-enter your Student ID, e.g., 1573709]

e

Step 3:
Follow on-screen instructions.

Session Type:
Please select as instructed.

ID:

Please enter your student ID (e.g., 1573709).

Careful not to make a mistake.
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Appendix Y

Television Show
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Appendix Z

Reaction Time Study
User Guide for the Dolphin App

Step 1:
Load the Dolphin app.

Step 2:

Before you click on theu 6 W D U Wufldo LyDuOMill need to enter the following informatiorthe

boxes provided:

Session Type:
ID:
Confirm ID (As above)

As instructed by the experimenter
[Your Student ID, e.g., 1573709]
(Re-enter your Student ID, e.g., 1573709]

e

Step 3:
Follow on-screen instructions.

Session Type:
Please select as instructed.

ID:

Please enter your student ID (e.g., 1573709).

Careful not to make a mistake.
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Appendix AA

Qualtrics p'D\  +LJK /RZ 4XHVWLRQ

O
—
Cc

Step 1:
Once you have completed the second Reaction Time Studytbsimplphin app, Load the
Qualtrics App once again.

Step 2:
Clickonu'D\  +LJK /RZ 4XHWWERQQDLUHT

Load:
Day 2 High/Low Questionnaire

Step 3:
Thenclickonu7DNH 6 XUYH\T

Take Survey:.
Day 2 High/Low Questionnaire

Step 4:
Once you have completed the Questionnaire, please hanthevEthone to the experimenter.
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Appendix BB

DEBRIEF

Thank you for participating and completing all two-partshef workload study, implemented on a
mobile device. Using the cognitive performance tasks as wélegsiychomotor vigilance task, the
aim of this study is to examine whether fatigue is astetiavith simulated workload. In other

words, whether cognitive levels of performance are @ssatwith simulated workload. 10 Credits
or £20 will be provided to you for participating in this study.

(DFK SDUWLFLSDQWYVY HOHFWURQUH VFERYE QAU \ R VED WAKIDFW S
will be held completely anonymous, and only intended fod@audc research, so that it is impossible

to trace this information back to any individual. Only Profegsaly Smith and the researcher (Mr
Michael Scott Evans) will have access to your data. Thisnrdton will be stored and analysed

for publication before it is destroyed, in accordance wighData Protection Act 1998.

If you have any queries or concerns about the resqalease contact either the researcher Michael
Scott Evans, or the supervisor Professor Andy Smith by tisengontact details below. If you are
affected by any of the issues raised in the four onligsiestaor from the sleep quality questionnaire,
then there are a number of services available througbrtiversity that is able to offer support,
which can be accessed using the following links.

Staff of Centre for Occupational and Health Psychology
Equality and diversity
http://www.cardiff.ac.uk/govrn/cocom/equalityanddiversity/index.html

Counselling service
http://www.cardiff.ac.uk/counselling/about/index.html

If you still remain unhappy with the support and wish to glain formally, you can do so via the
Cardiff University Ethics Committee:

Secretary of the Ethics Committee
School of Psychology

Cardiff University

Tower Building

Park Place

Cardiff

CF10 3AT

Tel: 029 2087 0360

Email: psychethics@cardiff.ac.uk

In addition, if you like to get any general informationtleé research findings such as published
research articles and journals, please contact Mi@wt Evans (Doctoral candidate).

Thank you for your participation.

Mr. Michael Scott Evans Professor Andy Smith

Doctoral Candidate Director/Supervisor

Centre for Occupational and Health Psychology Centre for Occupational and Health Psychology
Cardiff School of Psychology Cardiff School of Psychology

63 Park Place, Cardiff, Wales 63 Park Place, Cardiff, Wales

United Kingdom, CF10 3AS United Kingdom, CF10 3AS

Email: EvansMS3@cardiff.ac.uk Email: smithap@cardiff.ac.uk

371



Appendix CC

INFORMED CONSENT

LOW SIMULATED WORKLOAD

| have been invited to participate in a research studyinkialves completing two-parts on two
different days; LOW simulated workload and HIGH simulated woa#tl using a mobile device.
Both the LOW simulated workload session and HIGH simulatedload session will each take
between 55+60 minutes to complete. Therefore, when combining the L@Wilated workload
session and HIGH simulated workload session, this study wallapproximately 11@G120 minutes
to complete.

| understand that the participation in this study is elytivoluntary and | may withdraw from the
study at any time without giving any reason.

| understand that | am free to avoid responding to any queakabhfeel uncomfortable answering
and that | can discuss my concerns with Professor Ardigh via the email address mentioned
below.

| understand that the information | am providing will bedhitally anonymous, confidential and
intended for academic research only, so that it is implessd trace this information back to me
individually. 1 understand that this information may be regdiindefinitely.

| also understand that at the end of the study | will beiged with additional information and
feedback about the purpose of the study.

By checking the box below and continuing, | consent tagyaate in the study conducted by Mr
Michael Scott Evans (Doctoral Candidate), School of Rslpgy, Cardiff University, Wales,
United Kingdom under the supervision of Professor Andy Smith.

Professor Andy Smith
School of Psychology
Cardiff University

63 Park Place

Cardiff

CF10 3AS

Tel: 029 2087 4757
Email: smithap@cf.ac.uk

Full name:

Signed:

Date:

372



Appendix DD

INSTRUCTIONS
LOW SIMULATED WORKLOAD

Thank you for agreeing to participate in this study. The @irthe study is to examine whether
fatigue is associated with simulated workload. This will xenened through a series of cognitive
tasks, which will be administered remotely using Qualtricsoalme external software survey
platform, as well as using the using the Psychomotor Viglarask, which will be administered
using mobile devices, such as those manufactured by botle ApgdlSamsung.

Please ensure yddO NOT DRINK anyCAFFEINE (e.g., coffee, energy drinks, tea, etc.) and
ALCOHOL beverages 24 hours prior to taking part in this study.

You are required to complete a two-part study using a mobile dévhese are divided into two
different days, a LOW simulated workload day (5 credits) amIGH simulated workload day (5
credits). A total of 10 credits will be awarded for thigdst through EMS or £20 upon successful
completion of ALL two-parts. Participation of this studill take approximately 5560 minutes.
All two-parts combined will take approximately 11120 minutes to complete.

This is theLOW simulated workload day session. Participation of this @essill involve
completing:

1. Areaction time task (i.e., the Psychomotor VigilanceK)#duration: 5 minutes).

2. Watching a television show e.g., The Big Bang Theory (dur&ibminutes).

3. Areaction time task (i.e., the Psychomotor VigilanceK)dduration: 5 minutes).

We would like to request that you be as open and honesssiblpowith your responses and avoid
any perceptions of what you think a desired answer mightheerdliability of the data depends on

your complete honesty. Please simply give the answerding to your opinion and your situation.

Please try to make sure you have not inadvertently missedny questions. For the cognitive
performance task as well as the psychomotor vigilance pdsise respond as quickly and as
accurately as possible.

Finally, we remind you that you are free to withdraw from tiuglys at any point and if you feel
uncomfortable answering any of the questions, you are freet teespond to those questions.

Thank you again for your participation.
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Appendix EE

Reaction Time Study
User Guide for the Dolphin App

Step 1:
Load the Dolphin app.

Step 2:

Before you click on theu 6 W D U Wufldo LyDuOMill need to enter the following informatiorthe

boxes provided:

Session Type:
ID:
Confirm ID (As above)

As instructed by the experimenter
[Your Student ID, e.g., 1573709]
(Re-enter your Student ID, e.g., 1573709]

e

Step 3:
Follow on-screen instructions.

Session Ty:
Please select as instructed.

ID:

Please enter your student ID (e.g., 1573709).

Careful not to make a mistake.
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Appendix FF

Television Show
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Appendix GG

Reaction Time Study
User Guide for the Dolphin App

Step 1:
Load the Dolphin app.

Step 2:

Before you click on theu 6 W D U Wutldn LyDuOmMill need to enter the following informatiortie

boxes provided:

Session Type:
ID:
Confirm ID (As above)

As instructed by the experimenter
[Your Student ID, e.g., 1573709]
(Re-enter your Student ID, e.g., 1573709]

e

Step 3:
Follow on-screen instructions.

Session Type:
Please select as instructed.

ID:

Please enter your student ID (e.g., 1573709).

Careful not to make a mistake.
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Appendix HH

INFORMED CONSENT

HIGH SIMULATED WORKLOAD

| have been invited to participate in a research studyitkalves completing two-parts on two
different days; LOW simulated workload and HIGH simulated wia#l using a mobile device.
Both the LOW simulated workload session and HIGH simulatedload session will each take
between 55+60 minutes to complete. Therefore, when combining the L@Wilated workload
session and HIGH simulated workload session, this study wilkaeoximately 110:120 minutes
to complete.

| understand that the participation in this study is elytivoluntary and | may withdraw from the
study at any time without giving any reason.

| understand that | am free to avoid responding to any quekabhfeel uncomfortable answering
and that | can discuss my concerns with Professor Ardigh via the email address mentioned
below.

| understand that the information | am providing will bedhnetally anonymous, confidential and
intended for academic research only, so that it is implesgd trace this information back to me
individually. 1 understand that this information may be regdiindefinitely.

| also understand that at the end of the study | will beiged with additional information and
feedback about the purpose of the study.

By checking the box below and continuing, | consent tagyaate in the study conducted by Mr
Michael Scott Evans (Doctoral Candidate), School of Ralpgy, Cardiff University, Wales,
United Kingdom under the supervision of Professor Andy Smith.

Professor Andy Smith
School of Psychology
Cardiff University

63 Park Place

Cardiff

CF10 3AS

Tel: 029 2087 4757
Email: smithap@cf.ac.uk

Full name:

Signed:

Date:
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Appendix Il

INSTRUCTIONS
HIGH SIMULATED WORKLOAD

Thank you for agreeing to participate in this study. The @firthe study is to examine whether
fatigue is associated with simulated workload. This will xengined through a series of cognitive
tasks, which will be administered remotely using Qualtricoalme external software survey
platform, as well as using the using the Psychomotor Vigldarask, which will be administered
using mobile devices, such as those manufactured by botlk ApdlSamsung.

Please ensure yddO NOT DRINK anyCAFFEINE (e.g., coffee, energy drinks, tea, etc.) and
ALCOHOL beverages 24 hours prior to taking part in this study.

You are required to complete a two-part study using a mobile déhhese are divided into two
different days, a LOW simulated workload day (5 credits) amIGH simulated workload day (5
credits). A total of 10 credits will be awarded for thigdst through EMS or £20 upon successful
completion of ALL two-parts. Participation of this studyl take approximately 55+60 minutes.
All two-parts combined will take approximately 11120 minutes to complete.

This is theHIGH simulated workload day session. Participation of thisigaswill involve
completing:

1. Areaction time task (i.e., the Psychomotor VigilanceK) dduration: 5 minutes).
2. Cognitive performance tasks:
a. Logic processing task (duration: 8 minutes).
b. Semantic word processing task (duration: 8 minutes).
c. Semantic picture processing task (duration: 8 minutes).
d. Serial search test (duration: 8 minutes).
3. Areaction time task (i.e., the Psychomotor VigilanceK)dduration: 5 minutes).
4. Questionnaires
a. A 12-item questionnaire on your demographic information (dumafi £3 minutes).

We would like to request that you be as open and honesssibleovith your responses and avoid
any perceptions of what you think a desired answer mightheerdiability of the data depends on
your complete honesty. Please simply give the answerding to your opinion and your situation.

Please try to make sure you have not inadvertently misgsedny questions. For the cognitive

performance task as well as the psychomotor vigilance tdsise respond as quickly and as
accurately as possible.

Finally, we remind you that you are free to withdraw from tiuglys at any point and if you feel
uncomfortable answering any of the questions, you are freet t@spond to those questions.

Thank you again for your participation.

378



Appendix JJ

Reaction Time Study
User Guide for the Dolphin App

Step 1:
Load the Dolphin app.

Step 2:

Before you click on theu 6 W D U Wufldo LyDuOMill need to enter the following informatiorthe

boxes provided:

Session Type:
ID:
Confirm ID (As above)

As instructed by the experimenter
[Your Student ID, e.g., 1573709]
(Re-enter your Student ID, e.g., 1573709]

e

Step 3:
Follow on-screen instructions.

Session Type:
Please select as instructed.

ID:

Please enter your student ID (e.g., 1573709).

Careful not to make a mistake.

379




Appendix KK

Cognitive Performance Tasks (Simulated Workload)

Step 1: 2

Once you have completed the Reaction Time Study usingdipdin app, Load the Qualtrics

App.

Step 2:
Clickon u6LPXODWHG slRVeyNORD G |

Load:
Simulated Workload

Step 3:
Thenclickonu7DNH 6 XUYH\T

Take Survey.
Simulated Workload

Step 4:
Follow the on-screen instructions
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Step 5:
You have finished the simulated workload section when yothsem®llowing on-screen message below.
Please grabV KH H[SHULPHQWHUYV DWWHQWLRQ XSRQ YLHZ RI WKLV

Step 6:
S3OHDVH JUDE WKH H[SHULPHQW HER[YFFoREWHEREHMER Q XSRQ YLHZ |
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Appendix LL

Reaction Time Study
User Guide for the Dolphin App

Step 1:
Load the Dolphin app.

Step 2:

Before you click on theu 6 W D U Wufldo LyDuOMill need to enter the following informatiorte

boxes provided:

Session Type:
ID:
Confirm ID (As above)

As instructed by the experimenter
[Your Student ID, e.g., 1573709]
(Re-enter your Student ID, e.g., 1573709]

e

Step 3:
Follow on-screen instructions.

Session Type:
Please select as instructed.

ID:

Please enter your student ID (e.g., 1573709).

Careful not to make a mistake.
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Appendix MM

Qualtrics u'D\ /RZ +LJK 4XHVWLRQG®

Step 1:
Once you have completed the second Reaction Time Studytbsimplphin app, Load the
Qualtrics App once again.

Step 2:
Clickonpu'D\  /RZ +LJK 4XHWWMeRQQDLUHY

Load:
Day 2 Low/High Questionnaire

Step 3:
Thenclickonu7DNH 6 XUYH\T

Take Survey:.
Day 2 Low/High Questionnaire

Step 4.
Once you have completed the Questionnaire, please hanthevEthone to the experimenter.
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Appendix NN

DEBRIEF

Thank you for participating and completing all two-partshef workload study, implemented on a
mobile device. Using the cognitive performance tasks as wileégsychomotor vigilance task, the
aim of this study is to examine whether fatigue is astetiavith simulated workload. In other

words, whether cognitive levels of performance are aaativith simulated workload. 10 Credits
or £20 will be provided to you for participating in this study.

(DFK SDUWLFLSDQWYVY HOHFWURQUH VFERYE QAU \ R VED WAKIDFW S
will be held completely anonymous, and only intended for anadesearch, so that it is impossible

to trace this information back to any individual. Only Profegsaly Smith and the researcher (Mr
Michael Scott Evans) will have access to your data. Thignton will be stored and analysed

for publication before it is destroyed, in accordance wighData Protection Act 1998.

If you have any queries or concerns about the resqalease contact either the researcher Michael
Scott Evans, or the supervisor Professor Andy Smith mgubke contact details below. If you are
affected by any of the issues raised in the four onlisiestar from the sleep quality questionnaire,
then there are a number of services available througbrtiversity that is able to offer support,
which can be accessed using the following links.

Staff of Centre for Occupational and Health Psychology
Equality and diversity
http://www.cardiff.ac.uk/govrn/cocom/equalityanddiversity/index.html

Counselling service
http://www.cardiff.ac.uk/counselling/about/index.html

If you still remain unhappy with the support and wish to plain formally, you can do so via the
Cardiff University Ethics Committee:

Secretary of the Ethics Committee
School of Psychology

Cardiff University

Tower Building

Park Place

Cardiff

CF10 3AT

Tel: 029 2087 0360

Email: psychethics@cardiff.ac.uk

In addition, if you like to get any general informationtloé research findings such as published
research articles and journals, please contact Miclamt §vans (Doctoral candidate).

Thank you for your participation.

Mr. Michael Scott Evans Professor Andy Smith

Doctoral Candidate Director/Supervisor

Centre for Occupational and Health Psychology Centre for Occupational and Health Psychology
Cardiff School of Psychology Cardiff School of Psychology

63 Park Place, Cardiff, Wales 63 Park Place, Cardiff, Wales

United Kingdom, CF10 3AS United Kingdom, CF10 3AS

Email: EvansMS3@cardiff.ac.uk Email: smithap@cardiff.ac.uk
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Appendix OO

INFORMED CONSENT

| have been invited to participate in a research studyinkiatves completing four-parts on two
different days; LOW workload (i.e., spare driver) and HI®étkload (i.e., a difficult diagram), at
two different time points (BEFORE diagram and AFTER diagrasing a mobile device. A total
of £20 will be awarded to participants, upon successful coioplef all four-parts. All payments
will be made via pre-written cheques. Participation of thidystvill take approximately 1520
minutes per session. All four-sessions combined will take apprteiyn80 =80 minutes to
complete.

| understand that the participation in this study is ehtivoluntary and | may withdraw from the
study at any time without giving any reason.

| understand that | am free to avoid responding to any quekabhfeel uncomfortable answering
and that | can discuss my concerns with Professor Amgh via the email address mentioned
below.

| understand that the information | am providing will be helkélly anonymous and intended for
academic research only, so that it is impossible tetitsis information back to me individually. |
understand that this information may be retained indelfynite

| also understand that at the end of the study | will beiged with additional information and
feedback about the purpose of the study.

By signing below, | consent to participate in the study comdutly Mr Michael Scott Evans
(Doctoral Candidate), School of Psychology, Cardiff Ursitg, Wales, United Kingdom under the
supervision of Professor Andy Smith.

Professor Andy Smith
School of Psychology
Cardiff University

63 Park Place

Cardiff

CF10 3AS

Tel: 029 2087 4757
Email: smithap@cf.ac.uk

Full name:

Signed:

Date:
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Appendix PP

INFORMATION SHEET
HIGH WORKLOAD BEFORE DIAGRAM

Thank you for agreeing to participate in this study. The @firthe study is to examine whether
fatigue is associated with workload. This will be examinedgiie Psychomotor Vigilance Task,
which will be administered using an Apple iPhone 6s Plus.

You will be kindly asked to complete a four-part study using ailmalevice. These are divided
into two different days, a LOW workload (i.e., spare dijiand HIGH workload (i.e., a difficult
diagram), at two different time points (BEFORE diagrard &FrTER diagram) using a mobile
device. A total of £20 will be awarded to participants, upon suitdessnpletion of all four-parts.
All payments will be made via pre-written cheques. Partimpaof this study will take
approximately 15+20 minutes per session. All four-sessions combined will takezippately 60
+80 minutes to complete.

This is theHIGH workload dayBEFORE diagram session. Participation of this session withivme
completing:

3. Areaction time task (duration: 10 minutes);

4. A 12-item questionnaire on your sleep quality (duration: apprateiy 1 - 3 minutes).

We would like to request that you be as open and honessamblgowith your responses and avoid
any perceptions of what you think a desired answer mighthgerdliability of the data depends on
your complete honesty for the sleep quality questionnBlease simply give the answer according
to your opinion and your situation. Please try to make sowehgve not inadvertently missed out
any questions. For the reaction time task, please resgoquickly as possible.

Finally, we remind you that you are free to withdraw from the studyat any point and if you
feel uncomfortable answering any of the questions, you are free twt respond to those

guestions.

Thank you again for your participation.
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Appendix QQ

ATW zDay 1: Session 1
Step 1:
Launch theReaction Timeapp.

Step 2:

Enter both youlolunteer Number andPassword provided by the experimenter.

Enter:
Volunteer Number: 5188

Password: 504

Step 3: Step 4: Step 5:
Tap anywhere on the SelectDay 1: Session 1 Make sure youBession
screen to continue. then tapContinue. andVolunteer ID are

correct, then tagontinue.

Step 6:
Follow theon-screen
Instructions carefully and

tap Start to begin.
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Appendix RR

ATW zDay 1: Session 1
Step 1:
Launch theQualtrics Surveysapp.

Step 2:
Clickonthepu$7: £D\ 6HV VAR 1

Select
ATW zDay 1: Session 1

Step 3:
Thentaponu7DNH 6 XUYH\T

Tap:
Take Survey

Step 4:
Once you have completed the questionnaire, you are done!
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Appendix SS

INFORMATION SHEET
HIGH WORKLOAD AFTER DIAGRAM

Thank you for agreeing to participate in this study. The @firthe study is to examine whether
fatigue is associated with workload. This will be examinedgiihe Psychomotor Vigilance Task,
which will be administered using an Apple iPhone 6s Plus.

You will be kindly asked to complete a four-part study using ailealevice. These are divided
into two different days, a LOW workload (i.e., spare djiand HIGH workload (i.e., a difficult
diagram), at two different time points (BEFORE diagrard &FrTER diagram) using a mobile
device. A total of £20 will be awarded to participants, upon suitdessnpletion of all four-parts.
All payments will be made via pre-written cheques. Partipaof this study will take
approximately 15+20 minutes per session. All four-sessions combined will takezippately 60
+80 minutes to complete.

This is theHIGH workload dayAFTER diagram session. Participation of this session nibive
completing:

1. Areaction time task (duration: 10 minutes);

2. An 8-item questionnaire on your workload (duration: approximédtehinute).

3. A 10-item questionnaire on your demographic information (dumafi £3 minutes).

We would like to request that you be as open and honestsiblgovith your responses and avoid
any perceptions of what you think a desired answer mightheerdliability of the data depends on

your complete honesty for the sleep quality questionnBlease simply give the answer according
to your opinion and your situation. Please try to make sowehgve not inadvertently missed out

any questions. For the reaction time task, please resgaquickly as possible.

Finally, we remind you that you are free to withdraw from the studyat any point and if you
feel uncomfortable answering any of the questions, you are free tonrespond to those

guestions.

Thank you again for your participation.
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Appendix TT

ATW zDay 1: Session 2
Step 1:
Launch theReaction Timeapp.

Step 2:

Enter both youlolunteer Number andPassword provided by the experimenter.

Enter:
Volunteer Number: 5188

\ Enter:

Password: 504

Step 3: Step 4: Step 5:
Tap anywhere on the SelectDay 1: Session 2 Make sure youBession
screen to continue. then tapContinue. andVolunteer ID are

correct, then tagontinue.

Step 6:
Follow the on-screen
Instructions carefully and

tap Start to begin.
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Appendix UU

ATW z=Day 1: Session 2
Step 1:
Launch theQualtrics Surveysapp.

Step 2:
Clickonthepu$7: £D\ 6HV VAR 1

Select
ATW =Day 1: Session 2

Step 3:
Thentaponu 7DNH 6 XUYH\T

Tap:
Take Survey

Step 4:
Once you have completed the questionnaire, you are done!
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Appendix VV

INFORMATION SHEET
LOW WORKLOAD BEFORE DIAGRAM

Thank you for agreeing to participate in this study. The @firthe study is to examine whether
fatigue is associated with workload. This will be examinedgigie Psychomotor Vigilance Task,
which will be administered using an Apple iPhone 6s Plus.

You will be kindly asked to complete a four-part study using ailealevice. These are divided
into two different days, a LOW workload (i.e., spare djiand HIGH workload (i.e., a difficult
diagram), at two different time points (BEFORE diagrard &rTER diagram) using a mobile
device. A total of £20 will be awarded to participants, upon suitdessnpletion of all four-parts.
All payments will be made via pre-written cheques. Partimpaof this study will take
approximately 15+20 minutes per session. All four-sessions combined will takezippately 60
+80 minutes to complete.

This is theLOW workload dayBEFORE diagram session. Participation of this session wibh e
completing:

1. Areaction time task (duration: 10 minutes);

2. A 12-item questionnaire on your sleep quality (duration: apprabéiy 1 - 3 minutes).

We would like to request that you be as open and honesssiblpowith your responses and avoid
any perceptions of what you think a desired answer mightheerdliability of the data depends on
your complete honesty for the sleep quality questionnBlease simply give the answer accogdin

to your opinion and your situation. Please try to make somehgve not inadvertently missed out
any questions. For the reaction time task, please resgaquickly as possible.

Finally, we remind you that you are free to withdraw from the studyat any point and if you
feel uncomfortable answering any of the questions, you are free tminrespond to those

guestions.

Thank you again for your participation.
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Appendix WW

ATW zDay 2: Session 1
Step 1:
Launch theReaction Timeapp.

Step 2:

Enter both youlolunteer Number andPassword provided by the experimenter.

Enter:
Volunteer Number: 5188

\ Enter:

Password: 504

Step 3: Step 4: Step 5:
Tap anywhere on the SelectDay 2: Session 1 Make sure youBession
screen to continue. then tapContinue. andVolunteer ID are

correct, then tagontinue.

Step 6:
Follow the on-screen
Instructions carefully and

tap Start to begin.
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Appendix XX

ATW zDay 2: Session 1
Step 1:
Launch theQualtrics Surveysapp.

Step 2:
Clickonthepu$7: £D\ 6HV VAR 1

Select
ATW z=Day 2 Session 1

Step 3:
Thentaponu 7DNH 6 XUYH\T

Tap:
Take Survey

Step 4.
Once you have completed the questionnaire, you are done!
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Appendix YY

INFORMATION SHEET
LOW WORKLOAD AFTER DIAGRAM

Thank you for agreeing to participate in this study. The @firthe study is to examine whether
fatigue is associated with workload. This will be examinedgithie Psychomotor Vigilance Task,
which will be administered using an Apple iPhone 6s Plus.

You will be kindly asked to complete a four-part study using ailealevice. These are divided
into two different days, a LOW workload (i.e., spare djiand HIGH workload (i.e., a diffictl
diagram), at two different time points (BEFORE diagrard &FrTER diagram) using a mobile
device. A total of £20 will be awarded to participants, upon suitdessnpletion of all four-parts.
All payments will be made via pre-written cheques. Partimpaof this study will take
approximately 15+20 minutes per session. All four-sessions combined will takezippately 60
+80 minutes to complete.

This is theLOW workload dayAFTER diagram session. Participation of this session milblve
completing:

1. A reaction time task (duration: 10 minutes);

2. An 8-item questionnaire on your workload (duration: approximdtehinute).

3. A 10-item questionnaire on your demographic information (dumafi £3 minutes).

We would like to request that you be as open and honesssiblpowith your responses and avoid
any perceptions of what you think a desired answer mightheerdliability of the data depends on

your complete honesty for the sleep quality questionn@lease simply give the answer according
to your opinion and your situation. Please try to make pomehave not inadvertently missed out

any questions. For the reaction time task, please respaquickly as possible.

Finally, we remind you that you are free to withdraw from the studyat any point and if you
feel uncomfortable answering any of the questions, you are free tonrespond to those

guestions.

Thank you again for your participation.
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Appendix ZZ

ATW zDay 2: Session 2
Step 1:
Launch theReaction Timeapp.

Step 2:

Enter both youlolunteer Number andPassword provided by the experimenter.

Enter:
Volunteer Number: 5188

\ Enter:

Password: 504

Step 3: Step 4: Step 5:
Tap anywhere on the SelectDay 2: Session 2 Make sure youBession
screen to continue. then tapContinue. andVolunteer ID are

correct, then tagontinue.

Step 6:
Follow the on-screen
Instructions carefully and

tap Start to begin.
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Appendix AAA

ATW z=Day 2: Session 2
Step 1:
Launch theQualtrics Surveysapp.
Step 2:

Clickonthep$7: £D\ 6HVVAUREY 1

Select
ATW =Day 2 Session 2

Step 3:
Thentaponu7DNH 6 XUYH\T

Tap:
Take Survey

Step 4:
Once you have completed the questionnaire, you are done!
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Appendix BBB

DEBRIEF

Thank you for participating and completing all four-partshef workload study, implemented on a
mobile device. The aim of this study is to examine wheth&ukatis associated with workload. In
other words, whether cognitive levels of performanceaaseciated with time of day.

(DFK SDUWLFLSDQWYYVY HOHFWURQUHVERYE QAW 8 R VED WAKLDRAL S
will be held completely anonymous, and only intended for anadesearch, so that it is impossible

to trace this information back to any individual. Only Profegsaly Smith and the researcher (Mr
Michael Scott Evans) will have access to your data. Thigsnrdton will be stored and analysed

for publication before it is destroyed, in accordance WighData Protection Act 1998.

If you have any queries or concerns about the resqalease contact either the researcher Michael
Scott Evans, or the supervisor Professor Andy Smith by @lsergontact details below. If you are
affected by any of the issues raised in the four onlisiestaor from the sleep quality questionnaire,
then there are a number of services available througbrtiversity that is able to offer support,
which can be accessed using the following links.

Staff of Centre for Occupational and Health Psychology
Equality and diversity
http://www.cardiff.ac.uk/govrn/cocom/equalityanddiversity/index.html

Counselling service
http://www.cardiff.ac.uk/counselling/about/index.html

If you still remain unhappy with the support and wish to glain formally, you can do so via the
Cardiff University Ethics Committee:

Secretary of the Ethics Committee
School of Psychology

Cardiff University

Tower Building

70 Park Place, Cardiff, Wales
United KingdomCF10 3AT

Tel: 029 2087 0360

Email: psychethics@cardiff.ac.uk

In addition, if you like to get any general informationtloé research findings such as published
research articles and journals, please contact Mi@wt Evans (Doctoral candidat=).

Thank you for your participation.

Michael Scott Evans Professor Andy Smith

Doctoral Candidate Director/Supervisor

Centre for Occupational and Health Psychology Centre for Occupational and Health Psychology
Cardiff School of Psychology Cardiff School of Psychology

63 Park Place, Cardiff, Wales 63 Park Place, Cardiff, Wales

United Kingdom, CF10 3AS United Kingdom, CF10 3AS

Email: EvansMS3@cardiff.ac.uk Email: SmithAP@cardiff.ac.uk

39¢



