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Abstract
Though @laysnegativdy impactrail passengerliminating all their incidences is impossible.
Hence,it is important to understartie impacts ofielays of various lengtrend ways in which
passengergan be comgnsated for the resulting disutilityrhis can, in turnhelp dictate
regulatory, operational and investment prioritidgainst this backgroundhis thesisaims to
reviewthe currently opetingdelay compensation mechanisamlinvestigatehe link between
delay occurrence, delay perception and satisfaction impoesresults suggestat the current
compensatioschemeules lead t@nincreasing revenue burden of the scheme for-ttistance
operatorshighlighting the need fdiurther researcibomparingthes ¢ h e oostg€arsdbenefits
Subsequently, it waadicatedthatshorterdelays are not always perceived by passengers and are
likely to have a smaller impact on passenger satisfastithmarginal disutility of delay likely
being norconstant across the different delay levéis the same timef was highlighted that
journey quality, delay at departure and jourriegme also dfect delay perception and satisfaction.
The probability of perceiving a delayasestimated to b&arger tharthe equivalentprobability
of being dissatisfieavith the samedelay, demonstratinghe exigence of a gap betweeatelay
perception and dissatisfactidrinally, the journeysatisfaction data ereused to derive lateness
multipliers, a conversion rate between a minute of delay and schepiwimey time The
calculated valuewerefound to bdargerthan the estimatesbtainedfrom thetraditionallyused
stated preferencgtudies.The outcomes of the research conducted as part of this teeselp
design passenger delay compensation schemes and plerfisenance strategies and targets for
railways. Moreover, thepresentedanalysis provides additional evidence towards possitte n
linearities in delay impacts and highlights the potential of transport satisfaction data in economic

valuation.
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Chapter 1
Introduction

1.1.Background

In thefastpaced world we live in, it has become of great importance to be able to move quickly.
Transportgan important part of everydaydj being a meaof moving between different places
requiredto accesgobs, good, services and leisuractivities (Glazener et al., 2021Different
modes of transport have theaipecific characteristics, meaning that their suitiabidepends on

the type of trip made and personal preferenBasilar to other areas eEonomics, the monetary
cost of travel impacts the demand for it. However, in the case of transport, travellers
simultaneously try to minimise the monetary cost andrjey timesWhilst in some cases, travel
activity on its own may be a source of enjoyment and/or fitness in the case of activé@urdes

et al., 2022; Mokhtarian & Salomon, 2001; Wardman & Lyons, 201€)allyboth increased
travel time and costra source of disutility. Hence, transport typically calledaderived demand

as itis related to the nead movebetween places, not to the tragetivity itself.

With travel time being a source of negative utility, it is worth mentioning ththeicase of public
transport users, the time spent travelling is not only related to the time spehidte. In other
words,public transportrips also include time spent accessing stops or stations as well as waiting
for the chosen serviceBinally, whilst both private and public transport users are concerned with
the length of timetheir trips are meant to take (i.e. based on their expectations or timetables),
congestion and resulting delays have been suggested to affect passengers more than changes in
scheduled times. In other words, a minute of delay is considered to be worse twdditanal
minute of scheduled journey time. This may be related to the inconveraedcancertainty
caused by delayshe possibilityof interferingwith other planned diwities andsubsequently the
financial consequencesf missed connections, appointments dtawever the amount of
inconvenience (or disutility) derived from the additional travel time resulting from a delay may
depend on how sensitive a traveller ispotential laterunning and the experienced travel

conditions.

1.1.1. Journey scheduling
When choosing a service to travel on, passengers consider the scheduled arrival time of the
services with respect to their preferred arrival time. As notedPriegton et al. (200%nd
explained in more detail iBatley (2007) passengers typically also include safety bstietheir
travel schedules that wods a time insurance against aggible dsruptions and airto increase

the probability of arriving to the destinat:i



of buffer timemay depend on the expectations, sensitivity to potential lateness, and personal
characteristics of passengefthis is further revisited iChapter 2.

1.1.2. Impacts of delays on passengers
The impacts of delays on rail passengers are typically studied in terms of how performance affects
demand. Intuitively, it would be expected that fewer tviflsbe made if the incidence of delays
increasesSuch a relationship is generally suggested by the literatun@ever,the estimated
elasticities with respect to delay are inelasRerformarte hasa statistically significant, yet
marginal impact onail demandasthe estimated elasticitiegetypically notmore (in absolute
terms)than-0.10 (ATOC, 2004; Batley et al., 2011At the same time, the relative imps.of
changes in price levels or generalised journey times are suggestedrggeb&viththe estimated
elasticities closer tel, indicatingthat demand igelatively responsive t@uch changefATOC,
2004; Batley et al., 2011The limited impact of performance on demand doesneogessarily
mean that travellers place low value on perforreaacindividualevel studies suggest relatively
high valuation of lateness, yet such experiences do not aleay$o a demand resp@(Batley
et al., 2011)This may be related to passengers not being able to change their trzargbbe
following late running and @&ciallyso inthe short termwhich can be attributed to the lack of
available alternatived his means that while delays may have a negative impact on passengers,
performance may not always be immediately linked to demand. Neverthdigdays do
contribute toinconvenience anthe loss of time that could have been spent on other activities.

Hence this could be translated to a loss of social welfare resulting from increased travel times.

1.1.3. Alternative methodologies used to study the imgcts of delay
With studies of demand not being able to captueeafiorementionetinpacts, some alternative
lines of investigation have been used throughout the literatumployingthe following data

sources:

1) stated preferenc€SP) surveys whereespondats choose the preferred travel options
based on the presented scenarios with different travel attributes (e.g. travel time and

monetary cost),

2) revealed preferencéRP)sur veys where travellerso6é real c h«

compared to the alternativemd

3) satisfaction surveys where passengers report journey satisfaction based on their travel

experiences.

Demandand SPstudies typically focus on evaluating the impacts of average perfornieugce
Batley and Ibafiez, 2012)n passenger numbers or preferen@his is further discussed in

Chapter 8. At the same timetsdies of passenger satisfaction are concerned with either overall



satisfaction with public transpof.g.Cats et al., 2015)r the impact of delay incidengsr other

travel attributespn passenger satisfaction with a specific travel experi@ngeMonsuur et al.,

2021) (Chapter6 and Chapter 7cover these aspects in more detadjudying the impact of
average performance on demand can provide information for the government and/or operators
regarding the effects of changes in rail performance on passenger numbers and ticket revenues.
Stated preference surveys are often useestonate theelative importance of different travel
attributes and tradeffs between them. These, are, however, related to hypothetical choices. On
the other hand, studying real choices obtained through quesitiesiand travel diaries also has

its limitations as it assumes that travellers know about the other travel alterndivesver, n

the case of delays, these often cannot be predictddare unlikely t@ffectanytravel choices

once a journey has stad. Hencethe other body of literature is focused studying the impact

of different journey attributes on passenger satisfaction. In this case, passengers evaluate their
actual experiencex postgiving insight intohow different travel attributes (including delays)

affected their satisfaction with the experienced journey.

Several studies looked at the impact of different aspects of the journey on travel satisfaction (for
reviews se®e Vos et al 2013 De Ofia and De Ofia, 2015; Gao et al., 2018; Rong et al.,,2022)
but studies relating actual performance to satisfaction are more limited. In principle, this thesis
draws ona number of previous studies examining the impacts of latemegsassengers (i.e.
Batley, 2007; Preston et al., 2009; Monsuur et al., 2821t also responding to the conclusion

in Wardman and Batley (20228hdRong et al. (2022hat further research is needed to understand
passenger s datepuaningagdiits mangmal impacts on passengetss 1s seen as an
important first step in advancing our knowledge of the impact that delays have on passengers'

satisfaction and the role that perception has in this relationship.

1.1.4. Focus on British railways
The main focus of this thesis is on the railways in Great Britain. This can be attributed to two
reasons. First of all, the fact that the British rail planning practice isastblished witlhefirst
edition of British guidance on rail demand famsting dating back tthe 1980s(Wheat and
Wardman, 2017)Secondly, the British railway industry structure is oharacterised byertical
separation and privatisation of train operatigNash et al., 2013)though in recent years a
number of services has been br andaédrunbptlhesk und
calledperator of last resd@rtwith multiple train operators provity services across the country
extensive regulation and a relativeomplex industry structureéhe British rail industry is also
characterised by a relative abundance of epmress data whidcilitates research. Yet, treestill

remain areas that call for further research.



In November 2019, 65% of rail station stap<Britain were on time with 95% of delays being

shorter than 15 minutes and 3 out of 1000 statiopssdelayed by over 30 minutédetwork

Rail, n.d.) While delays are endemic in the transport sygtgatley, 2007Rezapour and Ferraro,
2021)and eliminating all of them may be impossible and not ewacadly viable, the efforts can

focus on reducing the delays that have the most negative impaiEissenger or providing
passengers with compensation for delays. Previous research suggests that passengers delayed by
over 30 minutes are very unlikely te batisfied with their journey@Nittmer andLaesser, 2010;

Monsuur et al., 2021However, as noted biransport Focus (20153atisfaction levels tend to

start dropping from the very first minute of late running.

1.2 Statement of the problem

Whilst previous research provides us with some understanding of how passenger satisfaction
changes with delays, little is known about how passengers perceive delays and the effects that
delay perception may have on satisfactiblielsen (2000) and Rezapour and Ferraro (2021
indicated that passenger perception of late running has an impact on travel behaviour and public
transport suppliers can learn how to improve their services by investigating these impacts too. At
the same timamany studiethatfocused orthe valuation of changes in journey times hageed

that passengers are less likely to notice smaller changes, implying that the marginal benefits of
small time savings are small@iackie et al., 2003; Daly et al., 201Despite thativackie et al.

(2003) noted tha even if passenger are unlikely to recognise minor savings, it does not
automatically mean that these savings have no benefits at all. Similar argearebes applied

to delays It can be thought that the perception of delay is an intermediate stéqy lithie
existence of delay (suppbide disruption) with the impacts on satisfaction and ultimately demand

and revenue (demasside impact).

1.2.1. How to compensate passengers for the experienced disutility?
If delays have an impact on satisfaction, blitréted impact on demand, this poses a question
regarding how travellers can be compensated for the disutility related to the existence of delays.
This thesiswas initially motivated by the limited understandingtloé role that compensating
passengers fdate runninghason both the demand and supply side of thiévays. A rail
passenger delay compensation scheme aiming at imprihnaatfractiveness of rail services and
providing minimum customer service standards for delayed passengers operates in the EU and
Great Britain.Thescheme rules were chosen arbitrailgd are largely homogeous across all
ticket types and journey lengthsach year, British TOCs reparound £80m to passengers as
part of the delay compensation (£©VID) (Gov.uk, 2020) There arewo distinct features
concerning the design of the rail passenger delay compensation scheme, namely the delay length

threshold when passengers start receiving compensation and how the value of compensation is



determinedIn order to optimise thdesignof passager delay compensation scherteere is a
needto better understand what levels of delays are espetiatiyivenient fotravelless, which
can be achieved by understanding delay perceptiosatigfactionin more detail.

1.2.2. How do delays affect passngers?
The analysis of passenger satisfactioliids onMonsuur et al. (2021ywho used NRPS data to
study the determinants of passenger satisfaction and the impacts of delays on the oxezgll jo
satisfaction opassengarwho perceived delays. The aiffithis thesigs to investigate how delays
affect satisfaction with punctuality rather than overall journey satisfaction (denmuur et al.,
2021) of different types of passengers, both in the cases of perceived and unperceived delays.
Understanding how passengers perceive delays and how satisfaction with punctuality changes
with increasing delays is impaurit and interestingn its ownright. However jts usefulness in the
policymaking context is limited to indicating the minimum thresholds where passengers start
perceiving delays and subsequently the minimum delay thresholds that have significaht impac
on passenger satisfactiohhe estimated thresholds can be used for determining the plausible
delay distribution and performance metrics with the possibility of targeting the delays that are
more likely to significantly reduce passenger satisfaction. Alternatitledge can infon the
potential design of compensation mechanidievertheless, the application of the concepts of

delay perception and satisfaction to economic appraisal is currently limited.

To better understand the difference between the nature of satisfaction didtee ampacts of
delays on satisfaction as coanpd to hypothetical or reahoices, it is worthooking at ways in

which satisfaction data can be used in deriving metrics that are typically obtained from other data
sources.There is a precedenin the literature, especially covering health, labour and
environmental economics, in utilising satisfaction data (particularly life satisfaction) in the
context of economic valuation (elgayard et al., 2008; Frey et al., 2009; Dickerson et al., 2014)
This approach has, so far, not been widely used in tranggatitne savings are often quantified

as the largest benefit of many transport infrastructure projects, valuation oftintleeaimpacts

of reducing journey times and improving performance remain theakegs ofinterest for
transport economist. has been noted throughout the literature preatormance improvements

may often have larger benefits as compared to travel igductions (e.gle Jong et al., 2007)
Stated preference surveys are typically used to estimate the relative valuation of delays respective
to scheduled journey times (eBptley and bafiez, 2012 However, due to the aforementioned
limitations of the SRlata and the different nature of the satisfaction data, it may be of interest to
contrast how lateness valuation estimates vary depending typéefdata source usetlence,
thisthesisalso aims to explore that link by combining the methodology used in studies focusing

on lateness valuation ugj stated preference data (eBgtes et al., 2001; Presten al., 2009;



Batley and Ibafiez, 201ahd studies using satisfaction data in economic valuatiorielgrson
et al., 2014jo derive reliability multipliers that are used in demand forecasting. This erisates
the concept ofatisfaction is better translated to the currently used methodgl@dieaing
making comparisons arimktter translationfahe results for policymaking.

1.3.Aims and objectives

The aim of this thesis is to investigatea i |  p apereeptiong @lelaysand theconsequential

impactson satisfaction. In this sense, the thesis exploredritegmediate stepthat link the

occurrence oflelay andts possibldmpacts on demand and revenuesfor delays to havaich

impacs, theyneed to beperceived anddve amat er i al influence on travell
behaviours (in this case measured by reported satisfactidije particular focusis on

understanding the impacts of smaller versus larger delaysassenge; given that smaller

meaured delays may nbk noticedr regarded as significahy travellers The research cdre

helpful in designing/rethinking aenger delay compensation addvising performance

strategies and targets ftre British railways.This aim will be accomplished by the following

objectivesandthe correspondingesearch questions

1) Review of the currently used passenger delay compensation mechabimpse( 4

Q1: What are the costs and benefits of the currently operating passenger compensation scheme?

2) Examination of how passengers perceive del@ympter &

Q1: What are the minimum delay lengths perceivable by travellers?
Q2: How do passengers perceive the lengths of delays they experienced?

Q3: Do journey length, purpose, comfort and arrival versusrtigpadelay impact upon how

delays are perceived?

3) Assessment of the impacts of delaygpassenger satisfactioGliapter ¥

Q1:How doesthe probability of being si&sfied with punctuality change with increasing levels of
recorded delay’s

Q2: What are the delay lengths detrimental to passenger satisfaction?

Q3: What are the ways in which othjeurney aspects, i.e. journey length and comédfect

passenger satisftan?
Q4: Is the impact of delays on satisfaction tioear?

4) Contrasting the concepts of delay perceptionmassengesatisfaction $ection7.5)



Q1: Is there a gap between the moment a delay is perceived and starts having an impact on

satisfaction?

5) Determining the relative valuation of lateness to scheduled journey time using

satisfaction dataGhapter 3

Q1: Is there any difference in the estimated traifie between delay and scheduled journey time

based on the type of data used?

1.4Thesis structure

This thesis follows the structure outlined belamd depicted ifrigurel:
Chapter 2 Impacts of delays on passengers

This chaptersummarises thé¢heoretical model®f trip scheduling as well as introduces the
methoddypically used to measure delagpactsMore extensive literature reviews form parts of
each of the empirical chapters.

Chapter 3 Data and methodology

This chapter briefly describes the types of modelling approaches used in the thesis. However,

each of thempiricalchapters contains a more detailed description of the analysis undertaken.
Chapter 4 Rail passenger delay compensation scheme

This chapteevaluaesthe currently operating rail passengergatompensation scheme in Great
Britain. It consists of ajualitative review ofscheme rules angassenger engagemeahnd a
empiricalquantitative analysis of the costs of running the scheme for different operators in Great

Britain. This chapter serves as a motivation for further research conducted as part of the thesis
Chapter 5 Data: The National Rail Passenger SurveyNRPS)

This chapter describes the main datasetduin the analysis conductad Chapters6-8, the

National Rail Passenger Survey, its contents and limitations.
Chapter6Rai | del ays and travellersd perception

This chapter introduces thercept of delay perception. Binary logit models are usedtimate

the probability ofrail travellersperceiving a delay for increasing lengths of recorded delays.
Chapter71l mpacts of delay on travellers6é satisfai

This chapter analyses the impacts of recorded delays on reported satisiindoynand ordered

logistic methodsare used to investigate how different levels of delays affect passenger



satisfaction. The concepts of delay perception and journey satisfactiom reconciledto
investigateheexistence of a gap betweatength of delay that is perceivable and one that has a
detrimental impact on passenger satisfactiboreover the potential n-linearities in the impact

of delays on passengers are examined.

Chapter 8 Lateness valuation using satisfactiodata

This chapter proposes an approatitising journey satisfaction datan the estimation of an
established metrit the lateness multiplier that representa conversion rate between a minute
of delay to an equivalent of sahéded journey time

Chapter 9 Conclusions

This chapter summarises the results of tha\ssis conducted in the previous chaptdong its
limitations. Suggestianfor future work and main implications for the policymakers are also
introduced in this chapter.



Compensation
Chapter 4 Chapter 4
Delay Chapter 6 Perception  |Chapter 7 | Satisfaction Demand Revenue
occurrence
\—//r\”“-\(jlmpter 8 __,,-""/
Chapter 7 T
Valuation

Figure 1 Thesis structure

Figurel depictsthechapters of the thesis and @hferentimpacts of delays that these investig@ieapter 4 looks at the cost of delays in terms of passenger
compensation. Chapters 6 and 7 describentheediatestepsbetween the occurrence of delay and its impacts on demand and rensganalydelay
perception anthe consequential impacts on satistattThe direct link between journey satisfaction and demand response is not estahtislesey,
Chapter 8 aims to bridge the two concepts by utilising satisfaction data in studying delay valuation (providing annkdmemteisented bihe dotted

lines).
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Chapter 2
Impacts of delays on passengers

2.1. Introduction

To better understand the negative impacts that delays have on passengers, one needs to consider
how travellers make travel choices and what affects tiidmaim of this chapter is to provide

summary of theoretical models of trip scheduling as well as a brief review of méypaxdly

used to measure the delay impacts.

Itis generally agreed throughout the literature that reliability has an imporang)atively small
impact on travel choices (e Batley, 2007)Having said thatje Jonget al. 007)suggestd that
the benefits of improved reliability may often be larger than those of reduced travel tses
travellers place a large value on performanke.noted byde Jong et al.2007) most of the
research covering the value of adility usesone of the following three approaches:

1) mean versus variance approach where unreliability is represented by the standard

deviation or variance of the distribution of journey times

2) percentiles of travel distributions where unreliability is represebtedhe difference

betweerthe 80" or 90" percentile of the journey times distribution and their maan

3) scheduling models wherereliability is represented by the number of minutes a traveller

departs and/or arrives early or late as compared toRhefarred Arrival Times (PATS)

The value of reliability is typically estimated from SP studies where travellers are presented with
multiple-choicesets characterised loffferentlevels of travel attributes (including thengths of
delays) Subsequently esearchers calculatieet chosen metrics (e.g. mearstandard deviation

of delays) and the r espondenhileghg first evb approaches avearioreat i on s .
concerned about the overall performance, i.e. the distribution of delays, théolalteat how
expectations of unreliabili impact trip scheduling. This approach is of particular relevance in
investigating the impact of adental lateness on passengevkich is the main focus of this
thesis. The average and incidental lateness are, tintdiar distinct concepts as the impact of a
given delay episode is differefitom theimpact of general railay performance nl other words,

a delay episode of 5 minutes is differentnfran average delay of 5 minutésence, with some

(deliberate) excepiins, this thesis looks at how incidental delays affect travel experiences.

2.2. Scheduling models

The basis for the trip scheduling models can be sought studeesconcerning theories of time
allocation(Becker, 1965; DeSerpa, 1974&ith time/money and scheduling constraiickrey,
1969; Small, 1982)nder uncertaintySmall, 1982; Noland and Small, 1995; von Neumann and
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Morgenstern, 2007)The major difference between thevatecar and public transpogervices
can be senin the latterprovidinglessflexibility in terms of departure and arrival times that are
bound by the timetables. Hendgates et al. 2001) and Batley (2007) discussedhe discrete
natue of the departure/arrival times of public transp@wnsidering the work bgmall (1982

and Noland and Smalll995) it is worth noting thatravellers attach disutilityo longer travel
times, but alsdo late or early arrival. Hence, tteonc e p t of a O0schkthedul e
differencebetween preferred and actual arrival tim&gpically, it is assumed that travellers
assesall the possible travel options and choose one that maximises their whilitt/in transport

is equivalento the lowest generalised cose. monetary cost anchvel time(Bates et al., 2001)
Travellers typically have a preferred arrival time and assign utility to each of the apiais
based on how distant the scheduled arrival is froin pneferredPAT (Bates et al., 2000r PAT
band Mahmassani and Chant86)- with scheduledelaybeing a source of largdisutility for

late than earlyarrival. Bates et al.(2001) also extended the framework described above,
considering that the choice of departure time facedawelles is madainder uncertaigtthat is
introduced byunreliability. As such, any delays or early arrivals maffect passengets
expectations of travel time and encourigechoice of earlier or later departurethe future

A concept related to the previous discussion is thasafety margin that defines the extra amount

of time incorporated to the journeys, serving as insurance against any possible delays. This is
likely to depend on both the expectations about ddtags can depend on previous experiences)
and sensitivityowards late arrivalGaver, 1968; Knight, 1974; Bates et al., 2001; Batley, 2007)
Hence, it is likely that travellers are less sensitive to a delay that allowsttheeach their
destination within their preferred arrival time window and witik inclusion of larger safety
buffers, the lengths of such delays incre&smvertheless, the experienced delays may be larger
than the included safety margins and, as nbieBergstrom and Kriige2013) in such cases

travellers may face long waits or need to make changes to their scheduled activities.

2.3. Measuring the impacts of delays

The impacts ofielays aretypically evaluatedising:

1) marketlevel analysis focusing on the impact of delays on demand Batey et al.,
2011)

2) SP or RP surveys analysis of travel chsiaad the relative valuations of travel attributes
(e.g.Batley and Ibafiez, 2012y

3) analysis of passenger satisfacti@g.Monsuur etl., 2021)

With reference to journey scheduling, it h a

aversion are likely to be heterogeneous. Hence, the benefits arising from reliability improvements
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arelikely to have a differing impaain travelers (Batley, 2007)However,the demand analysis

is aggregated at both demand and supply $aseit looks at the impacts of average delay on total
demand. SP or RP surveys are also typically used to analyse the impacts of delggér

their distribution) and their valuationslhere is a large body of literature concerned with
evaluatingtheimpacts of delays on demand and valuation using SP and RP surveys. However,
with the® typically being concerned withe distribution of delays, a very limited number of
studies looks at the impact of individual delaysgpassengar. Here, itwould not beexpected for

a single delay to have a large impact on travel choices. Howawehr, delays are source of

disutility in line with the scheduling models discussethi previous section

As notedn the recent paper Biyardman and Batley (2022he implied elasticities (i.e. from SP
surveys) are typically larger than these estimated from the demand data, suggesting that delays
are a source of disutility, however, may not ultimately lead to changes in travel behrassiour
demand studies suggabatdemand igelativelyinelastic with respect to performan@sTOC,

2004; Batley et al., 20)1Similarly, with SP surveys relating bypothetical choices, there might

be differencesn the estimated ipacts of delays on passengers basethernype of data used

(i.e. SPversus satisfactiosurveys.

Travellers are rislaverse and uncertainty of arrival tirnancause stress arahxiety (Preston,
2008; Peer et al., 2012Most delays are small and passengersligety to prepare for the
possibility of encountering them. However, the occurrence of longer delaymtletrelatively
low probability of occurring but high impactis more difficult to predict and prepaifer
(Bergstrom and Kruger, 2013\s eliminating all delays ipractially impossible, in ader to
know whether it is more important to target the many small or the few very large dilsys,
necessaryo understandiow travellers are impacted laelays of differing sizes(Bergstrom and
Kruger, 2013)

Hence conforming to the framework presented above, with the travel history impacting
expectations about reliability, travellers schedule their journeys with respect to the preferred
arrival time, also including a safety margin to their schedules. Subsequbstlgxperienced
delay will lead to a disutility with its magnitude likely dependent on how far the actual arrival is
from the preferred arrival. Subsequently, the disutility derived from a delay incident can be
captured by satisfaction data where travelmraluateheir travel experiencexpostas shown in
Figure2. Eventually, the only wajo compensatpassengearfor the disutility related to delays is

to provide hem with monetargxompensationas the time lost cannot be returnétknce, the

presented concepts ask for increased research investigating the impact of delays on passengers
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using the alternative data sousch is thought that passenger reports or jeyravaluation data
may be a useful additionhenstudying the described prole (Preston, 2008)

> Travelhistory>> Expectations >> PAT >> Choice >> Delay >> Evaluation >

Figure 2 Framework behind journey evaluation
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Chapter 3
Data and methodology

This chapter aims to provide a summary ofda& andnethodologies used throughdhisthesis
toprovide a clearer picture of the concepts introducedch chapteifablel serves as a roadmap
and provides anverviewof each of the chapters. @bfives, research questions and motivations
associated with each of the chapters are presentedsaletite methodology and data used in

the analysis.

Chapter 4rovidesaliterature review on the impacts of passenger delay compensation as well as
an econometric analysis of its costs using financial and performance datatHeoBritish
franchised TOCs obtained from the Department for Transpbg.remaining chatersmaostly

utilise logistic regression techniques to investigate how delays are perceived and the impacts they
have orpassenger satisfactiofihese methods are applied to passenger responses from NRPS, a
rail passenger survey in the UK, obtained froranBport Focusandlinked to performance data

from HSP (obtained from National Rail)These data sourcesre described in more detaith

Chapter 5
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Table 1 Summary of data and methodologiesised n the thesis

Chapter Objective Research Motivation Methodology Data
(based on guestion
sectionl1.3)
Chapter 4 Review of the Q1: What are the Delay Repay has been introducedaaseans of Literature review  Rail industry data
Rail passenger currently used costs and compensating passengers experiencing severe delays ¢ on the @&sign and sourced fronthe
delay passenger benefits of the  regulate the minimum customer service requirements fc operational Department for
compensation delay currently thetreatment of passengers following ktmning characteristics of Transporand ORR
scheme compensation operating (Department for Transport, 2016) the scheme.
mechanisms passenger
(Chapter 4 compensation Department for Transpb(2020)noted that while the Econometric
scheme? proportion of passengers claiming compensation has be analysis of the
increasing, only 39% of surveyed passengers who costs of the
experienced a delay qualifying for compensation decide scheme and
engage with the process in 2018 impacts on
different operators,
Chapter 6 Examination Q1: What are the Nielsen(2000 and Rezapour and Ferrad@1)indicated Binary logistic NRPSI passenger
Rail delays and of how minimum delay thatthe perception of delays has an impact on travel models of delay  reports about
travel |l er passengers lengths behaviour angbublic transport suppliers can learn about perception; delays;
perception of being perceive perceivable by  ways in which they can imprevtheir services by analysis of the HSPT recorded
delayed delays travellers? investigating it distribution of performance
(Chapter & reported and
Q2: How do Daly et al. R014)suggesting that passengers are often n recorded delay
passengers able to perceive small changes in travel times. lengths

perceive the
lengths of delays
they
experienced?

Wardman and Batley2022 and Rong et al2022)
suggesting that research is needed to understand the
differences between perceptions of late time and record
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Q3: Do journey delay lengths tetterunderstandhow delays affect
length, purpose, passengers

comfort and

arrival versus

departure delay

impact upon how

delays are
perceived?
Chapter 7 Assessment 0 Q1: How does Suggestions thaterformance may not lead lerge Binary and orderec NRPSI reported
Impacts of delay on the impacts of the probabiliy of changes in demand, due to the lack of viable alternative logit models of satisfaction
travel |l er delayson being satisfied  particularly in the shostun (Batley et al., 2011) passenger HSP1 recorded
satisfaction passenger with punctuality satisfactiontp performance
satisfaction change with Limited research linking recorded performance with study the impact of
(Chapter increasing levels reported satisfaction. Though, generally performanse he incidental dehy on
of recorded been suggested to have a very strong impact on satisfa individual
delay® (Transport Focus, 201 &arrel et al., 2016; Gao et al., passenger
2018; Monsuur et al., 2021) satisfactioi;
Q2: What are the fractional outcome
delay lengths Monsuur et al.Z021)analysed the impact of recorded logit regressiontp
detrimentako delays on passenger satisfaction using the NRPS datas study the impact of
passenger However somemethodologicatlifferencesare proposed. average delay on
satisfaction? Wardman and Batley2022)arguedthat proportional the aggregated

elasticities (i.e. based on thaative proportion of AML to satisfaction levels
Q3: What are the GJT) better explain changes in demand than the actual

ways in which delay lengths. Maximum
otherjourney likelihood
aspects, i.e. Gao et al. 2018)proposed cubic relationship between th estimation of the
journey length  difference in the experienced versus expected lengths ¢ elasticity of

and comfort delays and satisfaction. marginal utility of

delay; Estimation
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affectpasenger
satisfactior?

Q4: Is the impact
of delays on
satisfaction non
linear?

Data from satisfaction surveys has beppliad to study
nortlinearities, for example in the context of the margine
utility of income (e.gLayardet al., 2008)

of a cubic
relationship and
piecewise
regression betwee|
recorded delays
and reported
satisfaction;

Contrasting
the concepts

Q1: Is there a
gap between the

Same as for chapters 6 and 7

Binary logit model NRPSi passenger
of delay perceptior reports about delay:

of delay moment a delay and satisfactin. and reported
perception is perceived and satisfaction
andpassenger starts having an HSP1 recorded
satisfaction impact on performance
(Section7.5  satisfaction?
Chapter 8 Determining  Q1: Is there any Monsuur et al.Z021)analysed the igpact of recorded Ordered logit NRPSI passenger
Lateness valuation the relative difference in the delays on passenger satisfaction using the NRPS datas model of passenge reports about delay:
using satisfaction  valuation of  estimated trade satisfactiorto and reported
data lateness to offs between SP surveysiretypically used testimate lateness derivelateness satisfaction
scheduled delay and multipliers (e.gBates et al., 2001; Preston et al., 2009; multiplier. HSP1 recorded
journey time  scheduled Batley and Ibafiez, 2012; Wardman and Batley, 2022) performance
using journey time However, some limitations of SP supveatawere
satisfaction based on the typ highlighted in the literature (e.gvardman, 1988)
data Chapter of data used?
8) There is adrge body of literature using data from survey

on life satisfactionn economic valuation, especially in
healthor environmental economig¢s.g.Ferreri-Carbonell
and van Praag, 2002; Frey et al., 2068)wever, such
approaches have not been as widely applied in the tran:
contextgwith the exception oDickerson et al., 2014)
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Chapter 4
Rail passenger delay compensation scheme

4.1.Introduction

Eliminating all delays igracticallyimpossible angbrobablynot optimal(Batley, 2007;
Rezapour and Ferraro, 2028t the same time, previous research suggests that delays
have negative impacts on passengers, but their ability to respond to worsening performance
is limited (Batley et al., 2011 Following a delay, the immediate way of compensating for

the additional disutility related to that is tefundthe monetary value of the time lost.
Against this backgroundnd to improve the competitive position of railaél passenger
compensation scheme has been introduced in the UK and the EU with the aim of providing

minimum customer service standards for delayed passengers.

So far, there has been very limited reshampirically reviewing how the rail passenger
delay compensation schesneorkin practice. The amount of compensation repaid by

each train operating company (TOC) as part of the scheme depends on

1) the rules of the scheme
2) the number of passengaiggible to claim compensatiand
3) p as s e egle of engagemenith the scheme

Currently, British passengers can claim a portion of their original fare for delays of over
15 minuteswith the compensation threshoksstarbitraily . At the same timegs noted, by
Wardman and Batley (2022) and Rong et202Q), little is known abouhow passengers
perceie delaysor what levels of delays are detrimentalth®ir satisfaction. Hence,

designing appropriate compensation mechanisms is challenging.

Assumingcommonspeeds and equal probability of encountering a delay across the whole
network,longer(and hencenore expensive) journeys would fibjected to longer delays,
hencel OCs operating longistance servicesould belikely to see more passengers being
eligible to claim compensatioithisis likely combined with higher engagement radss
travellers state they are more likely to submit compensation claims for longer delays and/or
more expensivgourneys (Department for Transport, 202(ence, operators serving
longer journeys may see higher claim ratae to differences ithe disutility of lateness

or opportunity cost of not claiming compensationWhile this is likely an

oversimplfication, it can be hypothesisélat his canlead to a differing revenue burden

that theDelay Repay@PR) schemehas n t he oper.atorsdé revenues
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Whilst it may be asyto revew the costs of the schenhy looking at the amount of
compensation repaid to travelleits potential benefits are more difficultizeasure. This

would require quantifying the impact of the scheme on demaeadtfe schemeither
encouraging rail traal or limiting the loss of the revenue in the future). Duthéorelative
complexity, limited data and its sensitivityhis chapter mainly focusesn the effects of

the design and mechanics of (b schemeon itscosts. Whist the specific focus is on

the scheme operating in the United Kingdom, comparisons are drawn to the rail passenger
delay compensation schemes operating within other European countries as well as a similar

scheme operating iaviation

The purpose of thishapteris to improve understanding of the role that the scheme
currently has inthe British railways and giveecommendationsind highlight research
directionsthat might guide policymakers and regulators in the process of redessgising
ascheme in théuture.

The remainder of this chapter is structlias follows:

9 Section4.2 provides a review of the British railway industry to position the DR
scheme
1 Sectiond.3provides informatioron how the currently operating scheme works in
Great Britain Comparisongo similar schemes operating in other countries and in
the airlinemarketare subsequentlyresented in sectiods4 and4.5.
i Section4.6 providesa qualitative analysis of passenger engagement with the
schemeandaguanti tative analysis of the schen
9 Section4.7 summarisethe research conducted as part of this chapter as well as
provides some directions for further research and commentthe potential

implicationsfor policymaking.

4.2.Background

Delays are one of the crucial aspects of journey, affecting levels of demand, mode, route
or travel time choices with significant heterogeneities in sensitivities to delays across
different types of travellerBalcombe et al., 2003; Paulley et al., 2006; Preston et al.,
2009; Batley et al., 2011; Holmgren, 2013assengers anticipating some level of
disruption based on previous experienceslue to theirsensitiviy to lateness usually
allow some extra buffer time to their schedules as a safety margin to increase the
probability of arriving to their destination within the preferred time wind&wat and
Sardesai, 2006; NEXTOR, 2010pepending on the nature of the journey, travellers
perceive 1 minute of delay as being 1 to 6.5 times whesel minute of scheduled journey
time (Bates et al., 2001; Preston et al., 2009; Wardman and Batley, 2014; Nagy and
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Csiszar, 2015Most of the commuter journeys afer example, relatively shotbut occur
regularly, meaning thatepetitive disruption can especially affect these passengers
(Zahavi, 1974; Zahavi and Talvitie, 1980; Marchetti, 1994; Joly, 20B4d)lowing
worsening performancepassengers can respond Imcreasing their safety buife
changing operator, mode, time of travel or decide not to travel at all, but such responses
will depend on the availability of alternativ@Breston et al., 2009; Batley et al., 2Q11)

The Delay Rpay scheme has been introduced in the UKa aseans of compensating
passengers experiencing severe delays and to regulate the minimum customer service
requirements foithe treatment of passengers following ktaning (Department for
Transport, 2016)The scheme rules in the UK are mostly homaogmrs across all ticket

types and have been chosen arbitrarily valhTOCs offering passenger compensation
equating to 50% of their ticket prider delays of more than 30 minutes and 100% for
delays of over 1 hourn addition, 13 TOCs also provide compensation for delays of

between 180 minutes equating to 25% of the original ticket price.

Both abandoning the journendspending more time travelling following a delay incur
loss of social welfareOperatoranay decide tocompensat@assenger for the resulting

loss due to ethical reasons, regulation, competition or to prevent potential demand losses
in the future. The only way to compensate for the increase in generalised cost following
late runnings to repaypassenges an appropriate proportion tiefare component of the
generalised cost. In the shoun, passengers can respond to lower performance by
submitting compensation claims. However, if fhée runningoccurs regularlysome
passengers may liketry to find an alternative. Nevertheless, as arguedhydman and
Batley (2014) passengers will not always be able or willing to change their travel
behaviour as a result of poor performance, at least in the short or megdiamSome
travellers maylsodecide to increase their safety buffefsichwill, in turn, increase their

generalised cost of travieland thiswill not be capturedoy any compensation schemes.

Britaino6s r adharacterised byertical seéparation iofstraioperation and

management of rail infrastructureraln OperatingCompanies (TOCspay track and

access charges to the infrastructure managgponsible fothemaintenance of tracks and

stationgPollitt and Smith, 2002)At the same time, they aa¢so subject to regulaticand

a set of pgormance regime mechanisms that aim to ensafety, protegbassenged

interests and facilitate cooperati@ollitt and Smith, 2002; Nash et al., 2013) 6 Sc hedul e

86 is a system involving paym@ds)sandidhet ween tr ain
infrastructure manager (IM) based on the marginal revenue effect of delays where affected

parties compensate each other for the effects oflz@ing on their longermrevenue

(Network Rail, n.d.; Wardman and Batley, 2014; ORR, 2016; Steer, .2ZDi8)gim of the
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scheme (in principlénancially neutral) is to incentivise TOCs and IM to invest money in
preventing delays and reduce costs related to financial risks caused by(betaysrk

Rail, 2012; Wardman and Batley, 2014; Steef,80Schedule 8 payments are currently
unrelated tgpassengecompensation that TOCs are required to pay to delayed passengers
as part offranchise agreemen{®RR, 2014) thowh it has been proposed that tia®
schemes become more interlink@RR, 2021) As argued byORR (2014) whilst both
schemes reflect on performance, they serve diffedas rwith Schedule 8 relating to
compensation and incentive arrangements between TOCs and ItheamR scheme

serving asameans of compensating passengers for delays.

The DR schemanight be seen as an additional cost of delays with TOCs having little
incentive to encourage passenger engagement unless the costs of the compensation scheme
are seen as a preventiagainstfuture revenue losdWithout extensive regulation or
competition, the TOCs malye incentivised to make the process of engaging with the

scheme more difficult (costlyjor passengerd?assengers may value the existenca of
compensation scheme, but it remains difficult to estimate the impact the existence of the
scheme has on demand or compare the benefits of the scheme (increased rétveitsie) w

costs (compensation paid). In fact, little is known about the benefits of the scheme and the
impact ofthes c heme és design on its costs, which &
claim compensation and the levels of passenger engageiiterthe claiming process.

Whilst eligibility is exogenousheing determined by the scheme rules and driven by
performance, the i mpact of varying engager
empirically tested. It can be expected that engagement levels (ptgpenslaim

compensation) may differ between passengers due to

1 differences in sensitivities theexperiencedevels oflateness as is the case with
journey time or fare elasticities of demaBates et al., 2001; Preston et al., 2009;
Wardman and By, 2014)and

1 as a result of the expected costs and benefits of claiming compensation

(opportunity cost of at claiming compensation).

Whilst this has generally been confirmed by passengers who state the letigtllaify

and ticket price as majéactors determining their engagemédepartment for Transport,

2020) it is not known how these differences impact the compensation values and revenues
of British TOCs.

4.3Rail passenger delay compensation scheme in Great Britain
Therail passenger delagompensatiorscheme itroduced in the UK is a more generous

version of the scheme adopted by the European Parliament in 2007. The EU directive
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1371/2007 details the level of compensation passengers are entitled to claim for severe
delays- 25% oftheticket price paid for dela/between 60 and 119 minutes and 50% for
delays of over 2 hours with minimal compensation that can be agt & 4 euros
(European Commission, 2007)

The original compensatioachemeoffered on the British railways referred to as the
P a s s e n g e rwashas€domarrangements stipulated by the National Rail Conditions
of Travel. Under these rules, travellavereeligible to receive 50% of the single ticket

price for delays of over 60 minutebhis scheméasnow been replaced by DR.

All of the British franchised TOCs are required to provide compensation for passengers
affected by delays of over 30 minutes with a number of TOCs voluntarily paying
compensation for delays of over 15 minutes as detail&édlie?2.

Table 2 Delay repay scheme rules in the United Kingdom

Delay Compensation

1529 minutes 25% of single tickets (onlgelected TOCs

decided to implement that voluntarily)

30-59 minutes 50% of single tickest
60-119 minutes 100% of single tickest
>120 minutes 100% of return journey

It is noted that the rules shownTable2 apply to norseasonal tickets. However, season
ticket holders are also eligible for compensation for individual incidences of delays. In
such caseshe compensation value forsingle delay incidence isdeterminedon the
assumption of 464 journeysadeon an annuaicket Hencea single journey ticket price
equivalent is calculateoly dividing the total ticket cost by 464. Similar principles apply to
other types of seasonal ticke®rior to the introduction of Delay Repay, undbe
Passenger &harter, season ticket holders were eligible for compensation in the form of
season ticket renewal discosn@ravellers were able to receigaeb% or 10% discount

when their TOC did not meeedormance targets.

Both the guidelines provided by the European Con

of the scheme havwomewhabeen arbitrary with no documented economic research into



23

the effects that lateunning has ompassengearand the value pamsgers place on such a
scheme contrasted with the costs of the scheme.

In the UK, the total amount of compensation paid by TOCs in 2009/10 equalled £2.9m
compared to £89.4m paid in 2019/20 as ghiwFigure3. It must, however, be noted that

the values are not directly comparablahascurrenscheme is very different from how it

was funcioningearlier. First of all, undethePassenger Gharter tle compensation values

also included discounts for seasonal ticket holders. Moreover, while Delay Repay had
already been introduced 2007, it has taken almost 15 years for all the franchised TOCs

to adoptit with Chiltern being the last TOC to joifHaylen, 2019) The levels of
compensatioetween 2009 and 2015 wersibiy lower what catlikely be attributedto

the Passengerso6 Charter @dweleas lowergpopuarityef | i mi t
the scheme arolr higher costs adubmitting claimglueto limited automation.

Since 2016/17, the compensation payments have been oscillating betweeB&iAm

(not adjusted for inflation)n 2019,a number of TOCs also introd
where passengers are eligible to claim 25% of their ticket price following a delay of over

15 minutes. At the time of conducting this research (2019), only two TIOCrOSS

Country and LNER had namtroduedit (Gov.uk, 2020) Theintroduction ofthe DR15

scheme in 2018ortributed toanadditional £5.2m repaid to passengers, tihahg timing

of the introduction of the scheme differed acrtesTOCs and with only one (not full)

year of datdGov.uk, 2020)analysing the impact dhe DR15 scheme is currenthot in

the scope of this work. General@R compensation averagjaroundl% of ticket revenue,
rangingbetween 0.1% to almost 3fdr individual TOCsin 2019.
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Figure 3 Delay compensation paid to rail passengers in the UK betwe20092019
(Source:Gov.uk, 2020)

To better understand the design of the DR compensation sdRigne4 shows the levels
of compensation available for journeys with scheduledeinicle time of 15, 30 and 60
minutes for increasing actual-irehicle times.The compensation thresholds are not
dynanic, i.e. whether the delay is 35 minutes ormiutes does not affect the level of
compensation available. Similarly, the compensationstiulels are the same for all
journeys, regardlessf their lengths. Three types of journeys were chosen for a more
detailed investigatioto depict the mechanics of the scheim&shorter, commutetype
journey, a mediurtength journey and aextremely longourney (as showin Table3).
While these are not necessarily representative of avgrageengeexperience, the
comparisons allowsto betterunderstand the relationship between journey length, delay
length, fares and compensation available to passefdgersomparisonis Figure5 show
compensation per 1% increase in journey time (because of datn@metric of interest
since it allowsusto track the relationship between the relative change in journey time due
to delay and the monetary compensation. While it has to be recognisedithay length,
distance and ticket prices are unlikely to be perfectly correlated, assuming that longer
journeys are typically also more expensive vakie of compensation petdlincrease in
journey timeis large for longer journeysife. Aberdeen tdPerzance) The respective
compensation per 1% of journey time added is smallesHorter journeyss these are
less expensive and a-&linute delay represents a much langgativeincrease in journey

time. Nevertheless, theompensation per 1% of jowey time added initially decreases
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with delay length increasing from 30 to 59 minutsiger 60 minutesf delay, the eligible
compensation equals full fare anongpensation per 1% of journdéiyne addeds at the
same level as for the 3fQinute delay and $iseqently starts decreasing again,
highlighting the impact of the nedilynamic compensation thresholds.

100%
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60%

40%

20% I
|
0 10 20 30 40 50 60 70 80 90
Actual invehicle journey time [minutes]

Compensation as % of fare paid

== 15-minute scheduled J&===30-minute scheduled JT
60-minute scheduled JT

Figure 4 Relationship between actual journey time and compensation

Table 3 Summary of journeys selected for further investigation

Origin Destination Journeytime (minutes) Price

likley Leeds 28 £5.40
Nottingham  London 113 £74.00

Aberdeen Penzance 843 £252.25
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Figure 5 Relationship between delay length and compensation per 1% increase in
journey time for selected journeys
4.4.Comparison with passenger delay compensation schemes operating in
other European countries

The previous section described the rail passenger defapersation scheme in Great
Britain. As noted before,hie basis for the introduction of the scheme dates back to
European CommissioDirective 1371/2007. ThEuropean Commission recommended a
scheme allowing passengers to receive 25%eticket price pad for delays between 60
and 119 minutes and 50% for delays of over 2 hours, with minimal compmensatiatip
to 4euros(European Commission, 200M principle, these rules apply to services across
the EU, howeverit is noted that there might be some local differences related to how the
scheme works in practicélrban, suburban and regiorsdrvices may be exempt from
these rules, butperators are not exempt from paying compensation in the cdsecef
majeure as specified in the judgment related to casé0@/11 against OBB
Personenverkehr AGince then, several European countries or operators introduced the
scheme oits modified version. The schemelea frequently changdyut a comparison
across countrieand operators may give some indication of the differences in the recent
scheme rules across the contindrable 4 presents the rule®r selected counes and
operators that are interesting case studies and offer a scheme that is different from the
scheme based on EU directive 1371/2007.

Some countries, like Great Britain, the Netherlands or Belgium modified the scheme,
providing more compensation and for shorter delays. In most cases, the scheme rules do

not differentiate betweedifferent types okervices and journey lengths. Howeven ihe
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case of Spanish operator Renfe, compensation thresholds differ between different types of
services, with higtspeed rail travellers being eligible for higher relative compensation and
for shorter delays. In case of Czechia, an egegess operator,ggioJet, operates a more
generous scheme than the incumbent Lesk®
competitive position in the market. Moreover, their compensation schemeuitas
complicatedrules as the proportion of fare thgbassengers careceive changewith

journey lengths ani$ based on whetheéheresponsibility for the delay igtabuted to the

operator

Outside of the EU and UK, there are also examples of delay compensation with Swiss
National Railways offering the Estyle compend#@n, Canadian Via Rail offering travel
credits for longer delays and Korean National Railroad providing compensation of 12.5%
of fare for delays of over 20 minutes. In some countries, delay compensation is offered for
the more expensive, higdpeed servies, e.g. Tejas Express in India or higgeed services

in Taiwan.

di



Table 4 Rail passenger delay compensation scheme rules for selected EU countries and operators

28

Delay EU directive Great Spain Spain The Belgium RegioJet RegioJet
(minutes) 1371/2007 Britain (Medium (AVE high-  Netherlands (<1.5h, (<1.5 h, not
(Germany, distance) speed) operat operat
Czechia, fault) fault)
Poland)
15-29 - 25% 25% 50% - - - -
30-44 - 50% 50% 100% 50% - 50% 25%
4559 - 50% 50% 50% - 50% 25%
60-89 25% 100% 100% 100% 100% 100% 25%
90-119 25% 100%
>120 50%

*selected train operators

Percentages represent the portion of fare passengers can reclairiméptatelay of specified length

SourceOper at orsaof 02bsi t e



29

Comparison othecompensation values repaid in various countries is difficult. First of all,
the data availability in most cases is very limited. In the case of the UK, the compensation
dataisaval abl e from the regul atordés website. A
and reports conducted Hgcal governments, operators and regulators to search for
comparable data from other European count@@snpensation data for some countries
may exist but due to languagbarriers the ability to search for it was limited. However,

in a communication witlthe Polish regulator (UTK), as of November 2019, it was
confirmed that the regulator did not collect any data on delay compensation paid to
passenger. Nevertheless, some aggregatedadabout compensation volumes or numbers

of submitted claims wasuccessfullyfound for Spain, Germany and Austri@nother
characteristic that limits the possible comparisons is related to the differences in the
scheme ruledVhile thesearequantifiable, there might also be some technical differences
related tchow passengers submit compensation claims, how comfmmisapaid as well
assome countnspecific characteristicg.g travel costandjourney timeghatcan also

affect the compensation levels andre more difficult to quantify. Hencedirect
comparisons may be impracticélt the analysis of the compeat®n repaid in other

countries can provide some useful context

As discussed before, in the UK, the total amount of compensation paid by T@es in
recenf{pre-COVID) years wasround80mper annumin Germany, 2.7m rail passengers
werecompensatedin 2018 wi th the total c ¢Thepleaals at i on
2019) This represents just over half of the total volume of compensation repaid in the UK

in the correspnding time period. In Spaj 256 claims were submitted per 1000
passengers on higgpeed/longdistance journeys and% on nediumdistance journeys in

2019 (Renfe, 2019) The number of compensation claims submitted for rail delays in
Austria increased from 4,800 in 2009 to 35,000 in 2013f@dd7increase) with the value

of compensation paid chbaaguBgofootm ug720a0a
06 0 0 jn@AMBAPF, 2015;2018) Whilst these headline data provide some valuable
insights, they are aggregdtand not directly comparable between the countries

4.5.Comparison betweerpassengedelay compensation scheme operating in
railways and airline market

Whilst the main focus of thishapteris on the delay passenger compensation scheme

operating in railwayst is worth commenting oa similar schemeperatingn the airline

market There are some unique characteristics of the two modes of transport that are likely

to justify the differences ipassengedelay compensation schemes between airlines and
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railways but in principle, the two schemes are similarisT¢ection aira to review the

airline compensation scheme and compare it to the scheme operating in railways.

In 2004, the European Commission adopted 261/2004 legislation, establishing common
rules rgarding compensation and assistance to passengers whose flights ard delay
cancelled within the BlogEuropean Commission, 2004Turrent regulations, i.e.
261/2004 legislatiofEuropean Commission, 20048t the compensation levels based on
route length, length of delay, aitd causePassengers delay due to external factors (that
areoutside of thea i r | i n e) are notetigible foroany compensation. However, the
airline is obliged to take care of passesgard ensure reasonable arrangements are made
to provide the service. For eligible air passengers affected by a delay, the compensation is
nat linked to the ticket pricéas is the case with railways). Hence, thera p@ssibility of
compensation beinrgerthan the ticket price, wh is often criticised by the airlines
(ERA, 2019) Levels of compensation set out by 261/2004 regula{iBaropean
Commission, 2004are detailed iMableb.

Table 5 Airline compensation scheme rules in the EU (European Commission, 2004)

Length (km) Delay Compensation
(euros)
Short-haul <1500 >3h 250
Medium-haul 15003500 >3h 400
Long-haul >3500 >4h 600

The definition oft h exterdal facto@has been a cause of multiple disputes with several
cases taken to colurope Economics, 2019)he disputes were with regardsthether

delay causes such as airport secuaity airline staff strikeor faults in the functioning of

an aircraft can be regarded as extraordinary circumstances or not. Examples of court cases
are G549/07 WallentirHermann and B2/2013/3277/CCRTF Hugaurope Economics,

2019) The difficulties in establishing clear criteria for what can be classified as the
disputable extraordinary circumstances and the high levels of compensation available (as
the compensation, unlike in rail, is not linked to the ticket price) have caused tlyeroger

of third parties. These act as intermediaries between passengers and airlines in the process
of submitting compensatiotiaimsand usually opate a newin, nofee model(Europe

Economics, 2019)These companies use social media platforms for marketing to increase
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passenger awareness agwcourage them to use their services. Kenny Jacobs, chief
marketing officer for Ryanair (one of the leading lowst airlines in Europe), claimed in

an interview that for every £10m of compensatich£Em is directed tthethird parties

(The Independent, 2018)

With the level of compensation not being linked to ticket pricethedrrival of low-cost

airlines which often offer tickets priced at even less than 10 euros, the amount of
compensation passengers could be entitled to in many cases is several times larger than the
original fare.Hence,especiallypassenger travelling on lowcost airlines may benefit
morefrom the compensation while the leswst airlines may be more affected by the levels

of compensation they have to pdhe European Regions Airline Association conducted

a review study of the current EU261 regulation and surveggioyees of selected airlines

t o gain i nsi ghperspedtiviERA, 2018)&he repod focuged on smwller,
regional airlinesandargued that the compensation reyanats large portions of thevenue

margins and leads to reductions in the range of services offered by the operators. For the
airlines involvedin this study, the compensation paid to passengers increased by over
300% between 2016 and 200%th the average compensation represen800% of an
average ticket price. The report recommended some changes to the regulations, including
exoneration of PS@outes from the scheme, limiting compensation to a proportion of
airfare, extending the delay threshold from 3 to 5 hours and acknowledging thedknock
effect of extraordinary circumstances on the whole dhgit programmgERA, 2019)

Finally, it was argued that ttapplication of rail compensation scheme rules (in the form
recommended by the European Commission) would lead to almost trebifregnuner

of eligible passengers adhlvingoft h e s ¢ h e (BERA 2019 M®@ebwwr, the

results of an anonymous survey conducted among airline employees suggested that most

of the emplgees felt that the current regulatibas a negative impact on safety.

The current provision of delay compensation differs betwtherrailway and airline
industries. There might be some differences in the characteristics of air and rail travel that
provide reasoning behind the different models of delay compensation for the two modes.
For example,ri the European context, it is highly unlikely tlaatexperienced rail delay
strethesto more than a couple of hours duatelatively dense and small netwotkgh
frequency of departures, availability of alternative modes in the event of disruption or
ability of train operating companies to provideeplacementelatively quickly. Flights,

on the other hand, tend to be less frequent, meaning that in Gagelaf it may be more
difficult to find an alternative quickl{i.e. flights cannot always be as easily replaced by a
bus or taxijourney,as is the case in railways). Taking @ileseinto account, it is more

likely for air passengers to be affected bydthier delays than for rail passengers. As a
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result, air passengers tend to inclimlgesafety margins in their journeys to increase the
probability of arriving at their destination before their preddrarrival timg(NEXTOR,
2010)

The summary of major characteristics of the rail and air delay repay schemes in the UK is
provided inTable6. Currently, rail passengers can be compenagi¢d the maximum of

fare paid, whereas, airline passengers can only get compensation for extreme delays (only
caused by airlines) with competisa not being constraed by the ticket pric&imilarly,

as in the case of the rail compensation scheme, the airline compensation scheme does not
offer any compensation for passengers below the selected thresholds that, unlike in rail,
vary and depend othe category of journey lengths. Therefore, compensation is only
available for passengers affected by larger delays, usually only when the actual journey
time is double or trile the scheduled journey timeis, therefore, important to investigate
whetter there is a threshold beyond which passengers should get compensated more than
they paid for the ticket, both in the rail and airline contexts and at what levels of delays rail
and air passengers should start being compensated. Whilst such considaratioisn

the scope of this study, it is recommended that policymatkeestigate these in the future

Table 6 Comparison of rail and airline compensation schemes

Characteristic Airline Rail

Cause of delay Only eligiblefor compensatior Eligibility irrespective of

if thedelayis caused by the who/what caused the del:

airline in the case of Great Brita
Value of Not linked tothefare paid and Represents a proportion
compensation can be larger thatheticket ticket price
price
Availability of Airlines generally have near TOCs usually have more
information to perfect information on the limited information about
the operating number of passengers, thei the number of passenge
company journeys and characteristics affected by delays

In recent years, a large increase in demand for air travel has been fuelled by a rapid
expansion of lowcost carriers (LCC) and the increase in demand generally had a negative
impact on performancéDobruszkes, 2006; Pratt and Schuckert, 20B8gadra 2009)

suggested hiat passengers travelling on discounted fares are less likely to submit
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complaints. This may be a result of LCC passengers accepting lower quality in return for
lower travel cost¢ O6 Connel | and Williams, 2005, Bhad:
However,O6 Connel | and sWgdsted tham there(aPeOals® Pignificant
differences in the characteristics of passengers choosing traditional anddbairlines.
NeverthelessBhadra (2009argued that this process can be seen as a mutually beneficial
exchange that can be disrupted by extensive regulation. Forbes (2008) argued that
passengers complain if the quality is worse than what they expected. Therefore, another
reason why LCC passengers are less likely to complainbmdye to an expectation of

lower quality. An exampleapplication of the lowcost carrier phenomenon to railways
could be an introduction of special ldare tickets with limited eligibility for
compensationréducing revenue risk to TOCStudying this phenomenon further could

also help understand the differences in passenger engagement in the claiming process
based on different journey or operator types. However, as alyuta Department for
Transport (2016)competition in theairline sector has resulted in lard@terogeneity of
customer carand regulation mawtill be needed to sehe minimum customer care
standards. Whilst competition is greater in airlines and the extent of existenceaafdbw
carriers in airlines cannde translated to raiftead et al. (201%uggestd that in theGB

rail, open access operators have been typically scoring better in terms of passenger
satisfactiordespite worse performance in terms of punctuaklityatcould be due to lower
expectations Department for Transport (201&uggested that it is not clear whether
increased competition would be able to addess potential issues wittihe quality of
customer service in railways, highlighting the need for including compensation schemes
as part ofranchise agreements with TOCs. On the other haregchiais an example of a
country where a new entrant Regidbffers a more generous compensation schibare
theincumbent Regi oJet , n. d.Nevelthelssg i®is airestli difficult200 1 6 )
undestand the motivation behind the provision of a different scheme by theaspess

operator and its possible impacts on the respective market shares of the operators.

46,Anal ysis of the British O6Delay Repayéb
Sectiord.3introduced the rules of the rail passenger delay compensation scheme operating
in Great Britain.Sections4.4 and 4.5 summarisedhe compensatory mechanisms for

travellers operag in other European countriesd the airline market.

Noting that the specific focus of this thesshie railway market in Great Britaifiable2
introduced the rules for therilish rail compensation schenihe analysis conducted in
the following sedbns aims to investigate how ttisheme works in practice, how its rules
affect itsoperations and passenger engagengent,the impacts it has drain operator

revenues Undersandng the impacts of the scheme on passengers and operators and
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contrasing its costs and benefits currently not in the scope of the work conducted as part
of this chapter as the focus remains on the costs of the currently operating scheme.

With regardto the benefits, it may be expected that the scheme has an impact on demand

through:

1 encouraging more demand due to travellers knowing that if they are delayed, they
can be compensated or

9 limiting the demand losielatedto worsening performance.

It is, however, unlikelyfor an econometric analysis of the relationship between the

compensation values and ticket sales to provide any insights into the size of any of the two

aforementioned effectss they are, in fact, difficult to be observédmore appropste

line of analysis would possibly include studies usétgted prefeence surveys. These

couldprovidesomé nsi ght s i nt o ttapaycebe pratacteddy andeldyl i ngne s s
compensation scheme ibs impactson t r avel | er s6 Asthimdhap@gr mode <choi c
focuses on the costs of tl#ER schemeit is appropriate to consider factors affecting

compensation levels.
In principle, the compensation levels depend on:

1 the rumber of passengers eligible to claim compensation
1 the poportion ofeligible ppssengers whsubmt compensation claimesnd

1 the walue of compensation for an eligible passenger

Having ignored the heterogeneity in ticket prices and experienced delays for different

journeys, the total compensation can be represented as:
YE€ oGdan Qe i wo ME & OQadER O00LQI HQARQE 6Q
(1)
where:
0'Qa wandd L Qi &R Q aré &ogenous

I represents the proportion of eligible passengers who claimed compensatitme

engagement rate

1 represents the proportion of passeng&€ (@ w)eelgible to claim compensation and

depends on the scheme rules

—represents the proportion of fare available for compensation which is specified by the

scheme rulef.e. Table2).
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Whilst the scheme rules are giefined and directly affect both and—, both parameters

are also likely to be affected by performance levels. At the samelltiimeetermined by
passengerso |l evels of engagement with the
the scheme, i.e. where all delayed passengers receiygensation automaglly, this

would be equal to T hisleads to a discussion abdhietwo main driverof compensation

levels namely eligibility (total compensation passengers could have claiohgm@nding

on scheme ruk and engagement (proportion ohgsengers that decided to claim

compensationflepending on how many eligible passengers submit claims, i.e.
6&anNQEi OOMEDQUOEMN DD WQG Q& O

(2)
4.6.1. Passenger engagement with the scheme

It remains difficult to estimate the number of passengers affected by a given length of delay
due to a very large number of ticket types, large number of station stops, different origins
and destinations as well as varying delays at different station. $topsost countries,
performance of rail network is measured withfocus on the supply side of delays, for
example looking at the proportion of trains that artivéhe destinations within a given
margin of delay(Rietveld et al., 2001; Preston et,a2009) However, this is not
informative of the proportion of passengers affected by different levels of delays. This is
due to each train being treated equally and not weighted by demand. Therefotbgfrom
passengebR perspective, the focus of momiing performance should be on the demand
side, looking at the number of passengers affected by given lengths of ((Rrlzsten et
al., 2009; Transport Focus, Z)1Nevertheless, the delay length measured by train arrival
does not necessarily represent the final delay for passeagéhey carbe affected by
congestion astations crowding on boardPreston et al., 200@ndmissed connections

The number of claims and value of compensati@ne increasingpreCOVID, which

could poteritlly be caused by two reasons, i.e.

1 increased demand and more delays, translatingpte passengelmingeligible
to claim or
9 reduction inthe costs of submitting claim resulting frommaking the claiming

process easier

In recent years, there has been afdhterest from the regulatory bodies, the public and
TOCs regarding the levels passenger engagement with Ble schemeDepartment for
Transport (2020hoted that while the proportion of passengers claimingpemsation has

been increasing, only 39% of surveyed passengers who experienced a delay qualifying for
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compensation decided to engage with the process in 2018. There is evidence that
passengers affected by lengthier delays and/or travelling with more axgokets are

more likely to engage with the scheme (Department for Transport, 2019). Most of the
eligible passengeraho knew about the scheme but decided not to claim cited low
expected compensation compared to the costs of engagement as the maim faraso
choosing not to submit clainfPepartment for Transport, 202d)he marginal propensity

to claim compensation may be rRoonstant as passengers quoted length of delay and ticket
price as two major characteristics motivating thaititude towardshe scheme with
estimaed claim rates ranging from 22% on Transport for Wales to 64% on LNER
(Department for Transport, 2020)o better understand the drivess engagement, the

costs and benefits of applying for compensation have to be understood in more detail.

In recent years, efforts havedremade tdacilitatethe process of claiming compensation
throughthe introduction of automatic repayments, more available information about the
scheme for customers and/or online repaymestesns (Europe Economics, 2019).
However, in most casgthe clam submission process is relatively troensuming and

often requires providing a photo of the ticket used, personal and journey details with
passengers having to create an account for each of the operators separately. Selected TOCs
now offer automated camensatdn for season or advanced tickdtewever, the impact of
automation has not been understood very well so far. The process usually, in fact, requires
some initial -cefifcokrot pprloucse sss ffaonesubmit c¢cl ai ms, re
removingthe marginal costs of submission. Fully automating the process, while reducing
administrative costs of the scheme, would reqtheeusage of smart ticketing as the
current ticketing system does not allow for accurate tracking of passenger gaupdg

the existence of anytime tickets not matched to just one service. As suggested by Railway

Technology (2020), this also leads to fraudulent claims.

To better understand what influences the proportion of eligible passengers applying for
compensation, the sts and benefits of applying for compensation have to be understood
in more detail. As suggested IBurope Economics2019) the costs of applying for

compensation can be divided into three steps of submitting a claim:

1) becoming aware of thé D e | epapscReme
2) gathering information abouke eligibility and claiming procesand

3) claim submission

Mai nstream economics assumes that consumerso6 de
their personal preferences and available informatiumope Economics2019) hence

assuming that travellers are rational, they only submit a claim if the value of compensation
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is larger than the expected costs ofdf@@m submissionThe total costs of engaging with
the scheme can differ for each of theramentioned three steps of submitting claims, as
outlined inTable7.

Table 7 Costs related to each of the steps of the claing process (Europe
Economics, 2019)

Steps ofthe claiming process What influences the costs

1. Becoming aware General availability of information abou
the scheme at stations, traiperating

compani es 6 saial maediat

Provision of hformationabout the

experienced disruption.

2. Gathering information about  Availability of information about
eligibility criteria and the claim eligibility, value of potential

submission process compensation and how to submit a clai

3. Claim submission Difficulty of submitting the first and
subsequent claims (i.e. creating an
account for the first submission and the

filling in application forms)

The first two steps can be thought of as the initial costs that are only incurred at the first
instance of delay where a delayed passenger decides on whether or not to engage with the
scheme. The costs for the third step have to be incurred for eachctdithesubmissions

unless there is a fully automatedmpensatiorsystem. This mechanism is conceptually
similar to switching bank accounts or energy providers thigépotential for benefits after
investing time and effort to engage with the prodessdscussed irklemperer,1995

Wilson andPrice,2005 The Social Market Foundatipf015 Europe Economic£019)

When thinking about engaging with the scleempassengechooses whether or not to
claim compensation based on the disutility created by the d#iesy will be further
explored as part of this thes@)dtheexpected benefits (minus costs of submitting claims)
which include the monetary competiea but are not limited to that form of compensation.
Europe Economics2019) argue that there are behavioural bgagseatinfluence the

decision on whether tsubmit claims that ameot based on the assumed rationality, i.e.
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1) Behavioural biasmay increase passengargagement with the scheme as delays
can be perceived as unfair. Receiving compensation (even if small related to the
time spent submitting a claim) may be perceived as a benefit per se.

2) Especially the more frequent travellers @éve a possibility of encountering more
delays in the future. Therefore, they may see incurring the initial costs as an
investment forthe accumulation of benefits in the future, i is called a
projection bias.

3) Even if the benefits to castatio wouldindicate on claiming to be rationéle.
large compensation for a small amount of time spent on sending a,dlaén)
default behaviour, however, is not to engage with the scheme regardless of the
expected benefitEvidencf r om t he peerolma rotnd 6sasauh emes suggest ¢
that the default effects have large impacts on behavioural ch(itespe
Economics, 2019; Hardcastle, 2012; Leicester et al., 2012)

Hence,iis of interest to investigate how journey and passenger characteristics affect levels
of compensation repaid by different TOO$ese caninclude journey purpose, length,
fare, delayengthand/or journey comforSimilarly, passenger characteristics such as age,
income, education level and access to intemay also affect claiming behaviou
However, analysingimpacs of passenger characteristics is more difficult and would

require conducting passenger surveys.

It is crucial to test the hypothesis thhe marginal propensity to claim compensation
increases with fares and/or delaypgthsas suggested yurope Economics (201@)nd
Department for Transport (2020)s longer delays and higher ticket prices mean higher
eligible compensation, claiming compensation for longer delays is naturally more worthy
of investing time and effort. Moreover, some typepa$sengers may be more sensitive
to delays as shown by research into delay elasticfiardman and Batley, 2014;
Wardman and Toner, 2020; Wiman and Batley, 2022)nd higher engagement levels

may alsaresultfrom the aforementioned behavioural biases.

Summarising, e total amount of compensation repaid to passengers depends on how
many passengers are eligible to claim compensation angefientage of eligible
passengers that submitted claims. Eligibility, which can be understoddeédstal
compensation passengers could have claimed, depends on perforanaifaes levels

and is determined by the schenes, whichare predefined. igagement, on the other
hand, is expected to increase with delay leagithticket priceThe following section will

aim to quantify these effects.
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46.2. Quantitative analysis of the impact of
Toexplorethe impacts ofthe DRessh e me  on t he o gamongerformanée, r even
compensation, operation, amevenueswere obtained forthe British franchised TOCs
from the regulatordos website. At the ti me
annually for at least 5 yesmbetween 201&8nd2019. TOCs and the regulator as of now
(2023) publish monthly data on the number of claims and compensation volumes.
However, caution would be needed in comparing@@/ID data used as part of this
analysis withthe data fronthe COVID and postCOVID timesas thesgeriodsmay be

characterised by structural changes in railway usage

As compensation represents a percentage of ticket price, it is natural that (agbeming
same levels of performance and engagement)sicb@acterised bynore demand repay

more compensation, with average compensatioreasing in line with faregé\s shownin

Figure 6, between 208 and2020, the averageompensation was below 20 pence per
passenger journey for most TOCs. There are, however, two TOCs characteramed by
average compensation of between 20 to 100 pence per passenger journey, namely Avanti
and LNER both mainly opetting longdistance servies ancemployingthe same version

of DR as most of the other operatoFaurther analysis aims to analytbe impact of TOC
characteristics othescheme costs.
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Figure 6 Boxplot of compensation per passenger journey for years 262020

The impact of average fare @wtal compensation can be divided into four distinct effects

thatwere identifiecbased on the work Byurope Economics (201:9)



40

1) Engagement effect increasedclaim ratesfor journeys withhigher faresdue to
anticipation oflarger benefits and differences in passenger types or journey lengths
leading to heterogeneity thedisutility of lateness.

2) Eligibility effect: if longer journeys (in terms of distance) are more delayed (i.e.
journey length and delay letigare correlatedthe incidence of longer delays that

gualify for compensation is larger among TOCs operating such services

3) Revenue effect i f the TOCOGs average fare is
journey will also be higher as compensatiepresents a proportion of ticket price.

4) Fare increase effectchanges in compensation per passenger between years could be

explained by changes in average fasulting frominflation.

With fare increasebeing marginal compared to the differences inrage fare between
different TOCs, the revenue effect is a natural phenomenon, resultinghfieeac h e me 6 s
design and passengersd6 behaviour does not
and to enable inferences about engagement levels, it issaegdo control for the revenue
effect. Therefore, compensation to ticket revenue ratio (ORR}ped as the primary
variable of interest, i.e.

"Y€ 0GEOG N QE T WO QE ¢

oYY —5a————, QP TTb
"Y€ oMuQeos‘g

(3)

Whilst thefocus so far has been on compensation, it is necessary to look at the relationships
between all of the aforementioned variables. The compensation, represented by CRR, is a
function of eligibility and engagement as shmiw Figure?7. With eligibility being mostly
affected bythe pre-defined scheme rules andeop at or 6 s p eenghgemenia n c e
suggested to deperwh both fare levels and performance while both are likely to be
correlated with journey time odistance(though likely notperfectly). The levels of
engagement will also depend on fbarney type angassenger characteristidhough

when using aggregat(i.e. operatetevel) data, it is not possible to disentanglesth

effecs.

hi gher,

have

t he

a
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Figure 7 Schematic of the relationships between variables

Two existing metrics reported by ORR can be particularly useful in studying the impact of

performance on compensation levels:
1) AveragePassengekateness (APL)

APL reported by ORR represents the estimated length of delay an average passenger on
the British rail network is subjected to. This can be thougfrds the mean of passenger
delay distrilution, but the compensation scheme only depends on the number of passengers
affected by the more severe (and relatively more uncommon) delays. Therefore, this will
depend more on the skewness of the delay distribution, rather than its mean. It can,
however be expected that average lateness generally increasesheitmcreased

incidence of longer delays
2) The poportion of station stops delayed by over 15 minutes

As passengers are eligible to claim compensation only for severe delays, the distribution
of delays is important in determining this and the metric reporting the proportion of larger
delays is useful in understanding the shape of lateness distribution. However, it is focused
on the supply side of delays, weighting delays by station stops. Theatsics are, as
expected, highly correlated (r=0.95). It can be expected that with more station stops being

severely delayed, an average passenger experiences a longer delay.

Table 8 summarises the distribution of values for the selected variables related to
performance, operational characteristics and compensation for the British franchised
TOCs.
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Table 8 Summary statistics(comparison between TOCS)

Variable Minimum Maximum Mean Standard
deviation
APL (min) 0.8 10.5 3.78 1.95
Average Fare (£) 3.0 36.8 10.7 9.8
Average Journey
24.5 260.6 71.8 66.3
Length (km)
Claims per 1,000
0.5 21.6 5.3 5.2
passengers
Compensationper
passenger journey 0.3 102.7 11.8 20.7
(pence)
CRR (%) 0.1 2.8 0.7 0.5

Station stops
delayed by over 15 0.3 8.7 2.8 2.1

minutes (%)

*2018 and 2019 only

The TOCs were divided into three categories based on average journey length,
representing shofup to 50 km), medium (5000 km) and longlistance journeys (over
100 km)as shown inTable 9. This categorisation actas a proxy for differences in
passenger anayjirney characteristics thatay affectlevels of engagement for different
journey lengths. Additional categorisation was based on whether the TOCespsttan
South East of England where London is a major attractigingkar segmentationhave
beenused in, for examplefare elasticities recommended by PDEATOC, 2004)
(highlighting the potentigor differences in engagement)

Table 9 Summary statistics for selected TOCs

TOC TOC LSE Average Average APL CRR
type TOC length fare (£) (min) (%)
(km)

Avanti Long 0 197.2 31.2 7.36 1.32
Chiltern Medium 1 55.6 8.1 2.08 0.22
CrossCountry Medium 0 91.5 13.6 5.83 1.02
EastMidlands Medium 0 88.6 14.7 4.03 1.05
Govia Short 1 26.8 4.6 2.71 0.38
GreatWestern Medium 1 61.5 10.4 3.55 1.12
GreaterAnglia  Short 1 45.5 7.6 2.55 0.74
LNER Long 0 260 36.8 8.13 2.79
Northern Short 0 26.8 3.1 4.02 0.51
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SouthWestern  Short 1 28.0 4.8 3.22 0.49
Southeastern  Short 1 25.8 4.7 2.19 0.41
TIW Short 0 36.8 4.5 3.66 0.93
Transpennine Medium 0 72.0 9.0 8.43 1.61
WestMidlands  Short 1 39.6 4.9 4.62 1.12
c2c Short 1 25.4 3.7 0.80 0.01

As the pricing model naturally suggests, longer journeys are usually more expensive with
average fare per kilometre of journey length ranging from 11.6 to 18.2 pence in the
investigatedsamplelt is noted that the opposite may be true in the casslswer versus

faster serviceshowever,due to data aggregation, it is reasonablagsume that overall
TOCs characterised by longer average journassscharacterised by larger average
revenue. As expected, average journey length and average fare areedsachtiyan

almost perfect positive correlation (r=0.99) as shownahle10. Average journey length

is positively correlated with average passenger latdre858), meaning that on average
longer journeys are characterised by longer delays, possibly representing a smaller
percentage increase in journey time. This could be due to the fact that while the total delay
minutes usually increase with journey tintke marginal delay decreases with journey
length due to some possible differences in journey characteristics, scheduling or capacity
utilisation and deman@Armstrong and Preston, 2017; Yap and Cats, 20Raking all

this into accountn averag@assengers travelling on more expensiicewill usually

be subjected to a longer delay overall resulting in a smaller percentage increassein jou
time. This, in turn, means that while a higher percentage of passengers on the more
expensive journeys will be eligible to claim compensation, higher claim rates can be
expected due to longer delays and more expengikets as was also suggested by
surveyed passengdiB@epartment for Transport, 2020phis is likely to have an impact on

the proportion of ticket revenue repaid by different TOCs.

Figure8 shows a box lpt of the number of claims received by each of the TOCs in each

of the categories per 100,000 passenger journeys made in 2019. It can be immediately seen
that, while the ranges are similar for short7Q0 claims per 100,000 passengers) and
mediumdistane (85820 claims per 100,000 passengers) TOCs witttightly larger

median value for mediurdistance TOCs, all londistance TOCs saw a larger number of
claims per 100,000 passenger journeys in 2019-882® claims per 100,000 passengers).
Here, it is woth reminding that in Spain, the equivalent number of claims submitted was
between 100 and 250 per 100,000 passengers, suggesting that the UK figures are typically
higher.
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Table 10 Correlation matrix

wm @ & @ 6

(1) Compensation to revenue ratic 1.00

(2) Average passenger lateness 0.88 1.00
(3) % stops delayed by over 15 0.85 0.94 1.00

(4) Average fare 0.81 0.75 0.84 1.00

(5) Average journey length 0.82 0.78 0.86 0.99 1.00
o

S 4

<
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1

Claims per 100,000 passengers
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Figure 8 Boxplot of the number of claims per 100,000 passengers

The KruskalWallis (Kruskal & Wallis, 1952)test was used to assess whether the
differences in the withitategories distributions are statistically significant. The null
hypothesis of the KruskalVallis test is that the distribution of claims per 100,000
passenger journeys is similar across the TOC categories. The data were rankée from
lowest tothe highest value of claims per 100,000 journeys as shoviigure 9 for 22

TOCs where data on the number of claims was available
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Figure 9 Ranking of claims per passenger journey by TOC type

While the null hypothesis of identical di s
hoc testDunn, 1964¥or each pair of categories was used to test whether the probability

of observing a random value of claims per passenger journey in the firptlgging larger

than in the second group is equal to 0.5 under null hypothesis. The null hypothesis was
rejected for shottong distance pas(p=0.0004) but failed to be rejected for shadium

and mediurong distance pairs {palues of 0.070 and 0.053While this provides some

evidence for the fact that longer journeys attract more compensation claims, it is now of

interest to asses$le extentto whichthis affectsoperator revenues

At the time of collecting the data, only two full years of data were available on the number
of claims submitted to each of the TOCs, limiting the ability to analyse the impacts of
eligibility and engagement on claim rates. Moreover, the claim rates @&00Djourneys

do not provide any information about the revenue impact. For these reasons, the main focus

of this study remains on a more robust variable, nathelaforementione@RR.

An econometric model was constructed to test the impact of perfoemavels and TOC
characteristics on the compensation payments made to passengers as paiRf the
scheme Data for 4 yearsvere used starting in 2016/17 as this is the first year where
compensation payments became to be directly comparable betweenTHe@ayments
made as part of the DBivere excludegas previously discussed. It was assumed kieat t

scheme rules are homogens across all the TOCs while remembering that increasing
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automation of the scheme througbneclick claiming process on advaett or seasonal

tickets may have generally reduced the costs of submission throughout the years. To make
comparisons between TOCs possible, the compensation to revenue ratio (SRigurein

10) wasused ashev ar i abl e represent i ng wheire eligililityh e me 6 s
is determined by performanceepresented by APL and proportion of stops delayed by

over 15 minutes) and engagement determired by both performance and fares

(representetty APL and average fare)

2016 2017 2018 2019

Avanti

Chiltern

Cross Country
East Midlands
Govia

Great Western
Greater Anglia
LNER
Northern
South Western
Southeastern
TfW
Transpennine
West Midlands
c2c

T T
o .01 02 03 0 .01 .02 03 0 .01 .02 .03 0 .01 .02 .03
Compensation to revenue ratio (CRR)

Figure 10 Compensation to fare ratio between 2016/17 and 2019/20

A more detailed inspection was conducted to better understand any pdsgtbdaces in
the compensation schemes offered by th& @& sin the4 analysed/ears The following

observations were made:

1 Chiltern, for examplewas offering a different version of the scheme, making
direct comparisns with other TOCs impossibl&he DR was onlylaunched for
Chiltern in 2022 as prior to this, travellarsuld onlyclaim for delays of oveB0
minutes when disruption was withonp e r acontot difer all delays ofmore
than 60 minutegGlobal Railway Review, 2022)

1 In addition tothe DRpaymentsGovia repaid £2.2m in 2016 and #h2n 2017 to
Southern season ticket holders for extraordinary disruption in 2016.

1 Great Western Railwayonthly and annual season ticket holdeese still being

offered seasonal ticket discounts rather tb&qbut the mpact of this orthetotal

reve|



47

compensation payments wasemed to bemited (Great Western Railway, 2019;
Gov.uk, 2020)

9 Transport for Wales only introduced the scheme in 2018 and SoutaVést
2017.

1 A large increase in compensation payments by LNER in 2019 cannot be fully
explained by a similar increase in APL. To mitigate that, the additional dummy
representing 2019 LNER will be introduced e tmodel as a sensitivity test.

Taking allthese into consideration, Chiltern, South Western and Transport for Wales were

excludedrom further analysis.

An OLS modelwas constructed to test the impacts of both eligibility and engagement on
the revenue burddnepresented as compensation to reeamatio 0 Y 7)) of the scheme

for the selected 12 British TOCs fireyears 2016019 The equation below presents the
initial specification of the model (OLS1 ifable12):

6YY T 1 00H T 'ObipQ
(4)

where:
“Q each of the TOCs in the sample
0: year
0 "Y'Y: compensation to revenue ratio
o 0 p : average passenger lateness
"Ow i ‘Qaverage fare

As shown in the equation abovbetfirst model only includes two explanatory variables,
namely the average fare and ARAPL increass both eligibility (i.e. only longer delays
qualify for compensatiorgnd engagemefs previous research suggests that engagement
generally increases with delay lengthi#jus the APL coefficients a proxy forthe
combined effecthat increased eligibility and engagement have tba compensation
levels.Average fargefersto the additional effect that the increased fare (and thus journey
length as both are highly correlated) has on engagement leleglse! correspondto

the additonal engagement resulting froateness disutility whét!  correspondto the

increased engagement dudhe opportunity cost of not claiming compensation.
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Subsequently, the modehsextended witilable11 providing moredetailed information
about theadditional variables used in the modellinghese include uimmy variables
representing TOC charactercgtiand time trendsvloreover, the variable describing the
distribution of delays[@15) is introduced to the model and as part of sensitivity testing
with average fare replaced with long distance TOC dummy variable.

Table 11 Summary of variables used in the modlling

Variable  Type Expected Comments Included
impact in OLS
models
CRR Continuous Dependent n/a 1-4
variable
APL Continuous Positive Represents the combined 1-4

eligibility and engagement
impact of performance

D15 Continuous Positive Percentage of station stops 2-4
delayed by ovet5 minutes
represents the combined
eligibility and engagement
impact of performance, focusin
on the performance distribution

Fare Continuous Positive Represents the impact of 1,34
additional engagemenglated to
claiming compensation for mor:
expensivdickets (opportunity
cost of not claiming
compensation)

Long Categorical, Positive Replaces average fai@ 2

distance  binary represent the impact of
additional engagement on long
distancgourneys, whictcan be
expected due to higher prices;
included for sensitivity testing

LSE Categorical, Positive or Using aggregate TOC level dat 2-4
binary neutral it is not possible to apply flow

segmentation, typically used in
rail demand reseah (Institute
for Transport Studies et al.,
2016) However,t is possible to
test if passengers using TOCs
operating in the South East
claim more or less
compensation, whichhay be
due to higher sensitivity to
lateness (increasing engageme
with the scheme) or higher
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incomes (withlower marginal
utility of incomeresulingin
lower engagement levels

LNER Categorical, Positive  Takesinto account a relatively 2-4
2019 binary large change in CRR between
2018 and 2019 for LNER not
accompanied by a large chang:
in performance levels.

Year Categorical, Positive or Tessthe impacts of potential  2-4
binary neutral increased automation or
knowledge abouhe scheme
with time or any potential year
related effects.

The OLS econometric model was run to test the impact of increasing lateness and fares on
the revenue burden of the scheme on different types of TOCs through increased eligibility
and engagment as a crosectionaimodelin its simpler form(modelOLS1in Table12),

with addition ofthe aforementioned controls (OLS8 OLS4in Table12) as well as the

OLS2 version of the modeérunas arandom effects panel mod®&[ in Table12).

Random effects were found to be rgignificant in the BreuschPagan Lagrange
multiplier (Breusch & Pagan, 197§)=0.13), suggesting that a simple OLS model is run.
A model with TOGspecific fixed effects is not included as it is believed that any

differences in the scheme related to the claiming processes may be year, not TOC, specific.

The results iMablel12, suggest that for each £1m ticket revenue, each 1 minateaige
lateness costs TOGsound£2000 in compensation. Long distance TOCs, at the same
time, repay an additional £4500 (or £2060each £10 of average fare) while London and
South East operatorgpay amadditional £170&2300. LNER in 2019 repaid more than
expected byrte lateness levels, suggestihgttan additional £9630 was repaid for each
£1m revenue. fie ime trend was nattatistically significant, suggesting thaterall,the

changes in the scheme have not had any significant impact on claim engagement.

It is noted that inclusion of the additional variables increases4kialie, as the model is
able to capture the laggportion of the variation in the CRR values. Moreover, the simpler
model (i.e. OLS1) suffered from narrmally distributed errorsShapird Wilk test for
normal datgShapiro & Wilk, 1965) p-value of 0.0388). This improved with the addition
of controls.The likelihoodratio test(Wilks, 1938)was also run to test whether adding
more predictors significantly improves fit (between OLS1 and OLS4Jye<0.0001). In

conclusion, the extended version of the model (i.e. OLS4) may be -beitiedl for
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modelling the studied relationship as the additional varialales able to capture the

additional effects that average fare and APL are not able to capture on their own.

Table 12 Modelling results

OLS1 OLS2 OLS3 OL34 RE
APL .0018** .0024*** .00271*** .0022%** .0024***
(.0003) (.0005) (.0004) (.0009 (.0005)
D15 -.0444 -.0378 -.0408 -.0559
(.0545) (.0476) (.0517% (.062)
Long .004 5%+ .0003 .0049***
distance
(.0013) (.0022 (.0016)
LSE .0017** .0023*** .0023* .0015
(.0008) (.0007) (.0009 (.0011)
LNER 2019 .0096*** .0090*** .0090** .0096***
(.0021) (.002) (.0029 (.002)
2017 -.0005 -.0004 -.0004 -.0005
(.0008) (.0007) (.0007% (.0007)
2018 -.0001 .0001 .0001 .0000
(.0008) (.0007) (.0009 (.0007)
2019 .0005 .0007 .007 .0005
(.0008) (.0008) (.0009 (.0007)
Fare .0002* .0002*** .0002*
(.0001) (.0000) (.000)
Constant -.001%7 -.0025** -.0038*** -.0038** -.0022*
(.0008) (.0010) (.0009) (.001) (.0012)
N 48 48 48 48 48
R-squared .83 .89 91 .92 91

Standard errors in parentheses
*** n<.01, ** p<.05, * p<.1

As previously discussed®PL increases with journey length aniolis with average fare.

Table 13 showsthe average fare and APaveragedor short, medium and lordistance

TOCs. These are then used to compute the average effects of performance on eligibility

and engagement arloe addiional engagement effect of average fassngthe different

models estimated imable12. On average, the effect of APL on compensation increases
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from 05% of revenue on shedistance TOCs to 3% for longdistance TOCs. The
additional engagement related to the increased opptyrticost of not claiming
compensation translates to 0.1% of revenue for shstance TOCs to @% for long
distance TOCs. Both effects combined lead to an increasing burden of the scheme for
TOCs operating longer journeys. Therefore, an average-distance TOC would
typically repay around 6% of their revenue compared t&@% and 0.3% for medium and
shortdistance TOCs respectivelgonsidering the fact that journey length and average
passenger lateness are correlated, if 4distance TOCs repay ardger proportion of
revenue, they repay more than what would be suggested by their performance levels. If
this is the case, it might be needed to fardeconomic or regulatory explanation and

reasoning for this discrepancy.

Table 131 mpacts of eligibility and engagement on theredicted costs of the DR
scheme

Short Medium Long

Averages based on the sample

APL 2.72 4.63 7.01

Fare 4.75 11.80 33.61

Modelled impact of eligibility and additional engagement onCRR (OLS 1)*

Eligibility 0.48% 0.82% 1.24%

Additional engagement 0.08% 0.21% 0.60%

Modelled impact of eligibility and additional engagement onCRR (OLS 3)*

Eligibility 0.53% 0.85% 1.23%

Additional engagement 0.10% 0.25% 0.72%

Modelled impact of eligibility and additional engagement orCRR (OLS 4)*

Eligibility 0.53% 0.85% 1.26%

Additional engagement 0.10% 0.24% 0.68%
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Predicted CRR using average sample valu€85% CI in brackets)

0.400% 0.862% 1.669%
Model 1 (0.31%, (0.79%, (1.51%,
0.49%) 0.94%) 1.83%)

0.252% 0.726% 1.575%
Model 3 (0.12%, (0.64%, (1.44%,
0.38%) 0.81%) 1.71%)

0.258% 0.72%% 1.578%
Model 4 (0.11%, (0.63%, (1.44%,
0.41%) 0.82%) 1.71%)

*This wascomputed by first setting the average fare and APL to zero and computing the corres@étiding
based on the mean values for the other variables. Subsequeatigibility effect was computedsthe
difference in the predicted CRR wheettng APL to ample averages (holding fare gt The additional
engagement effect was then compussdthe difference in the predicted CRR when setting both APL and
average fare at sample averages.

4.7 Conclusions

This chapter aimed to review the rail passenger delay amafien scheme currently

operating in Great Britain. This was achieved by:

providing a review othescheme rules,
drawing comparisons to similar schemes operating in other countries and for other
modes and

1 a qualitative and quantitative analysis of thiatienship between performance

and fares on the revenue burden of the scheme on different TOCs.

This was done tanprove the understanding of the role that the scheme currently has in
British railways and give some recommendations and research dirgbtdnsight guide
policymakers and regulators in the process of redesigning such a scheme in th&Hature.
anal ysis of t lwascusrenttyeuna €cape dueta lnfted dat availability

and complexity in capturing the effect that the scheme has on passandetemand

Rail passenger delay compensation schemes have been introduced in the EU and GB to
protect the rights of delaye@gsengers. The scheme rules differ between the EU countries
and GB, but the economic rationale behind the schemes is similar. The focus on the scheme
operating within Great Britain results fromlack of suitable data for other European
countries. The congnsation levels were compared between British franchised TOCs to
better understand the impact of the scheméehemrevenues of different types of train

operators. Approximately £80masrepaid to passengers every ygae-COVID) as part
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of the DR schemeni GB, with TOCs typically repaying between 0.H#d 3% of ticket
revenues. Whilst thecheme rules afeomogerous(i.e. the proportion of ticket price that
passengers are eligible to claim back does not change with journey or delay lengths), longer
journeys are typically characterised by longer delasthe same time, longer journeys

are also typically more expensive. This naturally affects the number of passengers eligible
to claim compensation. This is further amplifiedthg marginal propensity to aiming
compensation increasing with delay lengths and ticket priceshyih turn,affectsT OC s 6
ticket revenues. The fact that passengers are more likely to claim compensation for more
expensive journeys and longer delays may be due teoustant marigal disutility of
lateness impacting differences in journey satisfaction or higher opportunity costs of not

claiming compensation for more expensive journeys.

While more research is needed to understand the differences in engagement rates and
possible resons for their existence, this work provides additional evidencetlieat

propensity to claiming compensation increases with delay lengths and ticket prices. The
differences in eligibility (increasing with delay lengths) and engagement (increasing with

ticket price and delay lengths) lead to significant differencekdés c he me 6 s bur den
different TOCs. Other things being equal, each additional minute of APL increases the
proportion of ticket revenue repaid to passengers as part of the scheme bya2fés it

of engagement levels increasing witie ticket price, for the same levels of performance,

TOCs repay an additional 0.2% of their ticket revenue for each £t alerage fare.

This suggests a larger financial impact of the scheme on laligfance operators.

There are two immediat@eas thaivould benefit from further research. First of all, more
detailed data on compensation complemented by detailed ticket sales data would allow
analysing the differences in eligibility and engagenaeah OD pair level. It is reasonable

to expect that being able to control for any -©@ecific differences may further increase
understanding of how the scheme works in practice. This study serves as a motivation for
the regulators to require the TOCs to colleatd publish more deiled data on
compensation (and especially so in other European countries where only very limited data
is available). Thiscould enable further research into passenger gamgent with the
claiming process. Furthermore, it is recommehtieat a fullscale studye conducted to
analysethe impacts of the scheme gassengergevenues and, ultimately demand to
contrasthes c he me 6 s b e n e kis thosghtwhatthbre & pbtentiato condust .
studies utilising journey sataftion or stated preference surveys to underdtamdthe
prospects of receiving compensation for delays affeets pondent sd choi ces

satisfaction.



54

While this study provided evidence for the increased cost of the scheme falidtance
operators, it does not necessarily imply that the current scheme is suboptimal and needs to
be changed. There might be reasons for having of@r{#tll set of rules that are easier to
understand fopassenger as well as operate from the administrativenp of view.
Nevertheless,hiere are examples operatorghat offera more complex version of the
schemewhere rules chandgeased on journegr delaytypes, namely Spanish Renfe and
Czech RegioJet. If theegulators ainto increase engagement with tloheme, apart from
automating the process, the claiming process could also be centralkedng
passengers to claim compensationdlbjourneys from the same (central) poraiwas
also suggested by thWilliams-Shapps Plan for Ra{Department for Tansport, 2021)
This would reduce the initial costs dfiming,as passengers would not need to register a

separate account to claim from an operator they had not claimed from before.

If acomparison othecosts and benefits of the scheme leads tmelgsion that the current
design is suboptimalit is necessary to base the design of the scheme on research
concerning the impact of delays on passengers. It can particularly be useful to establish:

the lengths of delays that are detrimetdglassengesatisfaction,
whetherthe negativernpacts of delays vary bgirney lengths and/or types,
the potential notinearities in the impacts of delays related to the impact of

smaller versus larger delays.

Finally, while compensatiorcurrently only accounts foa s mal | percentage of
revenues, greater automation of the schem#d contribute to increasing compensation

payments (leading to TOCs repaying a larger portion of their revenues), highlighting the

need for further research.also needs to be redd that the analysis focused on the-pre

COVID period and it might be beneficial to consider how the DR scheme has been

impacted by the COVID pandemic.

Motivated by the analysis of the DR scheme conducted as part of this chapter, the
remaining chapters ohis thesis focus on analysing the imgaaft delays on travellers
what could provide an additional source of information and guidance should an operator
or regulator (in GB or other European country) decide to redpsigsgengetompensation
scheme. Hencethe remaining chapters wilfocus on elay perceptionand the
conseguential impacts on satisfaction with the following chdptesdudng the dataset

used in thesubsequeranalysis
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Chapter 5
Data: The National Rail Passenger SurveyNRPS)

5.1.Introduction

The aim of this chapter is to introduce the data usetthdranalysis presented in the
remaining chapters of this thesiBhese utilise data osatisfactionand delay perception
from the National Rail Passenger Survé@fRPS) obtainedrom Transport Focuand
matched to the operational dataset udgihg Historic Service Performance database
obtained from Network RailThis chapter aims to summarise the two data sources,
comment on the choice of variablesed throughout the thesend describe how

satisfaction and operational data were matched.

The National Rail Passenger Survey (NRPS) is conducted twice a year by Transport Focus

in the United Kingdom and is concerned wit
survey has been buiihto franchising agreements and provides a pass&egtic

perspective on the comparative performance of franchised TO&upaign for Better

Transport, 2015)The results of the survey have often been citedseareh papers (i.e.

Oliveira et al., 2019; Ojed@abral et al., 2021; Calastri et al., 2022; Smith and Ojeda
Cabral, 2022andused byresearchers to study

9 passenger behaviour and use of tithgons et al., 2007; Lyons et al., 2016)

1 differences between op@tcess and franchised train operat(®sad et al.,
2019)

1 relationship between delays and passengetfaation(Monsuur et al., 20213nd

9 impact of train and station types on service quality perceptidosisuur et al.,
2017)

The survey is administered by intercepting passengers in the course of making a journey
and consists of mul tiple questions relati
journey aspects (from ditan facilities and ticketing to journey times andviehicle

experience)Typically, travellerseceivequestionnaireprior to boardingheir services

As shown inFigure 11, the overalljourney satisfaction levels have generally improved

since the 2000s, driven by increases inthe shaheéfv er y sati sfi edd pass
the overall satisfaction levels by TOC varied between-88% (Transport Focus, 2019)

At the same time, satisfaction with punctuality hadatit improved in the early 2000s

giventhei ncrease in the share of the 6very sati
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travellers reportamdy &foaihravye sbaeteins fé vwardy éwi t h
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satisfaction categories typically being chosen by around 5% of respsedeht

Share of responses

Share of responses

Figure 11 Evolution of passengersatisfaction levels over timebased on overall

Overall journey satisfaction

Survey wave

= \/ery satisfied Fairly satisfied
== Neither satisfied nor dissatisfiea=—Fairly dissatisfied

= \/ery dissatisfied

Satisfaction with punctuality

Survey wave

= \/ery satisfied Fairly satisfied
== Neither satisfied nor dissatisfiea=—Fairly dissatisfied

= \/ery dissatisfied

journey satisfacton (top) and satisfaction with punctuality (bottom)

Public Performance Measure (PPM), a standard industrial measure of performance
combining punctuality and reliability and indicating the proportion of services arriving to
the destination on time, had ingwed since the 2000s but started worsening around 2010

t

h
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(Campaign for Better Transport, Z10RR, 2020hs shown irFigure12. As the figure
presents performance by rail quarssmmeseasonal impacts catsobe visible.

As a result AveragePassengeLateness (APL), defined #ise average length of delay a
typical passenger is subjected to, inceghas depicted ifrigure 13 below. An average
passengerourney was subjected to a delay of around 3 minutes in the most recent (pre
pandemic) years compared to around 2 minutes at the beginning of 2010s. As rail delays
are, however, usually dependent on many different factors and not necessarily equally
distributed across journeys, geographies, or days of the year, the NRPS survey responses

are not necessarily representative of the delay distribution across the network.

100%
95%
90%
85%
80%
75%
70%

65%

% of trains meting PPM requirements

60%
1997- 2000- 2003- 2006- 2009- 2012- 2015- 2018- 2021-
Q1 Q1 Q1 Q1 Q1 Q1 Q1 Q1 Q1
Rail quarter

Figure 12 Rail performance measure byPPM by rail quarter (ORR, 2021)
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Rail period

= Average passenger lateness ===NMoving average of 13 periods

Figure 13 Average passenger lateness (APL) by rail period (ORR, 2021)

5.2.Data processing and matching passenger responses to the operational
dataset

The NRPS data @reobtained directt from Transport Focus and whiisis notavailable

opensource, anyone interested can request access by contacting Transport Focus. To some

extent, a relatively detailed analysis of the data can also be conducted using the Transport

Focus data hub or the reports produced by Transport Focugadtessurvey wave. This

piece of work uses data from almost 275,000 responses from 10 survey waves (between

autumn 2015 and winter 2020). Each wave of the survey typically captures around 25,000

30,000 passenger responses. The sampling design undertakem$gort Focus ensures

that different types of journeys, origidtestination pairs and passengers are represented in

the sample(Transport Focus, 2020fter filtering out the responsegith missingdata,

the responses were subsequently matched with operational data using the Historic Service

Performance (HSP) database. This platform contains historical data on train performance

from Darwin (running information engineYhe HSP is freely available upoegistering

for access usinthheNational Rail Data Portal (for a more detailed description see National

Rail Enquiries, 2021). In this way, each passenger journey was matched to an actual service

and subsequently, scheduled and actual journey times caémalated for each of the

journeys.

As part of the NRPS, passengers were asked to specify their departure time, origin (where

the questionnaireserehanded) and destination, foaus on the specific journey leghis
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allowed matching each response te #rttual service to calculate scheduled and actual
journey times. Tis matching process is a twabep process (as shown kiigure 14) that
involves

1) searching for ascheduled train running betwedhe specified origin and
destination within a specified time window (i.e. the departime stated by
passengérand

2) subsequently, aservice RID code corresponding to the service passenger
travelled on is obtained andsed to retrieve additional information about

scheduled and actual departure and arrival timebeabrigin and destination

stations
(b N 4 2 s ~N
asstzfgldger Scheduled and
Service RID actual
departure g g ;
time, origin, code ep_art:;r_e an
destination arrival times
- Y - Y, Y )

Figure 14 The matching process

Elaborating on the matching process depicterigure 14, passengeresponses were

matched taheoperational dataset in the following steps:

1) Origin and destination station codes were extracted from the NRPS dataset
alongsidethe scheduled departure time and date. The daee subsequently
rearranged ithe format depicted iRigure15.

A B C D E F G H |

1 |case_id from_loc to_loc from_time to_time  from_date to_date days

2 1 BIF MIA 644 645 01/09/2015 01/09/2015 WEEKDAY
3 2 MYB BMO 1545 1546 11/01/2016 11/01/2016 WEEKDAY
4 3 PNZ PAD 1752 1753 02/09/2016 02/09/2016 WEEKDAY
5 4 KGX ABD 1600 1601 01/09/2015 01/09/2015 WEEKDAY
6 5 DDG KID 1517 1518 11/01/2016 11/01/2016 WEEKDAY
7 6 LBG EBN 1823 1824 02/09/2016 02/09/2016 WEEKDAY
8 7 BAN MYB 645 646 11/01/2016 11/01/2016 WEEKDAY
9 8 MAN BRI 944 945 01/09/2015 01/09/2015 WEEKDAY
10 9 BHM LIV 1636 1637 11/01/2016 11/01/2016 WEEKDAY
11 10 DID PAD 749 750 02/09/2016 02/09/2016 WEEKDAY

Figure 15 Dataset snapshot
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2) The data described under point &rethen used to retrieve a service RID code
corresponding to the service that a passenger travelled on between the specified
origin anddestination as shown Figure16-Figure18.

In [6]: print(A, B, C, D, E, F, G)

KGX ABD 1600 1601 2015-09-01 2015-09-81 WEEKDAY

Figure 16 NRPS data matching input

Tn [5]: print(resp.content)

b*{"header":{"from location":"KGX","to location™:"
{"origin_location":"K ination_location™:"
"GR", "matched_se

[{"tolerance_value™:"@",

_tolerance":true}]}]1}’

In [7]: print(rid)
01509610384368

Figure 18 Matched RID code

3) The RID codes obtained were then used to requesteatetails information as
shown inFigure19. In this examplea London Kings Cross to Aberdeen service
with an RID code of 201509010384368 was scheduled to depart from London
Kings Cross at 16:00 on the 1st of &pber 2015. The service was scheduled to
arrive at Aberdeen at 23:12 after having stopped at 13 intermediate sthtions
departed from London Kings Cross a minute earlier than scheduled (15:59) and
arrived at the destination 4 minutes ahead of sche@i6g).
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n [9]: print(resp.content)
iceAttributesDetails™:
:"2015-09-0 "toc_ " ":"201500010 368", "locations":
"gbtt_ptd": ', "gbtt_pta”: -tual : 9","actual_ta":"","late_canc_reaso

", "gbtt_ptd”:"1754","gbtt_pta":"1752","actual_td":"1756","actual_ta":"1753","late_can
", "gbtt_ptd”:"1823","gbtt_pta":"1821","actual_td":"1824","actual_ta":"1822","late_can
gbtt_ptd":"1855","gbtt_pta":"1851","actual_td":"1855","actual_ta":"1849","late_can
", "gbtt ptd":"1941","gbtt pta":"1939","actual td":"1942","actual ta":"1939","late can
", "ebtt ptd":"2032","gbtt pta":"2822"  "actual td":"2032","actual ta":"2023","late can
M", "gbtt_ptd":"2037","gbtt_pta":"2035","actual_td":"2037","actual_ta":"2835","late_can
", "gbtt_ptd":"2053","gbtt_pta":"2051","actual_td":"","actual _ta":"","late_canc_reason
", "gbtt_ptd”:"2111","gbtt_pta":"2109","actual_td":""," "", "late_canc_reason
", "gbtt_ptd”:"2139","gbtt_pta":"2137","actual_td":"2139" :"2135","late_can
gbtt_ptd":"2153","gbtt_pta":"2152","actual_ td":
", "ebtt_ptd":"2211","gbtt_pta":"2209","actual_td":"22 ,actual_ta":"2210","late_can
S","gbtt ptd":"2227","gbtt pta":"2225","actual td":" ", "actual ta":"2225","late can
", "gbtt pta":"2248" "actual td":"","actual ta":"","late canc_reason

", "gbtt_ptd”:"","gbtt_pta":"2312","actual_td":"","actual ta":"23@8","late_canc_reason

Figure 19 HSP service details

4) The origin and destination station codes were subsequently used to retrieve
scheduled and actual departure and arrival times for the specified origin and
destination pair.

5) Finally, scheduled0 “"Yand actual journey lengths (¥ and delay lengths at
departure § ) and arrival { ) were calculatedFor clarity, the definitions are

shown below:

Scheduled journey length(0 "Yis the difference betweehe scheduled arrival time at
the destination stationd(i 1 "Quagdch scheduled departure time at the origin station
(OQn wi 9.01 Q
DY 01 i QU O®N wi 001 Q
(5)
Delay length at arrival (0 ) is the difference betweethe actwal arrival time at the

destination statiord(i 1 "Quegiatered in the Historic Service Performance database and

scheduled arrival time at the destination statin (i "QU @ &

0 o011 Q&I QU ha

(6)
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Delay length at departure(D ) is the difference betweeaheactual departure time at the
origin station Q'Qn @i ¢ @gisred in the Historic Service Performance database and

scheduled departure time at the origin statr)n) wiiQY. 6
0 00N ®i 060@ wi 60061 Q

(7)
5.2.1. Summary of the matching process and issues encountered
Out ofthe 274,862 responses in the dataset, 263,163 (95.7%) responses with no missing
data were selected for matching with operational data. 244,712 (93.0%) were matched to
an actual service RID code by searching for a service that was scheduled to depart from

the origin station at the departure time stategdmsenger

Transport Focus was approached to discuss the possible reasons for some of the responses
not being matched with the operational data. As noted, it is expected that in some cases
passengs roundd the departure times provided an erroneous departure time based on
actual (or expected) rather than scheduled departure time. Considering the proportion of
responses successfully matched to the operational dataset, 93% was suggested to be in line

with what was achieved in similar attempts conducted in the past.

Following these considerations, an attempt was made to find possible services that could
match the responses where a service RID code was not matched automatically. It was,
however, found that while in some cases the differences between pastategbiad
scheduled departure times of a service are relatively small, there was still a considerable
number of responses where finding a scheduled service basg@dssengestated
scheduled departure time was mohallenging Therefore, i was decided to exteritie

search window by respectively-€, 5 and 10 minutes from the stated departure time. The
matching ajjorithm is depicted ifrigure20.

By doing that an additiai 1.4%, 1.9% and 2.5% responses were matched to an actual
service. It was thought that extending the search window b¥ mlinutes was possibly
most valid as it minimises the risk of (erroneously) matching a diffeezuice, whictcan

be the case if tnsearch window is extended by 0 minutes as on the busier stations

headway can often be less than 20 minutes.



63

+ 1 minute Departure + 1 minute
time

Y

N RID
matching

Y

Actual time N
matching

Y

Matched

Figure 20 The matching algorithm

Through this approach, the final dataset consisted of 249,686 responsesfudiiccess
matched to a service RID code. Subsequently, service details were successfully retrieved

for 242,311 reponses as summarisedliable14.

Table 14 Summary of the HSP matching process

Responses matched Total responses
matched (%)
All responses with a 263,163 100.00%
satisfaction score
Matching service RID codes

RID matched 244,712 92.99%
Extending search window

+/- 3 minutes 3,685 +1.40%

+/- 5 minutes 4,974 +1.89%

+/- 10 minutes 6,450 +2.45%

Final dataset

Passengeistated 249,686 94.88%
departure time +/- 5
minutes
Matching actual running times
Actual running times 242,311 92.08%
matched

When an RID code was matched, but no actual departure and arrival times were found,

this may have been due to recording errors. It was initially thought thahidtis be due
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to cancellations or truncation of the services. An investigation was conducted to better
understand how cancellations or truncations are registered in the database and find the
possible reasons for some service code RIDs being found, but not matched to the
operational data. At first, a user forum, which is a place for an unofficial exchange of
information and communitpased support with occasional support provided by the Rail
Delivery Group, was consulted to see if other users previously raised similes.i€ne
important consideration raised by the Rail Delivery Group representative was that HSP
only reports on locations that have an actual running time or were cancelled. In the cases
where no movement report was received trelcancellation state wasoh manually
appliedthe service becomes invisible for the HSP. Therefore, the two possible reasons for
service details not being matched to the RID code supplied are errors with recording the

train movement data or errors with manual inputs of canceiatio

To better understand the mechanisms of HSP, an example of a disruption to the services
was chosen for illustration. On the 13th of September 2021 some services were cancelled
to/from llkley (ILK) following an emergencyncident(likley Gazette, 2021)Out of the

11 services investaged, five were cancelledFigure 21 and Figure 22 show how
cancellation was recorded in the HSP database for the 06:51 Ilkley to Bradford Foster
Square (BDQ) service and 09:03 Leeds (LDS) to llkley service respectively. The first
service departed from llkley a minute ahead of schedule and the last station served was
Guiseley where the service arrived a minute ahead of schedule. For the remaining fo
stations, planned departure and arrivals are supplied, but the actual recorded times are
missing. In this case, a late/cancellation reason code (777) was also supplied. In the case
of the LDSILK 09:03 service, it was already cancelled at Leeds anddatidiepart from

the origin station. Similarly, a late/cancellation reason code (777) was also supplied in this

case.
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b*{"serviceAttributesDetails":
{"date_of service":"2021-09-13","toc_code":"NT","rid":"202109137607600","locations"

'"locatlon"'"IL’",“ﬂbtt _ptd":"@8651","gbtt pta":"","actual td":"@650","actual ta":"
late_ _canc_ reason":"777"},

:"@658", "gbtt_pta":"@658", "actual_td":"0659","actual_ta
"lc_reason":"777 1,
,gbtt ptd":"","gbtt pta":"e701","actual td":"","actual ta":"@659"
"latP canc_ rPason“'“777"'
{"locatlon"'"GHY",“gbtt ptL":" 85" ,"gbtt pta":"@7@5","actual td":"","actual ta":"®@
704" ,"late_canc_reason":"777"
'"locatlon"'“BLD",“ghtt ptt"'"ﬂ711","gbtt pta":"e71e","actual_td":"","actual_ta":""
, 'late canc_reason":"777"},
‘"locatlon :"SHY", "gbtt pti"'"ﬂ714" "gbtt pta":"@714","actual td":"","actual ta":
"late canc_ rPabon“'“777"'
'"locatlon"'"FLH" "gbtt ptd":"B?l?","gbtt_pta“:“B?l?",“actual_td":"","actual_ta":
, late_canc_ reason“'“777"'
'"locatlon“'"BDQ" " htt_ptd":""J"gbtt_pta“:“B?EB“,"actual_td":""J"actual_ta":"“,“la
te canc_reason":"777"}]}}'

Figure 21 HSP service details outputs for the ILkBDQ service

b'{"serviceAttributesDetails":
{"date of service":"2021-09-13","toc_code":"NT","rid":"202109137609952" , "locations"

[’“locatlon"'"LD\“,"gbtt ptd":"@9e3","gbtt pta":"","actual td":"","actual ta":"","1
ate_canc_reason”
{"location":"GSY", gbtt ptd”:"","gbtt_pta“:"@914","actual_td":"","actual_ta":"","la
te canc_reason":

J'“loc.altion"'"f"lr'.lr'.l“‘.“gbtt ptd":"@918","gbhtt pta":"@918","actual td":"","actual ta":""
,"late_canc rPﬂbO "LMITINY,
‘“locatlo gbtt ptd":“ﬂqzl" "gbtt pta":"0920","actual td":"","actual ta":""
,"late canc_reason":"777"},
’“locatlon"'"BEY“,“gbtt ptt":“ﬂq£4" "gbtt pta":"0924","actual td":"","actual ta":""

"late canc_reason":"777
{“locatlon":"ILK“,“Uhtt_ptt":““,"ghtt_pta“:“@931","actual_tt“:"","actual_ta":"","la
te canc reason":"777"}1}}

Figure 22 HSP servicedetails outputs for the LDSILK service

As shown in the matching algorithm, an attempt was also made to search for the closest
service that had the actual running data available for the services where the RID code was
found, but the service details werd soccessfully retrieved. If a new RID code was found,

the algorithm proceeded to match actual running times. If the actual running times were
not found, the algorithm returned to finding the next possible service by increasing
departure time by 1 minutentil a new RID and actual running times were subsequently
matched. The cancellation algorithm was capped at 6 hours. In some cases, specific OD
pairswith no services matchingassengegourney were investigated manually. In the case

of journeys between &hklin (SHN) and Ryde Pier Head (RYP) (depicte&igure23),

no services were found in the HSP on th& @BFebruary 2020, buhe service details

were successfiyl retrieved forthe week earlier. This would indicat@n some possible

errors with the recording system, but the magnitude of that isselatisely small.
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24 _actu ~ date - | daytype = | daytype = lorigin |~ |destinal ~

1018 27/02/2020 Weekday Weekday SHN RYP
1038 02/03/2020 Weekday Weekday SHN RYP
907 07M10/2019 Weekday Weekday RYP SHN
1038 07/10/2019 Weekday Weekday SHN RYP
618 19/02/2020 Weekday Weekday SHM FYP
918 19/02/2020 Weekday Weekday SHM RYP
918 19/02/2020 Weekday Weekday SHM RYP
918 19/02/2020 Weekday Weekday SHM FYP
918 19/02/2020 Weekday Weekday SHM RYP
918 19/02/2020 Weekday Weekday SHM RYP
918 19/02/2020 Weekday Weekday SHM FYP
918 19/02/2020 Weekday Weekday SHMN RYP
918 19/02/2020 Weekday Weekday SHM RYP
718 19/02/2020 Weekday Weekday SHM FYP

Figure 23 SHN-RYP services

In conclusion, filtering out the respossehere some dataanemissing and the responses

that were not successfully matched to the operational data, 242,311 responses (92% of the

original dataset) were selected for further investigation

5.2.2. Recorded and stated delay lengths

While the delay data&re obtained by matching the individual responses to the operational

data using the HSP database as described in the previous section, the survey also contained

a question regarding late running. This is used for monitoring the quality of the data by

comparng the delay lengths recorded in the HSP database with the delays reported by

passenger. Moreover, the comparison of the two sources can help better understand

passenger sod abi Ithistwil betexplonedas mae @fhamer &l el ay s

In the first three waves of the survey, passengers were: diskedw

and needed to state their delay lengths in minutes. Thitateachanged and in the most

recent seven versions of the survey, passengers needed to chdesgthiuategory their

ong was

your

delay length fell into as shown Figure24. The survey data on delay lengths was used

for monitoring and comparison purposes with the delay categories converted into delay

minutes usinghe midpoint method and assuming the average delay of 90 minutes for the

over 60 minutes delay length category.

013 Did you experience any delay either on this train or because the train you had planned to catch at

Glasgow Central was cancelled?

NOTRERY v cssisronvemmarmmnisemiscines 13 0010 Q1B
Up to 5 minutes delay...........cceveennennes [ Go to Q14
6-10 minutes delay O GotoQ14
11-15 MINULES delay......v s smrsenns s I GO 10 Q14

16-20 MINULES AelaY......oivrmmmmemsmrsersssssasssinse
21-30 minutes delay.........veesisiimmasssns
31-60 minutes delay..............

Over 60 minutes delay.........

O Goto Q14
.0 GotoQ14
... [] Goto Q14
.. [ Goto Q14

Figure 24 Question about the perception of delay from NRPS (Transport Focus,

2020)

del

ay
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As shown inTablel5below, almost 1 in 2 surveyed pasgers arrived at their destination

late according to the operational data, but only 1 in 5 actually reported being delayed. The
matching methodology is expected to be more accuratgtssengegperception data. In

this casea recorded delay is defined a difference between actual and scheduled arrival
time at the destination. This way, the smallest possible delay recorded is 1 minute. It is,
however, unlikely that passengers are able to perceive the smaller delays and this is the
potential explanatiofor a larger number of responses being matched to a delay than the
number of passengers reporting late arrival. Nevertheless, it is also important to recognize
smaller (likely unperceived) delays and this aspect is further exgsrpdrt of this thesis

In 6% of responses, a passenger claimed they were delayed, but no delay was matched. It
is possible that in these cases passengers were either not able to board the train due to
crowding or included the delay from a different leg of the journey or dueigseth
connections. In this case, it is not possible to trace the whole journeypidstengenas

intending to make and these responses are discarded at this stage.

Table 15 Comparison between passengestated and HSPmatched delay data

Perceived
Delay No delay

Delay 18.0%  30.8%
No delay | 5.8% 45.3%

Recorded

Typically, respondents failed to report shorter delay®ssibly due to shorter delays
falling below their perceptual thresholdsn Average passenger latenes2af minutes

was recorded for the whole NRPS sample. For the subset akjmuwhere a delay was
recordedan average delay of 3.6 minutes was recorded for passengers who were matched
to a delay but did not report late running (i.e. row 1, column Raiple 15) versus 9.0
minutes for passengers who also reported being delayed (i.e. row 1, column 1 in table 2).
Figure25shows the cumulative distribution of recorded delays for passengers who did and
did not report late running. Out of the 30.8% (74,628) responses, in almost 70% pof cases
the matched delay length was within 3 minutes and in 98% of cases within 15 minutes. In
line with expectations, it can be seen that passengers who were matched to a delay, but
reported arriving on time (i.e. row 1, column 2Tiable 15), were typically matched a
shorter delay.
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Cumulative distribution

T T
0 20 40 60
Recorded arrival delay (minutes)

No delay reported Delay reported

Figure 25 Cumulative distribution of recorded delays for perceived and
unperceived delays

At the same timefigure26 shows how the proportion of passengers reporting late running
changes with increasing delay lengths. It is worth noting that the number (not proportion)
of responss decreases with increasing delay lengths, as typically most delays are relatively
small and the delay distribution is positively skewed. The proportion of passengers
reporting late running seems to be generally increasing with delay length, but this
relaionship needs to be studied in more detail. As suggestbtbbguur et al(2021) 30
minutesis adelay lengtHollowing which passengarare very unlikely to remain satisfied
with their jouney. Therefore, the dataset is constrained to recorded delay lengths of up to
30 minutes as it is assumdtht passenger should already be able to perceive delays of
that length and any discrepancies (i.e. passengers not reporting delays despite a recorded
delay of over 30 minutes) may be erroneous (as described previously). Moreover, delays
of over 30 minutes are relatiyerare and the main focus of this study is on the smaller

delays.



69

"I_
1
T 1
TT T '[T 1
i I17+l 41711
2 11} 1
E _I__:[J_J_ 1
T 6- B
§_4— g ?
5 .
E.Q—II
O_
1 5 10 15 20 25 30

Recorded arrival delay (minutes)

Figure 26 The proportion of passengers reporting lateunning

As shown inTable 15, almost 2 out of 3 passengers agreed with the operational data
regarding whether or not they were delayed. The cases where passengers failed to perceive
the smaller recorded delags reported delaysvhenontime performance wascorded

are discussed above. However, it remains to be investigated how the reported delay lengths
compare to the matched delay lengths for the cases where passengers who were matched
to a delay also reported late arrival (i.e. row 1, columnTainel5). Some discrepancies

are expected and may be a result of

1 passengers rounding the delay lengths to the closest 5 or 10 minutes (in the case
of the first three survey waves where they were asked to type in the exact delay
length) or

1 the conversion method for the delay length categories used in the latter 7 survey

waves as described before.

An attempt was made to understand the extent of ttiéseenceswith the sunmary
presented ifTable16 below.However a more detailed analysis will be conducted as part

of the investigation of delay peeption inChapter 6In 11% of cases, there was no
difference between stated and matched delay lengths with over 2/3 of the differences being
within 5 minutes ad only a small percentage (i.e. around 9%) of responses being

characterised by the differences in matched and reported delay lengths of over 15 minutes.
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Hence, it can be expected that most of the differences can be attributed to passenger
perception.

Table 16 Summary of differences between stated and matched delay lengths

Difference Percentage of delayed
responses
No difference 10.69%
Within +/- 3 minutes 57.2%
Within +/- 5 minutes 70.19%
Within +/- 15 minutes 91.2%
Within +/- 30 minutes 96.3%
>30 minutes 3.7%

*Cumulative distribution

Given the suggestions that departiireand arrivald delays have a differing impact on
passengers (s@&atley and Ibafie2012for a more detailed discussion), this research also
aims to investigate the impact that both can have on delay perception and satisfaction.
Departure (origin) and arrival (destination) delaxes, as expected, correlated (r=0.64)

the sampleWhilst in most cases throughout the thesis, the focus remains on the arrival

delay, in some cases both variables are used in the modelling.

5.3.The National Rail Passenger Survey

The obtained data comes fral® survey waves of NRPS between Autumn 2015 and
Winter 2020. The sample design and the weighting process conducted by Transport Focus
ensure that the responses are distributed across the different operators and routes over the
different times of day andags of the weekTransport Focus, 2020)he sampling process

is described in technical reports produced for each of the survey waves and generally

involvesthe following steps

1) The whole network is divided into multiple building blocks

2) Selection of statins for ech of the building blocks uses PPS (probability
proportionate to size) bas&y that the sample sizes are adjusted for station usage.

3) Day of the week and times of the day distribution is based on the profiles of
journey departures by journgyrrpose provided by TOCs.

4) Sampling points are then assigned to weeks at random during the survey period

The questionnaires consist of multiple questions relating to the information about
passengethe specific journey thélie passengemade and thesatisfaction with different

aspects of that journey. The following subsections aim to review the different types of
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guestions asked as part of the survey treparticularly relevarb the analysis conducted

as part of the thesis

5.3.1. Overall journey satisfaction and satisfaction with punctuality
This work primarily focuses onnalysng the impacts ofincreasingdelays on delay
perception and satisfaction. Therefore, there are two questions that appear particularly

relevant in this context:

1) Questionl1l6of he NRPS t hat concer nonwvtlaitkewenger s
journey figure 27 below). Passengers are specifically asked to score their
satisfaction with the origin station and the train they boarded after receiving a

guestionnaire.

Your overall opinion of your journey today

Q16 Taking into account Glasgow Central
station where you boarded the train and

the actual train travelled on after being Neither Don't

given this questionnaire, how satisfied Very Fairly  satisfied nor  Fairly Very know/no

W YOU Wit JOUF [y tadey satisfied  satisfied  dissatisfied dissatisfied dissatisfied  opinion
(] ] ] O O (]

Figure 27 Overall satisfaction question from NRPS

2) An alternative line of enquiry is to consider NRPS question 9, which is concerned
specifically with satisfaction with punctuality and reliability of the train used
(Figure28). It potentially allows for direct analysis dfdédelayimpactswithout
the need to control for satisfaction with other aspects of journey quality.

Q9 Based on your experience on that journey,
how satisfied were you with: Neither Don't
Very Fairly satisfied nor Fairly Very know/no
satisfied satisfied  dissatisfied dissatisfied dissatisfied opinion
Frequency of the trains on that route............... O (W) O ) () 0

Punctuality/reliability of the train (i.e, the
train arriving/departing on time).........c.cooveeenre O
Length of time the journey was
scheduled t0 take.........ecoreecaressssmsaresasassssasens
LEVELOF CrOWMINE . disocsrssiimesssarmacirrens
Connections with other train services......
Value for money of the price of your ticket..........

DUDD

oooo o
oooo O
oooo o
oooo o
oopo O

Figure 28 Question related to stisfaction with punctuality from NRPS

Passengers scored their overall satisfaction as well as satisfaction with punctuality on a 5

poi nt Li kert scale with possible response:
di ssatisfiedd (lopandomd 6dpnidbon.knOwt/ nof t |
chosen for further analysis, 6,596 passeng
option regarding their satisfaction with punctualispich responses have been excluded

from the analysis)Monsuur et al. Z021)used overall journey satisfaction (i.e. question
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16) to study the impacts of delays on passenger satisfaction. To better understand the
difference between overall journey satisfaction aatisfaction with punctuality artd
determine their usefulnesthe two variables were investigated more closely.

It is expected that delays have a negative impact on journey satisfaction. While the two
satisfactionvariables are correlated (i.e. Spearman rho of 0.57), it is also expected that

satisfaction with punctuality is only one of the many factors determining overall journey

satisfactionTable 17a below shows how average recorded delay and overall satisfactio

(NRPS question 16 irigure27) change with reported satistaon with punctuality (NRPS

question 9 irFigure28) for travellers with a recorded delays expected, passengers who

scored their satisfaction wighunctuality lower were typically subjected to lengthier delays

ifrom around 4 minutes of average recorded del a:
punctuality to 12 minutes for those who were 06V«
levels (i.e. NRPS Q16) decrease with both increasing delays and decreasing satisfaction

with punctuality (i.,e. NRPSQ9)f r om 4. 6 for passengers Overy sati
to 2.5 for @dgasseaehpgef beddabwim, imtum,smowshova | i t y .

the same relationship changes for decreasing levels of reported overall journey satisfaction.

Table 17a Relationship between satisfaction with punctuality overall journey
satisfactionand delay lengths (for journeys with a matched delay only)

Satisfaction with punctuality Average Number of Average
recorded responses overall
delay satisfaction
Very satisfied 4.07 42,632 4.58
Fairly satisfied 4.64 38,989 4.06
Neither satisfied nor dissatisfied 5.92 10,052 3.71
Fairly dissatisfied 8.23 13,806 3.38
Very dissatisfied 11.99 9,754 2.50
Total 5.59 115,233 4.01

Table 17b Relationship betweemverall journey satisfaction satisfaction wth
punctuality and delay lengths (for journeys with a matched delay only)

Overall journey satisfaction Average Number of Average
recorded responses punctuality
delay satisfaction
Very satisfied 4.33 39,954 4.61
Fairly satisfied 5.24 54,460 3.78
Neither satisfied nor dissatisfied 6.61 12,909 2.82
Fairly dissatisfied 9.91 7,542 2.15
Very dissatisfied 12.61 3,438 1.72

Total 5.59 115,233 3.79
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5.3.2. Control variables
Sixty threedifferent questions related to satisfaction with very specific journey aspects
along three more general questions were asked throughout the 10 NRPS survey waves used
in this study. Satisfaction with each aspect of the journey was scomgasbgngaron a
5-point Likert scale with an option of no score if a passenger felt they did not know how
to score this aspecr did not experience/use it (e.wilet facilities, catering, etc.). The
possibility to choose the option where no score was provided medsslénge proportion
of questions is characterised by a rather small percentage of responses. Moreover, some
guestions are mutually exclusived.a person who uses a car park is unlikely to also use
a bike park). While many of these questions had divelg low response (i.e. large
proportion of passengers choosing an option not to score a specific element) or were not
part of all the survey waves, 16 were chosen for further investigation based on the common

number of responses with a summary preseintéable 18 below.

Out of the 242,311 responses where a passenger scored their overall journey experience,
there were 126,794 responses where a score was prdeidedl of the 16 questions
relating tothe specific aspects of the journey and three additional questions related to
satisfaction with train, station, and overall jourreesydetailed infable 19. Similarly as
observed byBrons and Rietveld2009) the average overall satisfaction is in most cases

higher than the average satisfaction with the specific journey aspects.

In cases where the overall journey satisfaction is modelled, there edameontrol for

other aspects of journey satisfaction too (i.e. overall satisfaction does not only depend on
the length of delay). In particular, it can be expected that the overall journey satisfaction is
impacted by satisfaction with journey qualitypasts €.g. station or train), satisfaction

with journey frequency, punctuality, scheduled journey time and/or value for money.
However, in the case where satisfaction with punctuality is modelled, the quality aspects
are likely to have a complementary ¢felay length)but not a direct impact on punctuality
satisfaction as bad journey quality (e.g. crowding) may amplify the negative impact of
delay on satisfactiorilTable 20 below reports correlatianbetween the key satisfaction

variables using Spearm@ars r ank cor r e [(Speaimannl90de t hodol ogy
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Table 18 Choice of satisfaction variables from NRPS

Aspect Question
Train and platform How would you rate this station for provision of
information information about train times/platforms?

Station upkeep
Station cleanliness
Station environment

Station security

Station seating

Journey frequency

Delay

Scheduled journey time

Value for money

Train security

Train up keep

Train information

Train cleanliness

Train cleanliness out

Train seating comfort

Station overall
Train overall

Overall

How would you rate this station for the upkeep/ref
of the station buildings/platforms?
How would you rate thistation for cleanliness of th
station?
How would you rate this station for the overall stat
environment?
How would you rate this station for your persona
security whilst using this station?
How would you rate this station for availability of
seating?

Based on your experience on that journey, how
satisfied were you with the frequency of the trains
that route?

Based on your experience on that journey, how

satisfied wergou with the punctuality/reliability (i.e
the train arriving/departing on time)?

Based on your experience on that journey, how

satisfied were you with the length of time the jourr
was scheduled to take?

Based oryour experience on that journey, how
satisfied were you with the value for money of th

price of your ticket?

How would you rate the train you boarded for the
journey in terms of your personal security whilst ¢
board the train?

How would you rate the train you boarded for the
journey in terms of upkeep and repair of the trai
(condition of seats, walls, tables, etc.)?
How would you rate the train you boarded for the
journey in terms of the provision afformation
during the journey?
Specifically thinking about the cleanliness of the tr.
you boarded for that journey, how would you rate
for the cleanliness of the inside of the train?
Specifically thinkingabout the cleanliness of the tra
you boarded for that journey, how would you rate
for the cleanliness of the outside of the train?
How would you rate the train you boarded for the
journey in terms of the comfort of the seatarga?

Overall how satisfied are you with this station?

Overall how satisfied are you with the train you

boarded for your journey?

Taking into account just the station where you
boarded the train and the actual trmavelled on
after being given this questionnaire, how satisfie

were you with your journey today?
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Table 19 Summary of satisfaction variables

Dimension Journey aspect Responses Mean SD
Station quality Train and platformnformation 231,419 4.22 0.872
Station upkeep 231,830 3.95 0.925
Station cleanliness 232,500 4.03 0.881
Station environment 233,162 3.95 0.873
Station security 213,454 4.03 0.831
Station seating 217,089 3.36 1.215
Timetable Journey frequency 233,963 3.98 1.060
Punctuality* 235,715 4.03 1.164
Scheduled journey time 234,299 4.24 0.923
Value for money 222,716  3.27 1.313
Train quality Train security 221,050 4.08 0.833
Train upkeep 235,233 3.95 0.953
Train information 220,333 3.98 0.970
Train cleanliness 239,497 3.99 0.928
Train cleanliness out 209,085 3.94 0.901
Train seating comfort 231,137 3.78 1.009
Station overall 237,315 4.12 0.833
Train overall 240,525 4.02 0.906
Overall* 242,311 4.14 0.906

* indicates the variablessed as dependent vailied (described in sectidn3.])

Table 20 Correlation between the key satisfaction variables

(1) Overall (2) Station (3) Train (4) Punctuality

(1) Overall 1.00
(2) Station overall 0.53 1.00
(3) Train overall 0.74 0.50 1.00

(4) Punctuality 0.57 0.38 0.50 1.00
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The satisfaction variableare expected to be correlated. In line with expectations,
satisfaction with train and station is more positively correlated tigoverall journey
satisfaction than satisfaction with punctuali@ne of the features of delays in railways is
that they ae typically correlated with increased crowding that, in turn, may have a negative
impact on the satisfaction with train and/or stati®milarly, it is possible that travellers
facing delays report lower satisfaction with other journey aspects to exgeassal
discontent related to a delay experiertdewever, it remains difficult to understand and

isolate the effects of the general discontent from the actual experience

The correlations between all the satisfaction variables present8@bie 19 were

i nvestigated using Spear manodéewnintheheatmapr r el ati on ¢
in Figure29. It is evident that some variables (i.e. station upkeep, station environment or

cleanliness) are conceptually similar to each other, resulting in a relatively high correlation.

At the same time, the overall journey satisfactionyically more correlated to the

variables relating to satisfaction with train or journgmétable) rather than station.

(1) Train and platform information —
(2) Station upkeep
(3) Station cleanliness

(4) Station environment -

(5) Station security

(6) Station seating -

(7) Journey frequency

(8) Punctuality

(9) Scheduled journey time - 0.75
(10) Value for money
(11) Train security —
(12) Train upkeep —
(13) Train information 0.50
(14) Train cleanliness
(15) Train cleanliness out -

(16) Train seating comfort 0

(17) Station overall -

(18) Train overall
(19) Overall

Figure 29 Heat map of correlation between key satisfaction variables

5.3.3. Other control variables
Apart from scoring satisfaction with train or seating comfort, passengers in the most recent
seven survey waves were asked if they were able to find a seat on a train. 10.5% of the

respondents in the sample reported that they were unable to find a eatdot the whole
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journey. It can be expected that the availability of seating has a major impact on
satisfaction with the journey and may also possibly have a complementary effect on
satisfaction with punctuality. An average punctuality satisfaction®Wa@s recorded for
passengerwithout a seat while an APL of 3.1 was registered for tiamsengsrwho

were able to find a seat scored their punctuality satisfaction on average better (mean

satisfaction of 4.1 foan APL of 2.7 minutes).

5.4.Demand segmerdtion

The NRPS sample design ensures that the responses of passengers travelling on all the
TOCs are capturedhusthe dataset contains responses from different types of travellers

on both shorter and longer journeys. The average scheduled journey timaesample is

53 minutes withan average assenger lateness of 2.2 mirsut€he average passenger
lateness in the sample is consistent with the vadagmated bYODRR 020) suggesting

APLs of 23 minutes in the last 10 years.

The analysis employsassengesegmentation to enablcomparison of delagerception

and its impacts on & different types of passengers. The proposed approach to
segmentation is based on ticket types, journey purposes and geograplaiésinative to

this approach could be sought in clustering passegmpges based on the available data.
However the motivation behind such segmentation is to afigpre with the PDFH
framework Neverthelesssome simplifications to the demand segmentation typically used
within the PDFH are made to facilitate the analysis (i.e. reducing the number of passenger
types) whilst also replacing the journey length categorisation by the inclusian of
continuous vadble representinscheduled journey time in the conducted analysiglve
different journey purpose categories are used in the NRPS questionnaire, similainto that
the National Travel Survey. These are then classified by the three major journey purpose
categories, i.e. commute (41%), business (14%) or leisure (45%), with the split being
similar to that suggested in the National Travel Survdye Tesponses were further
analysed based on the type of ticket bought and the geographical distributioncés¢his

only passengers travelling on certain ticket types were chosen for further analysis, i.e.
seasonal tickets for commuters while passengers travelling using special ticket types and
passes were removed from the dataset. This is to ensure better heityoglepassengers
represented in a given demand segmentation category. Having consulted the approach of
similar studies and to investigate whether there are any significant differences between
passengers, the journey purpose categories were furthdyysgébgraphy (in the case of

business and commute) and fdrél @nd reducedn the case of leisure travellers).
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Alongside the propesl demand segmentatiofable 21 provides summary statistics of

key variableghat are later used in the modelliAg can be seen, business and leisure
journeys are typically longer and incur lengthier delays, but commuters (who are also more
frequent travellers) seem to generally bssl satisfied with punctuality levelBhis may

to some extenbeexplained by commuters being impadby the largest relative change

in journey times due to delay®n average, commuter journey times increase by around

10% due to delays as compared? for other travellers.

Table 21 Demand segmentation summary

Mean SD p25 p75 p90 p95

BL: Business London (N=18,428)

Perceived delay (Yes=1) 21 41

Recorded delay (Yes=1) 52 .50

Scheduled journey time 80 55 31 117 151 174
Arrival delay 359 863 O 4 10 16
Departure delay 1.36 404 O 1 4 7
Punctuality satisfaction 427 .99

Seated (Yes=1) .97 .18

BnL: Business nonLondon (N=11,251)

Perceived delay (Yes=1) 27 44

Recorded delay (Yes=1) .57 .50

Scheduled journey time 73 57 31 97 158 191
Arrival delay 354 743 O 4 9 16
Departure delay 233 552 0 2 6 11
Punctuality satisfaction 4.09 1.12

Seated (Yes=1) 93 .25

CL: Commute London (N=26,020)

Perceived delay (Yes=1) 32 A7

Recorded delay (Yes=1) 49 .50

Scheduled journey time 33 19 19 44 58 68
Arrival delay 253 551 O 3 7 11
Departure delay 157 394 0 2 4 7
Punctuality satisfaction 3.46 1.30

Seated (Yes=1) 78 41
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CnL: Commute non-London (N=15,216)

Perceived delay (Yes=1) .36 .48
Recorded delay (Yes=1) .56 .50
Scheduled journey time 25 16 14 32 46 56
Arrival delay 285 571 O 3 8 12
Departure delay 237 467 O 3 7 10
Punctuality satisfaction 3.37 133
SeatedqYes=1) .80 40
LF: Leisure Full (N=24,432)
Perceived delay (Yes=1) .18 .38
Recorded delay (Yes=1) 45 50
Scheduled journey time 50 46 22 60 108 150
Arrival delay 236 574 0 2 6 11
Departure delay 158 420 0 1 4 8
Punctualitysatisfaction 433 .99
Seated (Yes=1) 93 .25
LR: Leisure Reduced (N=51,667)
Perceived delay (Yes=1) 21 41
Recorded delay (Yes=1) 51 .50
Scheduled journey time 85 62 37 119 170 203
Arrival delay 345 826 O 4 9 16
Departuredelay 182 508 O 2 5 9
Punctuality satisfaction 436 .98
Seated (Yes=1) 96 .19

5.5.Summary

This chaptersummarised the two sources of data, namely NRPS and HSP and described
how the satisfaction and operational data were matchedg Wil allow studying
passenger perception of delayandthe relationship betweerecordedperformance and
passenger satisfactioas introduced later in the thedlisis worth highlighting the few

major limitations related to using NRPS data:

1) While passengerreport the origin and destination station they actually travelled

between and satisfaction scores are supposed to be based on the specific leg of the
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8)
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journey, it remains difficult to retrieve the whole journey in the cases where an

interchange was needadd establisits potentiaimpacton passenger responses.

Linked to the previous point, passengers are asked to score their satisfaction with
a specific service they travelled.dtowever, it remains difficult to know whether

the passengerexpected to avel onthat service or was affected by some
cancellations or delays that resulted in the need to travel on a different service,
either later or earlier than initially anticipated. Moreover, it is not known if that

could ultimately have an impact ¢time sdisfaction score

Similarly, the timing of receiving a questionnaire and compigtimay affect the
results Passengers filling in the questionnaiteser to the time of completing the
journey may be more likely to have a better recollection of thagyuSimilarly,

any discontent related to being delayed or poor journey quality may be stronger

leading to more negative survey results.

Due to thenature of survey approaches, the NRPS dataset is not necessarily
representative of the delay distributionthenetwork,asthe survey design has no
control over the distribution of delays experienced by the respondents. However,
using data from multiple survey waves makes the NRPS data more resithaat to
potential impact of a oreff disruption on the othranetrics. Moreover, the NRPS

APL levels are in line with network performance estimates provided by ORR.

Whilst the number of questions in the survey is relatively large, some of the
guestions suffer from a relatively low response. This is perhaps a segdsgle

for the analysis conducted in this study. Nevertheless, it limits the ability to test
the impacts of some of the more specific journey aspects on passenger satisfaction

or has an impact on the statistical significance of the estimated results

While some differences between the reported and recorded delays are expected,
there is a small proportion of passengers who failed to report very long.delays

Whilst it is relatively rare, it may be a result of issues raised under points 1 and 2.

The survey consists of a large number of questions, but it might further benefit
from adding information about ticket prices and income that would potentially

allow calculating metrics such as the value of time from satisfaction data.

The nature of delagtistribution in the network means that there are relatively few
larger delays and it remains more difficult to study the impact of very long delays

on passengers. This is further impacted by the larger probability of data errors in
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such responses. In thease 6 this study, however, the maifocus is on
investigating the impacts of smali@elays

While the issues highlighted above are worth noting, it is believed that their impact on the
modelling undertaken in this study is relatively modééevertheless sane of the

highlighted issuemaybe usefufor researcherdesigning shilar survey in the future

The choice of variables was carefully described while highlighting the differences between
using overall journey satisfaction and satisfaction with puaiity as the key dependent
variables.In principle, the main difference between satisfaction with punctuality and
overall journey satisfaction is the need to control the latter for satisfaction with different
aspects of journey, as delay length is likilybe one of th&ey, but not the onlaspect
determining oveall journey satisfactionWhilst there is a large number of variables
specifically treating satisfaction with different aspects of the journey, these are often highly
correlated and charactezi by a low response rathatcan become problematic as the

modelling strategy effectively discards the responses with missing data.

The final dataset used in the analysis presented in the remaining chapters of the thesis
consists 0fl47,014 response$he summary offte process of data cleanirggshown in

Table 22. While the reduction in the number of responses is sizeable, it still allows for
investigating the impacts of delays on a large number of passengers, while reducing the

scope for error and improving homogeneity among the studied segments of passengers.

Table 22 Data cleaning and processing steps

Data cleaning step Number of
resporses
NRPS full sample 274,862
Responses witha satisfaction score 263,163
Operational data matched 242,311
Delay lengths limit of 30 minutes 240,®3
Maximum difference between stated and reported delay 237,965
within 30 minutes
Excluded if a delayreported but not matched 224,632
Demand and ticket type segmentation 147,014

The previous chapters provided the motivation behind the thesis, also describing the data
usedin the remaining chapters that will focus on estimating econometric moddxtagf

perception and satisfaction
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Chapter 6
Rai | del ays and travellersdéd percept

6.1.Introduction

Transport researchers are often interested in the impact that delays have on passengers and,
ultimately, demand and operator revenues. The key &ianlarge number of transport
infrastructure projects is to reduce travel times with travel time savings being often
guantified as the largest benefits of many such investments (for research on the value of
time seeMackie et al.2003; Batley et al., 2019; Schmid et al., 20Z%)the same time, a

minute of delay has a larger negative impadrarellers and is typically valued at around

3 minutes of scheduled journey time (&eston et al., 2009; Wardman and Batley, 2014;
Wardman and Batley, 2028r reviews on lateness valuation).

When choosig a service to travel on, passengers consider the scheduled arrival time of

the services with respect to their preferred arrival time. As not&tdston et al2009)

explained in more detail iBatley(2007)and discussed i@hapter 2passengeitypically

also include a safety buffer to their travel schedules that works as a time insurance against

any possible disruptions and aims to increase the probability of arriving to the destination

within passengér s preferred arr i v affer time oepends Dhe amount
expectations, sensitivity to potential lateness, and personal characteristics of a passenger.

While intuition suggests that performance affects levels of demand, passengers are not
always able to change their travel behaviour follmyiate running, at least in the short

term (Batley et al., 2011)This means that while delays may have a negative impact on
passengey, performance may not alyg be immediately linked to demand and an
alternative way to study the delay impacts on passengers is to look at the relationship
between delays and journey satisfaction. Several studies have looked at the impact of
different aspects of the journey on tehgatisfaction (for reviews s&e Vos et al., 2013;

De Ofia and De Onfia, 2015; Gao et al., 2018; Rong et al.).Z0a%el time prices journey

comfort and provision of information are of paramount importance for travélleiskan

and Kottenhoff, 2007; Brons and Rietveld, 2009 &uis et al.,2014; Susilo and Cats,

2014; Mouwen, 2015; De Ofia et al., 2016; Abenoza et al., 2019; Monsuur et al., 2021)

Previous research suggests that passengers delayed by over 30 minutes are very unlikely
to be satisfied with their journey®Vittmer and Laesser, 2010; Monsuur et al., 2021)
Moreover, according tdlonsuur et al. (2021)in the case of standing passengers, this
threshold reduces to &0 minutes Neverthelessas noted byfransport Focu$2015)

satisfaction levels tend to start droppimgrh the very first minute of late runningor
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business and leisure travellers they decrease somewhat less rapidly until a threshold of
respectively 5 and 8 imutes of lateness is reached.

A large body of literature is devoted to the valuation of timenges, both in terms of
reducing scheduled journey times and increasing punctuality and reliabilitivi@chie,

et al, 2003; Prestomet al., 2009; Batley and Ibafiez, 2012; Batley et al., 2019; Schmid et
al., 2021) Mackie et al. 2003 and Daly et al.Z014)discussed the impacts of small time
savings whereaBaly et al. 2014)noted that there is no consensus on the treatment of
benefits arising from these small changes with differences in standard practices around the
globe. As natd byWelch and Williamg1997) minor savings often account for a large
proportion of the time benefits of transport projects. Howeagsuggestedy Daly et al.

(2014) it is likely that assuming a constant marginal value of time is wrong as passengers
might not be able to notice the smaller journey time reductioitsough, Mackie et al.
(2001)argued thaeven ifpassengarare not able to perceive these chantfjey, can still

have economic benefits, similarly to the impdttsn investment in road setfy where
changes in accident probabilities are not directly observed or noticed by the road users
Analogously smaller delayshat do not necessarily affect passenger satisfaction, or even
remain unperceived, are naecessarilyunimportant Increased wferstanding of the
impacts of smaller delaysncontribue toexploring any potential inherent ndinearities

in the valuation of time.

While previous research provides us with some understanding of how passenger
satisfaction changes with delays, litB&known about how passengers perceive delays and
the effects that delay perception may have on satisfadtielsen 2000 and Rezapour

and Ferraro4021)indicated that passenger perception of late running has an impact on
travel behaviour and public transport suppliers can learn how to improve their services by

investigating these impacts too.

In principle, work conducted as part of this chapter drawesranmber of previous studies
examining the impacts of lateness massengers (i.®atley, 2007; Preston et al., 2009;
Monsuur et al., 202vhilst responding to the suggestion/ifardman and Batley2022

and Rong et al2022)that lookingat the differences between perceptions of late time and
recorded delay lengthsan improve understanding of the impact that delays have on
passengerdn this contextthe perception of delay thought of asan intermediate step
linking the existence of delay (supgdide disruption) with the impacts on utility and
ultimately demand (demargide impact), since for delays to have an impact on travellers

they clearly need to be perceived.
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The work conducted as part of this chapter uses data on rail passenger delay perception
from 10 waves of a travel satisfaction survey (NRPS) conducted bgpgawr-ocus in the

United Kingdom. Passenger responses were matched to the operational data using the
Historic Service Performance (HSP) database to allow comparison bgtagsnger 6
reports of late arrival and recorded delay lengths as desciib&thapter 5 The

investigation of delay perception is basedimmanalysisof:
1) travell ersé abi(leiQlyromiablelper cei ve del ays

2) passengets mi s per cept of ceporteddelayrieagiha @.e. @2 from
Tablel) and

3) the impact of journey type, length, comfort as well as arrival versus departure

delay on how delays are perceived (i.e. Q3 fiicablel)

First, binary response models are estimated where passengers' ability to perceive a delay
is explained by delay length (both at the departure and arrival) while also controlling for
journey length, quality, andype The additional controls act as hypothesis tests to
investigate whether they have a significant impact on how delays are perceived.
Subsequently, additional analysis is conducted to better understand the possible
misperceptiosof delay lengths.

The remaider of this tapter is structured as follows:

1 Section6.2provides aeview of literature covering human perception in a variety
of fields to descrile the main diferences in the ways people perceive the same
stimulusandmethods used to validate perception
Section6.3discussethe possible determinants of delay perception.

Section6.4 summarisesiow the NAPS datasetan beapplied to analysing delay
perceptiorandrepats the results ahe analysis, first looking at delay perception
as a binary outcome (i.e. delay is perceived or. not)

9 Section 6.5 investigatesthe possible reasons as to why dslaere reported
despite ortime performance.

9 Section 6.6 looks atthe relationship between perceived and recorded delay
lengths

9 Section6.7 provides a summary of findings and conclusions.

6.2.Review of studies on human perception
Human perception plays an important role in behaviour and deeisaing. As noted by
Manski 004, Shepperd et ak2013 and Lupyan(2017) the knowledge of surye
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respondents may be partial, leading to discrepancies betweegamets or expectations

and actual values. To better understand how the perception of delays differs from actual
performance, a review of studies on human perception was conducted aifevssatd
disciplines. There is an abundancditraturelooking at human perception in different
contexts, which differ with respect to how easy it is to observe and measure a stimulus and
subsequently compare the perception to measured/observed. vEdine 23 below

provides a multidisciplinary perspective on human perception.

Having reviewed research on human perception in various contexts, it is now of ioterest t
discuss the likely differences and similarities to delay percep@oime perception
research offers some insights into the divergence between perception and reality, but
unlike transport delays, the crime statistics are not directly experienced by¢posting

safety concerns. On the other hand, pain perception is conceptually closer to transport
delays as pain is, indeed, directly experienced. However, pain levels are subjective as
significant heterogeneities in their reporting have been foundsapatients. This means,

that unlike delays, which have an objective measure (time), providing an objective measure
of pain is not always easy. Similarly, while the probability of catching a virus can be
calculated, the risk itself is not directly experied@s the outcome here is binargither
becoming ill or not. Walkability and accessibility, despite being transptated concepts,

are also difficult to be objectively quantified, i.e. there is no single measure that can capture
them, since using d&hce as a proxy is argued to be an oversimplification. In terms of
measurability, a comparison of perceived and actual test performance is probably most
similar to train delays. However, significant conceptual differences rerimathe case of
delays, tle outcome is binary as is in the case of catching a vitusugh a delay may

need to cross some threshold parssengerto be able to notice it (this might depend on
lateness sensitivities or tolerance) and is conceptually more similar to pain perceptio

the sense that the longer the delay, the larger the negative impact and, hence, the

probability of perceiving it.
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Table 23 Literature review of studies on human perception

Measure  Observability Perception References
Crime rates  Measurable, Tendency to overestimate Spicer et al., 2014;
not directly Lora, 2016; Vallejo
observaple  Influenced by personaiews  /g137quez et al., 2020
news,and wordof mouth Manning et al., 2022
Perception has a larger impact
behaviour thathe crime rates
Subiject to biases such as feelir
that familiar areas are safer
Probability Measurable, Perception of the probability of  Bailey et al., 1974;
of being not directly  being captured after committing  Jensen et al., 1978;
caught observable a crimeaffectscrime rates Lochner, 2007
committing : .
a crime In an edu_catlonal setting, the
perceived risk of punishment he
an impact on dereported
delinquency in students
Pain Painis a Sense of touch is not the only Freyd, 1923; Budzynsk
perception  stimulus, but one playing a role in et al., 1973; Margolis e
not directly experiencing pain al., 1986; Crombez et
measurable or . . . al., 2005; Haefeli and
comparable  Pain reporting methods used il giaring 2006; Mancini
me_dlcz_;ll res_earch and cI_|n|_caI etal., 2011: Verma et
appllcatlonsmcllude descriptive, al., 2015: Cimpean anc
verbal,nu_rrerlcal'scales, and David, 2019: Gonzalez
pain drawings Roldan et al., 2020:
Personal characteristics have ¢ McIntyre et al., 2020
impact on perception and
reporting
Test Results are  Significant differences betweer Ehrlinger et al., 2008;
performance measurable, percepibn and actual test Papamit®ou and
but observable performance Economides, 2014
after the ,
performance i Overconfidence of those who
perceived performed poorly
Risk of Measurable, Reported infection rates and Lau et al., 2003; Boes
catching but difficult to crowding levels determine  and Winkelmann, @06;
viral calculate for perceived rik levels and Schneider et al., 2021;
diseases all the influence behaviour Lewis and Duch, 2021;
activities Shelat et al., 2022;
Cipolletta et al., 2022
Accessibility Measurable, Calculated measures can only Saelens et al., 2003;
and but no single  serve as a proxy for perceivec  Frank et al., 2010;
walkability ~ metric able to accessibility Lattman et al., 2016;
describe it TiznadoAitken et al.,

2020; Pott al., 2021;
De Vos et al., 2023
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In transport there has been very limited research concerning traveflerseptios,
especially in the context of delays.large number of studies looked at the impact of
various aspects of the journey on travedlatisfaction (e.g8rons aul Rietveld, 2009; De

Vos et al., 2013; Susilo and Cats, 2014; Cats et al., 2015; Mouwen, 2015; De Ofia and De
Ofia, 2015; De Ofia et al., 2016; Macha@dn et al., 2017; Gao et al., 2018; Obsie et al.,
2020; Monsuur et al., 2021; Rong et al., 202®)we\er, in most cases, it is difficult to
validate perception with a quantifiable service qualityasuge (Eboli and Mazzulla,
2021) For example, atisfaction with seat comfort may depend on the type of seat, but the
type of seat i categorical variablandit cannot be immediately expressed by a numeric
valug as is the caswith timeor money. On the other hand, delays have an objective
guantifiable measuretime. In this sense, validating the perception of delays can help
understand the relationship between the objective datgydl performandesubjective
delay perceptioh as shown irFigure30, and subsequently travel satisfaction (utiliby)

demand.

Objective
delay

(recorded)

Journey

satisfaction

Subjective
delay

(perceived)

Figure 30 Objective and subjective delays

Whilst investigating the impacts of delays on passenger satisfaction, most studies typically
focus on the relationship between perceived lateness and journey satisfAstion.
suggested blriman and Fellessq2009) objective (actual) performance does not always
perfectly explain passenger satisfaction. Howevempéesdby De Ofia and De Ofi2Q15)

and Eboli and Mazzullg2021) objective performance indicators are more useful than the
subjective ones as they are unbiasksljourney satisfaction data typically come from
passenger surveys, the journey lengths and delays are rarely validated with operational
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data. As argued bathanail (2008) anBong et al.(2022) combining perceived delays
with recorded delays can improve understanding of the impacts of lateness on passenger
satisfaction. A few studies where this is explored include:

1 Higgins et al(2018)looking at the relationship between satisfaction and duration
of car commute combined with respondentsod pe
Canada. As suggested by this study, drivers who perceive congestion as a serious
and frequehissue tend to be less satisfied with their travel times.

1 Carrel et al(2016) matched transitgssenger satisfaction data with smartphone
location data fronthe San Francisco Travel Quality Study to relate satisfaction to
unreliability levels and estimated a-pBrcentagepoint decrease in the proportion

of satisfied bus passengers following aniidute delay.

1 Gao et al. 2018) estimated the impacts of differences between expected and
experienced access, egress, andeinicle time on the satisfaction of public
transport users in the Chinese city of Xioban

two can better explain satisfaatitevels than the absolute values.

1 Using data from the Greek rail national survey in combination with operational
data, Nathanail 2008) compared performance and satisfaction levels and
suggeted that improvements in station and train facilities as well as developments
of passenger information systerwere of paramount importance for Greek

railways at that time.

1 Rong et al. 2022) studied the relationgh between actual and perceived
performance and passenger satisfaction of bus users in the Chinese city of
Shijiazhuang, concluding that actual travel time is not the most important factor
influencing passenger sod perggestgdthahen of tr avel
number of stops and stopping times are more important, arguing that these
counterintuitive results highlight passenger 6inability to perceive time
accurately.The perception of travel time was suggested to be largely influenced
by the negative emotions related to judgment impacted by stopping and speed.
While there are inherent operational differences betvieeses and trainghis
highlights the importance of faots other than arrival delay determining

perception of delays or their consequential satisfaction impacts

The review of the literature on the perception in very different contexts leads to
formulation of the following hypotheseslated tohow delays ray be perceivedyiven

that delay has an objective and quantifiable measure, time:
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1) It may be expected that the length of delagtoareach a certain threshold to be
perceived

2) The outcome is binarfy a delay is either perceived or not. However, the ouécom

will be continuous in the case of looking at the perception of delay lengths

3) The abundance of different biases affecting perception maya#fiect delay
perceptione.g travelling in comfortable versus crowded conditiomsy have an
impact on the alitly to perceive delaysdue to the negative emotions related to low

journey comfort

The following section discusses the likely determinants of delay percegstibris noted

that the length of delag likely not the only factor affecting delay perception

6.3.Determinants of delay perception
Before discussing the determinants of delay perception and the methodological approach,
it is worth cefining some key terms as showrFigure31 below:

1 Scheduled departure and arrival times are the scheduled times where the train was
due to depart from the origin station and arrive at the destination with the
difference between scheduled arrival time and scheduled departure tifimgqua
to scheduled journey time.

1 Departure delay and arrival delay are the differences between actual and scheduled
departure and arrival times with actual journey time being calculated as the

difference between actual arrival at the destination and sleftedeparture time.

As generally suggested ke perception research, perception of a given stimulus or
phenomenon is typically not only dependent on its intensity but also on personal
characteristics or experienceSonceptually, delay perception may be similar to pain
perception where the research interest lies in understanding the pain levels (or thresholds)
that start being noticeable by patierdtsthe case of delay perception where fibeus is

on understandindhow the ability to perceive delays changes with increasing recorded
delay lengths, this can be understood as determinindelag lengthwhere passengers

start noticing that they arrived latdhile the intuition suggests that the length of delay at
arrival is the key motivator of delay perception, it is of interest to investifjitere are

any other factors affecting how delays are perceived.
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Scheduled Scheduled
departure time arrival time
Arrival
Departure L
i) del (destination)
(origin) delay delay

. Scheduled
journey time

Actual journey
fime

Figure 31 Definitions of delay and journey time
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Whilst satisfaction effects are described in more deta@hapter 7 it is worth highlighting the key
findings from the literature opassenger satisfacti@as journey aspects affecting satisfaction may,
indeed, also affeatelayperceptionNonetheless, the length of the experienced dslaypected to be

the key determinant of delay perceptiith otherfactorsexpected to havan indirect(complementary
effecton how the experienced delays are perceived. These characteristics are assumealfecbnly
delay perception if the delay occurred, either increasing or decreasing the ability to perceive a given
delaylength Figure32 and the paragraphs below describe teegecteccomplementary effects

Personal
characteristics

Comfort

Delay Delay at Journey

perception arrival length

Delay at
departure

Delay
information

Figure 32 Determinants of delay perception

Personal chaacteristics

In the case of pain, personal characteristiese suggested tolay a very important role in how is
perceived. Passengers who are more sensitive to delays (i.e. commuters) may be more likely to perceive
delays due talarger focus on otimearrival resulting frontheinclusion of smaller buffer times and/or

larger negative consequences of latevati(i.e. being late for worl)r better knowledge of timetables

Comfort

Previous research also indicated the important role of journey comsfamtreasingly, passengers try
to find ways to use their travel time productively (either workindoausingon leisure activities)
(Lyons and Urry, 2005; Lyons et al., 2008)milarly, the valuation of journey time is typically higher
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for passengers who travel in crowded conditions as compared to more comfortable Sstteys.
passengemay Lse their travel time more productively, in turnifgdess concerned with performance.

Journey length

I't can be expect e dopeérdeiaeh delpyasysddfer petween Ghoreeband longey
journeys and is likelyo decreasevith journey length. Therefore, passengers who travel on shorter
journeys may be more likely to notice a smaller difference in travel time as compared to passenge
travelling on longer journeys. This may be relatedh®inclusion of different safety margirend a
smaller delay already representing a large increase in journey time (as compared to longer.journeys)

Delay at departure

While from the operational jiat of view, the main focus is on the length of delay at arrival (destination),
it may be expected that frotine passenges point of view, the perception of performance is formed by
personal beliefs, judgments and/or experiences. Previous research)griyrtibe work byBatley and
Ibafez 2012) found significant differences in the impact of departure versus arrival delays on
passengerdst may be expected that delay at boarding may distort ldg perceptiondue to the
additional stress and discomfort related to uncertantiwaiting for a delayed traion platform As
passengerdo not necessarilknow the exact scheduled departure and arrival t{Restveld, 2002)a

large delay at departure mafject the perception of fingderformance

Delay information

Similarly, related to personal beliefs or exper.
increase if reatime information is provided ehoard or announcements about the delagsnade to

passengers at stations.
The following sectioadescribehe methodological approaeh and repotthe results of the analysis

6.4.Binary outcome models of delay perception

6.4.1. Data
In investigating delay perception, the analysis introduced irctidipter employs the data from NRPS.
Passenger responses recorded as part of ten NRPS survey waves between 2015 and 2020 were matched
to operational data using the HSP database as described in e2tidrhis allowed computing
scheduled journey length, actual journey length, and recorded delays (at departure and arrival) for each
of thepassengeartaking part in the survey. The recorded delays were comparedwithhpan ger s 6 r e p (

about the& experience of delay=gure26).

The introductory analysis of delay perception was presented in séc®@and highlighted that the

proportion of travellers reporting being delayed in the sample increases with the length of recorded
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delay. The subset d¢iie data used in the main body of analysigresponds to the dataset summarised
in Table21, but the analysis of delay perception generally focuses on the responses with a matched
delay.However, smaller sigets of the dataset are used in the cases wbearevariables of interests

were not included in all the analysed survey waves.
The analysis conducted as pafrthis chapter looks at:

T passenger stytopeecaiveardeay (sectioib.4),i
91 reported delays when gime performance was recorded (sectos) and

1 the peception of delay length(section6.6).

For the first two streams of analysiBnary outome modelof delay perception are estimatediilst
the latter is=xplored through analysing correlations between reported and recorded delay lengths

The following section introducethe modelling approach undertakeno st udy passenger
ability to perceive a delay that represents the main stream of the apadgsiated in this chapter. The

alternative lines of investigation are presented in the relevant se@iéias{6.6).

6.4.2. Methodology
With the aim of analysing the relationship betweker ec or ded | ength of del a\
perception of being late, the aforementioned delay reports were conveatgidaoy response vable
with a passenger either reporting late arrival or arriving on time:
o p"Q’iﬁ)ﬁbi i Q¢ WRE igdb‘ﬁ)’@i QL Wa
TOROI | QE WRE i Q' ME 0VEQQ Q

(8)
To increase the understanding of the impact of delays on passengers, this work aims to investigate how
the probability of reporting a delay changes with increasing delay lenbiis type of modelling
requiresthe usage of binary outcome modelling methodghis case, the modelling approach allows
estimatingthe probability of a passenger reporting late arrival @.e. p) versus arriving on time (i.e.

@ ) with the delay perception defined as:
O p O T O E 1O

(9)

where
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(10)
andXi s an expl anatiisthgcorespondirglpdragnetér., and b

If F is the cumulative normal distribution, then the binary response model is referred to as probit. If
instead it follows the logistic distribution, then the model is referred to as logit. Both distributions are
symmetrical and the main difference is that the logistic distribution has longe(Hailswitz and

Savin, 2001)

The binary outcome models were estimated using the logit model fuircBtata 1 {StataCorp, 2021)
The estimated model coefficients represent the rate of change in tbdds@s the estimated model

has the following form:

. N ~
| 16— T fw E T ®
P N
(11)
and
. Y
r] p 'Q E
(12)

The estimates can be indicative of the direction of the relationship and size but are relatively difficult
to interpretdirectly. In addition to the estimated coeféints, atimated probabilities are shown
graphically Moreover, thedelay lengththresholds for the probability of perceiving a delay of 0.5
(binary response cutff where probability smallethan0.5 is counted as 0 and probability of 0.5 or
more is counted as 1) are compared for the different types of models estimated for conppgrises,

i.e.:

(13)

Theso-calledd d e threskoldéareestimated using the model results as this presents a wadicate

a critical level needed to change th@come, whats easily transl&d for policymakingMoreover,

this demonstratea useful way o€omparison between thgfferenttypes oftravellersas well as when
contrasting the lengths of delays that are perceivable versus those that have a detrimental impact on
delay satisfactionas introduced irChapter J. This approach is used throughout the thesisthad

forecasted thresholds are generaligsented alongsidée forecasted outcomes shoin plotsthat
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depict the shape of the relationship in more detail. Average marginal effects are not generally reported

due to the limited meritvhen comparingbetween the impacts of delays on delay perception and
satisfaction This isprimarily driven by the factthain der t he O6no del ayd scenart
being satisfied are not necessadtyual to0 whatwill be furtherdiscussedn Chapter 7

Fourmodels were considered with delay perception explained by delay length at arrivainitiahe

modelandextended models with inclusion of the additiomaliablesasshownin Table24.

Table 24 Description of the estimated models

Measure Variable Expected effecton  Model Model Model Model
delay perception 0 1 2 3
(hypothesis tested)
Delay at Recorded length Positive X X X X
arrival of arrival delay
(La)
Personal Journey purpose Commutersnorelikely X X X
characteristics  categorisation to perceive delays
(JP)
Comfort Passenc Negative, seated X
reports about passengeresslikely to
seat availability notice delays
(Seay
Journey Scheduled Negative long-distance X X
length journeytime travellerslesslikely to
(SJ7 notice delays
Delay at Recorded length Positive,departuredelay X
departure of delay at affectingperception of
departurglp) final performance
Delay Not represented  Positive, information
information i ncreasing

focus on delays

Theinitial model (model Ohas the following form with delay perception modelled as a function of

arrival delayfor responses where a delay at arrival was matched

(14)

In model 1 model 0 is extended tdlow for heterogeneity due to journey purpase:
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(15)

where:

0 Dis a journey purpose dummy variable for each of the 6 journey purposes that takes the value of 1

when it matches the respondentsd journey pur pose

0  is the delay length at arrival which is defined as the difference between the actual and scheduled
arrival for all cases where the difference is posjtivieen the differencesinegative, such responses are
treated as otime arrival

Model 2 aims to testhe hypothesis that the marginal probability of perceiving a delay differs with
journey lengths. An interaction term between scheduled journey |emgital delayand journey
purposewas introduced to the model. Testing how the impacts vary with joymnmgpse and lengths

is in line with typicalrail economics research (i.e. Batley and Ibafiez, 2012). However, journey length
enters the model as a continuous, rather than categorical vavidiidh is often the case when flows

are segmented into journeylgh categories SP studiegi.e. Batley et al., 2019)n SP studies with

just a few different flow types, it may not always be practical to use continuous variablesthee to

relatively few distinct valueddence, thanodel takes the following form:

i'l'cpn—h VO T VOT R Ofp OO 5 Of YOV

(16)

where:
"YU i&'the scheduled journey time

Model 3 extends the previous model by investigating the impacts of arrival versus departure delay as
well as journey quality on delay perception. This is to represemtabsiblecomplementary nature of
departur e de leaecépsion df mrpval delayhisis dandiby introducing an interaction
termbetween arrival and departure delay to the model. The arrival delay coefficients are also estimated
separately for standing and seated passengersthegleat dummy variable being a proxy for journey
gualty and takng the value of 1 ifpassengewas able to find a seat or O otherwise. psssenget

reports of seat availability were only available for 7 out of the 10 survey waves, the sample size used

for model 3 issmaller tharfor the simpler modeld'his model takes the following form:
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5

(17)
where:

"Y'Q ci®a dummy variable that takesthalue of 1 ifpassengereported having a seat or 0 otherwise

0 j is the delay length at departure which is defined as the difference between the actual and scheduled

departurelf a train departed before its scheduled departure time, this is doasmten time departure.
Additional sensitivity analysis is introducedAmnex .

It is noted that the proposed models do not include all levels of interacted varfdiagasdone on
purpose with the aim of only capturing the coempéntary nature of some of teeplanatory variables.

The main effect is then captured by the lengttedéy at arrival and if any other explanatory variables

are introduced, they are introduced as an interaction between the length of delay at arrival and that
variable.The explanatory variables included scheduled journey lengtithlef delay at depante and

a dummy variable representing whether a passenger was seated or seEamdiogpleteness, the fully
specified models are also estimatftiiis applies tanodels 2 and)3and compared to the proposed

models.

6.4.3. Results
As noted in the previous sectigmise ability to perceive a delay is modelled as a binary outcome based
on respondents6 reports of |l ate runni nagdtheThe pr
delay perception thresholds are predid@dincreasingecordedengthsof delays for different types
of journeys, also allowing investigation of the impact of journey quality, length and arrival versus
departure delay on delay perceptidime results of thsimpler versions of the model are introduced
first, followed by the extendedersion of the modefi.e. model 3)with more explanatory variables

with additional sensitivity analysis presentedhimnex |

Initial models of delay perception
This section reports the results of the binary outcome models of delay perception inteailieeit

section6.4. Thefollowing models are introduced first witheresults presented ifable25:

1 Model 0 being the starting point of the analysis where delay perception is explained by the
length of delay at arrival

1 Model 1 thatallows for heterogeneity due to different journey purposes
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1 Model 2 investigating the complementary impact of scheduled journey length

1 Model 2a that includes all levels of tmteractedvariablesrom model 2

In line with expectations, the arrival dgleoefficierisarepositive and statistically significaimt models

0 and 1 athe probability of perceiving a delay increases with delay lehgtioducing journeyurpose
segmentatiorfin model 1)improvesR? and alikelihood ratio tes{Wilks, 1938)wasrunto determine
the significance of the increase in the explanatory poyesrerally justifying the added complexibyR
test statist of 2584.59p-value of less than 0.00RIFigure 33 shows the predicted probabilities of
reporting laterunning for each of the journey purposes and increasing delay lefiginpredicted
delay length thresholds at 0.5 probability-offt (p=0.5) suggest that commuters becomeaniiely

to perceive a delay aftarriving around 4 minutes lateFor other types of passengetisis delay
threshold is betweenBl minutesOn averagea minute of delay increases the probability of noticing
it by around 0.02%.03 for business trailers to London, 0.08.035 for leisure travellers, 0.035 for
nonLondon business travellers, 0.04 for commuters to London and-0.085 for noALondon
commuterslt isworth highlighting, that for commuters, the probability of delay perception is siegiges
to reach almost at delay lengths of 15 minutd=or the other travellershe correspondingprobability

is around.75.This would suggest that commuetre more sensitive to delayssulting frominclusion

of shorter buffes around theiPAT or the fact that commuter journeys are typically shofteeTable

21) and a smaller delagireadyrepresents a significant proportional change in journey time.

Business London Business non-London
1 14
.75+ .75
> /
o . / 5
(] .25 .25
T o o
(@)] T T T T T T T T
c 1 5 10 15 1 5 10 15
=
—
o
% Commute London Commute non-London
— 1 - 1 —
Y
o 75 / 754 /
2 A E——— ST
T 257 257
© 04 0-
o) T T T T T T T T
[e} 1 5 10 15 1 5 10 15
—
Q
g} . .
b} Leisure Full Leisure Reduced
° 1 1
o .75 .75
o s . /
a . .
.25 .25
04 04
T T T T T T T T
1 5 10 15 1 5 10 15

Recorded arrival delay (minutes)

Figure 33 Estimated probabilities of delay perceptionunder model 1 from Table 25
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Table 25 Estimated coefficients from the binary logit mode$ of delay perception(models 02a)

) (1) (2) (2a)
Constant -1.437" -1.741" -1.784™ -1.744"
(-114.44) (-46.65) (-46.70) (-25.64)
BnL 0.215" 0.187" 0.357"
(3.72) (3.15) (3.55)
CL 0.714" 0.730" 0.695™
(15.06) (15.07) (7.75)
CnL 0.822" 0.823" 0.893"
(15.62) (15.32) (9.29)
LF -0.0637 -0.0854 0.0355
(-1.25) (-1.63) (0.42)
LR -0.0148 -0.0463 0.257
(-0.34) (-1.03) (3.22)
Arrival delay
BL 0.166™ 0.153" 0.195" 0.191™
(86.22) (32.112) (23.63) (19.52)
BnL 0.185" 0.259" 0.237"
(26.92) (24.51) (19.43)
CL 0.187" 0.238" 0.237"
(33.28) (25.84) (20.95)
CnL 0.225" 0.305" 0.290™
(28.11) (24.90) (20.01)
LF 0.185" 0.241" 0.225™
(33.69) (31.07) (26.09)
LR 0.171" 0.239" 0.208™
(55.70) (47.80) (36.44)
Arrival delay x SJT
BL -0.000358" -0.000316"
(-6.50) (-3.93)
BnL -0.000726" -0.000458"
(-10.47) (-4.42)
CL -0.00122" -0.00120"
(-7.57) (-5.00)
CnL -0.00249" -0.00194"
(-9.59) (-5.08)
LF -0.000697" -0.000419"
(-11.24) (-4.47)
LR -0.000541" -0.000213"
(-18.74) (-5.00)
SJT
BL -0.000492
(-0.72)
BnL -0.00285"
(-3.50)
CL -0.000147
(-0.10)
CnL -0.00427
(-1.93)
LF -0.00326"
(-4.00)
LR -0.00398"
(-10.42)
N 73050 73050 72884 72884
LL -42557.5 -41265.2 -40772.8 -40699.0
Pseuddr? 0.107 0.135 0.143 0.144

Legend statistics in parentheségy < 0.05,” p< 0.01,”™ p < 0.001;" difference betweeseated and neseatectoefficientsbeing

statistically significantBL/BnL i Business London/nehondon, CL/CnLi Commute London/nehondon, LF/LR Leisure Full/Reduced.
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Model 2 extends model 1 by the addition of an interaction term between scheduled journey time and
arrival delay to testhe hypothesis that passengers travelling longer would need to be subjected to a
lengthier delay to perceive The estimated coefficients are presentefliahle25 above(under model

2). As expected, the probability of perceiving a delay is suggested to increase with increasing delay
length. Howevergiven the negative coefficients on the interaction between delay length and scheduled
journey time the probability operceivinga delayis suggested tdecrease witfourney lengthFigure

34 below shows the predicted probalg of perceiving a delay for all the journey purposes for
increasing delays at the"1@nd 90" percentile of scheduled journéyne. This is to take into account

the differing distribution of journelengths As the predicted probabilities show, typicdlly a longer
journey, a longer delay is needed to achieve the same probability of delay perception. The delay
perception thresholds where the predicted probability is 0.5 are shdviguire35 below for the 18

and 90" percentiles of scheduled journey lengths. Therefore, the change in the journey length from the
10" to 90" percentile increases the delay length threshold requirepfassengeto be more likely to
perceive a delay. The difference between the delay length thresholds for journeys &tahd 20"
percentile of journey length is smallest for commuters (1.7 minutes) followed by business travellers to
London (3.2 minutes), leisureatrellers on the full fare (3.5 minutes), Abondon business travellers

(4.6 minutes) and leisure travellers on reduced fares (4.7 minutes). However, both the estimated
thresholds and scheduled journey lengths differ between the demand segments. kemmthat at

the 10" percentile of scheduled journey length, the delay length thresholds show considerable variation
while scheduled journey lengths are similar, as the delay length threshold is the lowesifonadom
commuters at 3.4 minutes for a joay time of 22.5 minutes compared to 9.6 minutes for a journey
time of 22 minutes for business travellers to Londr.the longer journeys, the change in the delay
thresholds seems to be driven by scheduled journey ragtier than journey purposeverall, model

2 would suggest thaome of the differences estimated in modeld. in fact, partly explained by the
inherent differences in journey lengths between the different passenger categories.

Model 2a expands the previous specification (of m@)dly incorporating scheduled journey length

on its own (in addition to its interaction with delay lengtdwever, as shown in more detailAnnex

Il (sectionA), thereare nosignificant differences between the results of the two estimated models.
While itis generally standard practice to incluadieevels of the inteacted variables, the main interest
here ison the impact thiarrival delay has on the perceptidalay andhe complementary nature of
scheduled journey time. Conceptually, scheduled journey time itself should not impact the probability
of perceiving a dlay ndependently of delayf it does affect it directlyi.e. as allowed irmodel 2a),
thenthis could beconsideed tobe an irrational response, unlésis demonstrates the impacts of the
expectationgbout déays on different journey types. Hencketpreferred model in this case remains

model 2.
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Figure 34 Estimated probabilities of delay perceptionunder Model 2from Table 25

—~ 16

3

5 14 _
= ¢ T
> 10 §

x

L 8 8

T 6 L

2 8

© 4 ™)

Q 2

2

9 0

& 0 50 100 150 200

Scheduled journey length (minutes)
@ Business London ® Business non-London ® Commute London
® Commute non-London® Leisure Full Leisure Reduced
Figure 35 Estimated delay thresholds for p=0.5 and 10th and 90th percentile of SJT

Extended models of delay perception
Subsequentlthe delay perception is expected to be additionally impacted by journey comfort, onboard

announcements or length of deltydeparturas

1) passengersiay bemore likely to notice a delay when journey comfort is wprse
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2) passengers waiting for a delayednrat departurenay bemore likely to perceive a delay than
passengerwho were delayed while being-boardor

3) on-boardand platform announcememmyinfluenepas senger s6 perception

explored as part of this analysis due to lack ed)da

Against this background, edel 3 extends model 2 by estimating the coefficients separately for
passengers who reported being seated and standingesults reported imable26. Additionally, an
interaction between arrival and departure delay is added to represent the impact of the length of delay
at the departure on delay perception for a given length of arrigaligation) delayNot including all

levels of interacted variables in models3deliberateaiming to focus on testing the complementary
effects of the additional explanatory variables to the main effect of the lenagthval delay on delay
perception However, for completeness atal allow comparison, model 3 is also-estimated with
inclusion of all levels of interacted variables (modeir8&able26).

Model 3includes a larger number of explanatory variables, but due to data limitations, the sample size
is reduced when compared to the previous modheace assessing whether the more complex model
significantly improves the fit using a likelihood ratio t@atilks, 1938)is complicated. However, such

a test was run following restimation of model 1 with the sample correspondinghtd used in
estimatingmodel 3 (results not reported). The LR t&stisticof 2066.20 was computed with avplue

of less than 0.0001, justifying the added complexity.

In summary, nder model 3as reported iTable26):

1) Arrival delay coeficients are positive and significant for all journey purposes and in both seat
andno-seat scenarios, though typigaarger for norseated passengers (with not statistically
significant difference for business travellers).

2) The impact of scheduled journelength is generally negative (thoughsignificant for
commutersand business travellers to London).

3) Discerning thecomplementary effeadf having a seat on how journey length affects delay
perception is more challenging, given that the probability afgieing a delay increases in a
different way for seated and ngeated passengers. Hence, a reduction iprbigability of
percaving adelay due to increasing journey length for seated and standing passengers is from
a different level.

4) The impact of depéure delay is significant and positive, meaning that for a given length of

arrival delay, the probability of perceiving a delay is larger if the train also departs late.
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Table 26 Estimated coefficients from the binary logit modelof delay perception (model 3 and
model Zawith all levels of interacted variable$

(©) (3a)
Constant -1.666" -1.773"
(-34.68) (-4.09)
BnL 0.338" 0.336
(4.60) (0.65)
CL 0.783" 0.433
(12.71) (0.95)
CnL 0.966™ 0.843
(13.91) (1.80)
LF 0.00961 0.213
(0.14) (0.44)
LR 0.0416 0.312
(0.75) (0.67)
Seat=1
BL -0.488
(-1.12)
BnL -0.528
(-1.77)
CL -0.462"
(-2.75)
CnL -0.416
(-2.15)
LF -0.810™
(-3.72)
LR -0.730™
(-4.00)
Arrival delay (Seat=0)
BL 0.150" 0.0941
(2.76) (1.41)
BnL 0.192™ 0.110°
(4.99) (2.78)
CL 0.229™ 0.140"
(8.55) (4.60)
CnL 0.336™ 0.132"
(10.32) (3.48)
LF 0.290™ 0.125"
(9.84) (3.41)
LR 0.247™ 0.126"
(10.83) (5.38)
Arrival delay (Seat=1)
BL 0.120™ 0.161"
(9.94) (11.21)
BnL 0.145™ 0.152"
(9.16) (9.03)
CL 0.115™ 0.159™
(7.61) (9.25)
CnL 0.189™ 0.116"
(8.83) (5.74)
LF 0.152™ 0.151"
(11.96) (11.83)
LR 0.144™ 0.159"
(19.86) (20.39)

Arrival delay x SJT (Seat=0)
BL 0.000512 0.00112
(0.86) (1.24)



BnL

CL

CnL

LF

LR

Arrival delay x SJT (Seat=1)

BL
BnL
CL
CnL
LF
LR
SJT (Seat=0)
BL
BnL
CL
CnL
LF
LR

SJT (Seat=1)
BL

BnL
CL
CnL
LF
LR

Departure delay
BL

BnL
CL

CnL
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-0.000738
(-2.33)
-0.0000537
(-0.07)
-0.00392"
(-4.37)
-0.00093%
(-3.15)
-0.000727"
(-4.05)

-0.0000924
(-1.22)
-0.000489"
(-5.19)
-0.000152
(-0.61)
-0.00168"
(-4.80)
-0.000482"
(-5.51)
-0.000298"
(-7.55)

0.0000925
(0.22)
0.000278
(0.31)
-0.00174
(-1.47)
0.000474
(0.88)
-0.000102
(-0.51)

-0.0000512
(-0.46)
-0.0000159
(-0.12)
-0.000223
(-0.66)
0.000307
(0.70)
0.0000929
(0.77)
0.0000536
(0.99)

-0.00129
(-0.21)
-0.00435
(-0.95)
0.0129°
(2.71)
0.00851
(1.31)
-0.00601
(-1.45)
-0.00142
(-0.62)

0.0000570
(0.06)
-0.00302
(-2.83)
0.00627
(2.94)
-0.00507
(-1.68)
-0.0028%
(-2.62)
-0.00255"
(-5.30)

0.465™
(23.27)
0.461"
(22.28)
0.454™
(27.05)
0.450™
(24.11)
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LF 0.466™
(28.99)
LR 0.453"
(42.84)
Departure delay x arrival delay
BL 0.0204™ -0.0170"
(13.27) (-14.23)
BnL 0.0153" -0.0166"
(9.62) (-14.85)
CL 0.0119" -0.0186"
(8.64) (-19.98)
CnL 0.00792" -0.0167"
(4.94) (-17.55)
LF 0.0106™ -0.0183"
(9.56) (-21.14)
LR 0.0147" -0.0167"
(19.54) (-29.23)
N 48793 48793
LL -26973.4 -24095.8
Pseudo R 0.167 0.256

Legend statistics in parentheség < 0.05,” p< 0.01,”™ p < 0.001;
BL/BnL 1 Business London/nehondon, CL/CnLi Commute London/nehondon, LF/LRLeisure
Full/ReducedSJT: scheduled journey time, Seat=0 represents a standing passenger

The predicted probabilities are shown belowrigure 36-Figure 38 for each of the journey purposes
under the scenarios where pasgers did or did not have a seat, for the 10th and 90th percentile of
journey length and the departure delay of respectively 0 and 15 miflhéesomplexity introduced by

the multiple interactions between numerous variables makes the direct compadsgiEated.
However, it can be seen that generally, the predicted probabilities of perceiving a delay are always
highest for a given length of delay at arrival if the passenger was standing, the train departed late and
the journey was relatively shoffthis is alsodemonstratethy the estimatedelay length thresholds at

the p=0.5 inFigure 39 below. Looking atthe shorter journeys with a large departure delay arigein

case wherthe passengewas standingthe estimated thresholds are between 2.0 minutes for non
London commuters to 3.9 minutes for leisure travellers on full fare. On the other hand, the estimated
thresholds aréhelargest for the longer journeys witlo delay at the departure and whie@passenger

was able to find a seat, between 6.4 minutes forimorlon commuters to 19.9 minutes for Aoandon
business travellers. This would be indicative of the impact that both journey quality, length and delay
at departure can have on the petien of arrival delay, also suggesting that the impact of these travel

attributes is much smaller on the commuters.
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Figure 39 Estimated delay length thresholds for p=0.5 for different journey quality,

SJT, and departure delay scenarioghased on model 3)
Considering the complexity of the modelling approach and the number of continuous
variablesand interactions between them, the sumnimatpw aims to highlight the key
conclusions regarding the impact of each of the variables on the delay peragption

different types of travellers
Businessand leisure

The probability of perceiving aarrival delayby business and leisure travellgypically
largely increases with the length of departure dedasythe departurdelayincreasesthe
equivalent delay at arrivaéquiredto reach 0.5 probability of delay perceptidecreases

by up to 15minutes,depending on journey lengémd seat availabilityThis also suggests
that all these attributes hagelarge and complementary effect on the delay perception.
Travelles on longerjourneys may incorporatelarger safety buffers to increase the
probability of arriving to the destination before their scheduled activity (i.e. meeting
leisure activity) starts and, thase not as sensitive to the smaller deldjsreover, seated
travellers are also more likely to use their travel time productivedydin work or leisure

activities) whch can reduce their focus on-time versus late arrival.
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Commute

Commutersé perception of arrival delhay i s
as journey quality or lengttHowever,the probability of perceiving a delayenerally
decreassif a traveller is seated and for longer journeys, and inessdth length of delay

at departureNeverthelessthese impacts are typically less pronounced for commuters.
Comparing with other trallers, for a given length of delayall else being equal),

c o mmu tpmbalsilily of perceiving a delay is typically largéman for the other
passengersbut commuter journeys are usually also relatively shbot reach a 0.5
probability of perceiving aalay, typically an arrival delay of& minutes is needed. This
threshold decreases with increasing length of delay at depdrtaving a seat has a
significant and negative impact on the delay perception of London commuters. Non
London ¢ ommtuon ef detays ispessrafteetqul by journey quality and departure
delay. This could be a result of the differences in the safety buffers includedrin the
journeys ordifferences inservice offeringthat may be characteristic for nohondon
services(i.e. lower frequency of departures, meaning that any possible disruption has a

larger impact on thiejourneys).

It is highlighted that the comparison betweenghgposed model (model 3) and the fully
specified model (model 3a) that includes all levels of intechvariabless complex due

to thelargenumber of interactions includekh. the case of model 3spme @ the estimated
coefficients do not have the expected digmy. the coefficient on the interaction between
arrival and departure delay is negative) or signs differ between journey purposes (e.g. the
coefficients on scheduled journey lengtihile it is expected that the magnitude of the
impact may differ betwen passengers, the direction of the relationship is expected to be
uniform across all journey purposasd generally in line with the relationships estimated

by model 3 The complication of this is clearly visible #nnex Il in Figure 68. When

looking at the plotted estimated probabilities of delay perceptiggciear that mode3a
(estimated with inclusion of all levels of the interacted varidlftas to correctly predict

the direction of thetudiedrelationship. The estimated probability of perceiving a delay is
suggested to decrease with increasinglieef delay at arrival at larger values of delay at
departure. Moreover, in this case, the average marginal effects also suggest that the impact
of a minute of delay at departure is larger than the impact of a minute of delay at arrival.
This is expectetb be due tdhe presence of multicollinearity in the model with all levels

of interacted variables included. The variance inflation fgdtarquardt, 1970kor model
3awascalculatedo be 46.6 as compared to 3.9 for model 3 in its original feaggetng

that the model with all levels of the estimated variables suffers from high level of

mu c h
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multicollinearity. Giventhis,the moreparsimonious modéi.e. model 3which also yields
interpretable and plausible resuksnains the preferred model.

Model performance

Theestimatedno d el s h av e 2 (McFadaehd187495 asourR0.1-0.2 what is

of a similar magnitude to the values reported for the ordered logit mofigurney
satisfaction inMonsuur et al(2021)which also used NRPS data. It is cl¢#aat while a
meaningful relationship between the variables is found in the data and statistically
significant estimates can be computed, the model overall is not able to capture a very large

proportion of the variance in the data.

Toinvestigatamodelperformance the estimated models were used to predict the outcomes
(i.e. reports of delay perception) for the respondents in the sarfdemmmarised in
Table27, dl the models correctly predict over 70% of responses with mopletf8rming

best (correct prediction rate 88.41%. While determining whether model performance
is satisfactory maylepend on the context of the studly this case, for almost 3 in 4
travdlers, the model correctly predicts their ability to perceive a ddlagre are two
additional measures that aggically reportedwhencommenting on model performance
(e.g.Harris, 2021)

1) Sensitivity,defined as the ratio of correctly piieted positive outcomes (delay
reports) to all positive outcomes. This cai§ also highest for mode] 8t 77.77%.

2) Specificity,defined as the ratio of correctly predicted negative outcometinjen
arrival reports) to all negative outcomes. This ratidighest for model 2, at

72.72% with minimal differences between the models.

Additionally, it was investigated what the minimal predicted perceived and maximum
predicted unperceived delay lengths are for each of the estimated nhodleésdataset,

there @ae both cases where a minimum delay length of 1 minute is perceived and the
maximum delay length of 30 minutes is unperceived. In the case of the estimated models,
it is noted that some heterogeneity in the perception of delays is expected that needs to be
controledfor, asis doneby theinclusion of additional variables in models 2 ant®del

1 is less capable of predicting the heterog@winthe delay perception reportslodels

2 and 3 are able toettercapture the additional effects of journength and quality as

well as delay at departuvéhat, n many case®xplairs why smaller delays are perceived

or larger delays remain unperceivétbwever there remains a sizeable proportion of
perceiveddelays that were predicted to be unperceitrethe dataset, arour8b-37% of

respomentsreported a delayhereas the proportion of predicted perceived delays is at 18
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20% Sensitivity analgis (Annex |) triesto investigate whether the reasons for some wrong
predictions may be attributed to data inaccuracies or heterogeneity in travellers.

Table 27 Model performance

Delay reported Predicted Model 1 Model 2 Model 3
Yes Yes 12.95% 13.93% 15.81%

Yes No 22.93% 21.95% 22.08%

No Yes 5.39% 5.61% 4.52%

No No 58.73% 58.51% 57.6%

Total correct predictions 71.68% 72.44% 73.41%
Total reported late (data) 35.88% 35.88% 37.89%
Total predicted reporting late 18.34% 19.54% 20.33%

Sensitivity (true positives to all positives) 70.61% 71.29% 77.77%
Specificity (true negatives to all negatives 71.92% 72.72% 72.29%
Minimum delay predicted perceived 5 3 2
Maximum delay predicted unperceived 11 30 30

6.4.4. Summary
This section introduced the concept of del ay

probability of perceiving a delay changes with:

1 increasing dlays at arrival and departure,
1 passengers being seated or standing,

1 journey lengthand
1

journey purpose.
In line withtheexpectationsthe following effects have been suggested:

1 The probability of perceiving a delay increases with increasing length of delay at
arrival.

1 For any given length of delay at arrival, tpeobability of perceiving it also
increases with increasing delay at departure.

1 For any given scenario, it can be expected that travellers are more likely to
perceive a delay if they are standing (e.g. travel in crowded conditions).

1 Typically, the length bthe journey contributes to a lower chance of perceiving a

delay.

p €



113

1 Journey type was indicated to have a strong effect on delay perception as typically,

commutersé probability of perceiving th

Whilst some of the estimated udts are, in fact, intuitive, studying delay perception may
provide an explanation for differing impacts of delays on different types of travellers as
well as explain the possible ndinearities in the delay impagtahich can be a result of

the suggestecelationship. Before proceeding to discuss these as part of the remaining
chapters, the following sections wiititroducetheadditionalapproaches to studying delay

percepion, by looking at:

1 passengers reporting being delayed when no delay was matched and

9 differences in the reported and recorded delay lengths

6.5.Delay perception when no delay is recorded

The pevious section investigated how the probability of perceiving a delay changes with
increasing levels of recorded delays. However, as described in se@ignn 5.8% of
responses, a traveller reported arriving late, but no delay was recottieddatstination
station.

The main limitation of the NRP8ataset is the inability to define the exact journey that
passengewas planning and expecting to make as compared to their actual experience.
This means that while the information provided fgssegers regarding their origin,
destination and services used is useful as it allows matphsggngeto a specific service

they travelled on, it is impossible to verify whether the actual journey was the same as the
planned one. Moreover, in the case ofiaalations and mulieg journeys, there is a
possibility that passenger responses reflect on the whole journey rathexr spaaific

journey leg, with can lead to someepating inaccuracies

Due to these reasonsgtresponsesvheredespite ortime peformance being matched,
passenger reported late arrivalere renoved from thedataset asoted in sectiorb.5.
However, some additional analysis may be coratlitt understand whether these reports
could have been impacted by the delay at departure that was possibly later recovered (as
no delay was recorded at arrivdelay at departure may affect judgment and, therefore,
there is a possibility that passengargving to their destination on time may perceive

journeys aslelayeddue to late departure.

On averaggea departure delay of 0.38 minutes (95% confidence interval range of 0.376
0.390) was registered for the responsd®nr® passengers reported-tone arival as
compared to 1.46 minutes (95% confidence interval range of -1.404) for the

responses where passengers reported late arrival. The difference between the reported
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means is statistically significant (p=0.000). Moreov@iable 28 summarises the
distribution of recorded lengths of delay at departure for responses where no delay at
arrival was matched arhssengeeither reported arriving etime or late. In the former

case, over 3 in 4 respondents who reportetie arrival did not experience a delay at
neither departure nor arrival. In the latter case, when passengers reported late arrival, but
no arrival delay was matched, 1 in 2 respartd were matched a delay at departure with
almost 15% of responses being characterisatld®parture delay of over 4 minutes. This
provides some indication that departure delay alsgaffectdelayperception in the cases
wherethetrain arrives to théestinatioras scheduledVhile the difference in the average
departure delay may provide some explanation for this phenomenon, it would indicate that
the thresholds of departure delay perception are smaller than in the case of the previously
modelled delg perception for the responses affected by arrival delays. A simple logit
model was run to investigate this further. This model imitates model 1Tatme25, but

the outcome variable now refers to delay reports in the case of no recorded arrival delay.
Moreover, the delay perception is explainedhmlength of delay at departure, rather than
atarrival (resultspresentedri Table29).

In all the cases, the departure delay coefficients are positive and significant, indicating on

the departure delay affecting travellersdé6 judg
perceiving a delagven if the train arrives to the destination as scheduled. The model

predicts the outcome correctly in almost 80% of responses, though it better predicts the

outcome for passengers who did not report a delay in this case (95.3% correct) as compared

to pasengers who did report a delay (21.7% correct). This might indicate on the existence

of some additional reasons (likely data errors) why passengers who did not experience a

delay at arrival reported otherwise as departure delay may be one of the expdahaitio

likely not the only one.

Table 28 Distribution of recorded departure delays for passengers who reported en
time or late arrival

Recordeddelay length at Proportion of passengers Proportion of passengers

departure who reported ontime who reported late arrival
arrival when no arrival when no arrival delay
delay was matched was matched
0 76.84% 48.17%
1-3 21.69% 37.53%
4-6 1.30% 11.08%

>6 0.17% 3.22%
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Table 29 Logit estimates of delay perception where delay is recorded at departure,
but not at arrival

1)

Constant -2.657"
(-23.98)
BnL 0.173
(1.05)
CL 0.898"
(6.71)
CnL 1.074"
(7.21)
LF 0.0853
(0.61)
LR -0.123
(-0.97)
Departure delay
BL 0.587"
(14.83)
BnL 0.505"
(12.32)
CL 0.608™
(16.47)
CnL 0.506™
(9.89)
LF 0.439"
(14.39)
LR 0.528"
(25.89)
N 19130
Log-likelihood -8880.8
Pseuddz? 0.126
% correct 79.76/%

Legend statistics in parentheség < 0.05,” p< 0.01,”™ p < 0.001;
BL/BnL i Business London/nehondon, CL/CnLi Commute London/nethondon, LF/LR
Leisure Full/Reduced

Having investigatedravelles 6 abi |l ity to perceive a del a
understanding how accurately the respaosiereported the lengths of delays they
experienced wich will be investigated in the following section.

6.6.(Mis)perception of delay lengths

Previous sections were concerned with explaining the reasons why

1) delays aréare not perceived in the cases whelay is recorde(section6.4) or

2) why they might be pesiveddespiteno delaybeingrecorded (sectiof.5).

It may be expected that travellers can not only misperceive the fact of delay occurring but
also its length. Théocus of the analysis @n the subset of the dataset with travellers who
reported lateunning and were also matched a delay and onlyitkethree survey waves

where passengers needed to state experienced delay length in minutes, instead of choosing

the delay length categes (as discussed in sectidrd). The analysis was conducted for
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responses where the recorded arrival delay was up to 30 minutes and passpoged
that they were delayed by up to 60 minutes, only for passenbenseported not changing
trains(to improve accuragy The methodology is based on analysing the distribution and
summary statisticdor the reported and recorded delay lengths with no additional

econometric models introduced.

Generally, there could be twpossible reasons for the existence of differences between
reported and recorded lengths of delays, related to delay perception or rounding errors.
There is a large body of research investigatmqding of survey responses (eMtanski

and Molinari, 2010; Giustinelli et al., 201%or example, in the case of responses reported
on a +100 scale, values that are not multiples of 5 ocglativelyinfrequently(Giustinelli

et al., 2019) In transport, as noted ietveld 001, Sab and Maruyama20p20 and
Sanko and lIriguchi 2022) rounding errors are often present in travel surveys as
respondents round their departure and arrival timeésetnearest multiples of 5, 10, 15,

30 and 60 minutes. As noted Byetveld 001) the departure times are more likely to be
rounded han arrival timeswhat canbe a result of larger penaltyfor late arrival due to
fixed schedules. In the case of the national transport survey from the NethéRiaield,

2002) only up to 15% of reported times were not multiples of 5, suggesting that rounding
is a very common phenomenon in travel surveys. As suggestRitweld 001) this
highlights the potential for biases and errors in using reported travel tiraefrdat

surveys.

Table30 andTable31 below provide a summargf respectively average reported delay
lengthfor every possible value of recorded detand average recorded delay length for
every possible value of reported delaith the distribution of reported delay lengths
presented in a histogram fiigure40.
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Table 30 Summary of reported delay lengths for each of the recorded delay lengths

Reported delay length(minutes)

Recorded Mean Max Min SD Median N
delay
1 8.87 60 1 9.14 5 745
2 7.84 60 1 8.50 5 710
3 8.63 60 1 9.48 5 647
4 8.26 60 1 7.69 5 628
5 8.27 60 1 8.14 6 557
6 9.13 60 1 7.36 7 399
7 9.86 58 1 7.31 8 366
8 10.05 45 2 6.75 9.5 346
9 10.49 60 1 7.68 10 276
10 12.89 60 2 9.50 10 213
11 12.25 60 1 7.42 10 181
12 12.78 60 1 7.37 10 175
13 13.40 50 1 6.68 12 129
14 14.97 50 1 7.56 15 134
15 14.21 30 1 5.59 15 107

Table 31 Summary of recordeddelay lengths for each of theeported delay lengths

Recorded delay length(minutes)

Reported Mean Max Min SD Median N
delay

1 6.22 30 1 7.01 3 79
2 291 29 1 2.77 2 354
3 3.87 30 1 3.74 3 489
4 4.60 30 1 3.85 4 343
5 4.73 24 1 3.49 4 1165
6 5.97 22 1 3.58 5 327
7 6.13 29 1 4.02 5 252
8 7.00 28 1 4.14 7 227
9 7.27 20 1 4.18 7 75
10 7.46 29 1 4.94 7 1166
11 8.88 22 1 4.79 9.5 56
12 9.86 22 1 541 10 109
13 11.59 29 1 5.39 12 49
14 12.52 28 1 5.18 13 31
15 10.44 29 1 6.55 10 543




118

15

Density
|

.05

O T T T T T
0 5 10 15 20 25 30
Reported delay length

Figure 40 Distribution of reported delay lengths

In line with expectationspassengereported lengths of delays are scattered around the
closest 5 or 10 minutes. In the case of recorded delays, the lengths that are multiples of 5
represent 15.8% of all responses while 58.3% of passengers reported their delay lengths to
beamultiple of 5. In the case ®ietveld 001) the rounding téhe nearest multiple of 5

was more frequent, characterising up to 85% of travel time epgdawever, there are

some key conceptual differences between departure or arrivalrépated inRietveld,
2001)andthedelay lengtianalysed hereMoreover, it seems that there egtatively few

delay length reports concentrated arour inutes. Nevertheless, as noted in section
5.2.2 the distribution of recorded delays is skewed towards smaller delays as these are
very frequent. In the case of the studied subsample, 11.6% of recorded delays are of only
1 minute, 32.7% ar within 3 minutes and 68.5% are within 8 minutes. In the case of
reported delays, these proportions are respectively 1.3%, 14.8% and Blr@Mtively

large number of delay reports (over 30%) in the case of smaller delays is not a multiple of
5. However this isstill lower than the proportion of the smaller recorded delays that are

not concentrated within multiples of 5 (almost 60% of all delays).

The plots below shotheaverage lengths of reported delays for each of the recorded delay
length categor®in Figure41 andthe average lengths of recorded delays for each of the
reported delay length categoriesrigure42. This suggests that the average length of delay

is overreported for recorded delays of up to 15 minutes. However, the difference generally
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becomes smaller with increasing recordiength of delayIn the case of reported delay
lengths, the average recorded deééngth (as well as the median as showmable3l) is

very close to the reportedldg lengtts for delaysof between 2 to 8 minutes. This would
indicate thatpassengar who perceive such delaygically also perceivetheir lengtts

more accurately. The increased accuracy may be resulting from the fact that smaller delays
while generally less likely to baoticed may bemore likely to be perceived by passengers
very sensitive to lateunning, especiallyammuters Commuters are also likely to be more
familiar with scheduled departure and arrival tiéservices that ty regularly use what

can, in turn, enable them to more quickly notice any deviations from the timatable
estimate any delays more accuratdlys also evident that in the case of reported delays

of 1 minute, the average recorded delay is abawinétes, whichis due to data errors or
morefrequent rounding of delays down to 1 minute in the case of some smaller delays. In
the case of reported delays between 8 and 14 minutes, the average recorded delay is
typically very close to the reported delay ldnchowever, slightly lower. In the case of
larger reported delays, especially above 20 minutes, the relationship becomes more
difficult to follow as the number of responses largigdgreases
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Figure 41 Average reported delay length for each of the recorded delay length
categories
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Figure 42 Average recorded delay length for each of theeported delay length
categories

Upon suggestions that travellers whotice smaller delaysmay be more accurately
perceiving their duration, additional investigation was conducted to understand the
possible differences between different types of travellers. As seggegtthe modelling

in section6.4, commuters are more likely to perceive smaller delays. Theréfigae43

looks at the average d#ffences between reported and recorded delay lengths for
commuters and other travelleliscan be seen that there does not seem to be a systematic
difference in the accuracy of delay lengths as reported by commuters and other travellers.
The only noticeald difference is the more accurate reporting of the delays in the case of
the reports of dninute delays. Hence, this suggests that the improved accuracy of reported
delay lengths for smaller delays may be a result of increased focus on performéree by

travellers with increased sensitivity to laten@ss only commutefs
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Figure 43 Average difference between reported and recorded delay length for
commuters and other travellers
6.7 Conclusions
Motivated bythe suggestions byWardman and Batley2022 and Rong et al.2022)
highlighting the importance of understanding how delays acejp&d by passenggithis
chaptelinvestigatedhow he | evel s of recorded del ays af:

Passenger delay repoftem the National Rail Passenger Survey in the United Kingdom
werematchedo an operational dataset to relate pasgee r s 6 per auenmgto on o f
actual performancd?assengerd abi | i ty twasfipteanodeled ambinagy del avy
outcome explained bythe recordedlength of delay registereat arrival and departure

points while also controlling for journepurpose, scheduled journey time, and journey

guality. The results indicate that journey quality, length and delay at departure generally

all have an impact on the perceptioriin&l performance witthe probability of perceiving

a delay generally sugdgesl to increase with delay atrival anddeparture but decrease

with journey time andbetterjourney quality. However, the effect of journey quality and

length is generally larger if a ggenger faces smaller delaysi@parture.

Commutersare suggestetb be the most sensitive travellers with respect to delays,
typically being able to perceive arrival delays as small as 2 to 8.5 mifatebusiness

travellers, the respective thresholds are betweentdI9.9 minutes and for leisure
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travellers 3.7 to 1.8 minutes. In fact, the estimated thresholds are very similar for the two
latter groups of traveller€ommuters may include shorter buffer times, their journeys are
typically shorter and are also expected to be more familiar with the timetaldéan
result in their better ability to notice delays earlier than other travellers

The analysihighlights the large impact of departure delay on delay perception as it seems
that passengers waiting for a delayed train at the origin station may be morolitkehk

that their journey was delayashat can be a result of the increased uncertainty and
discomfort Similarly, passengers who departed on tenelwere able to find a seabuld

use their travel time moneroductively in turn, reducing their abiyitto perceive a delay
(i.e.alongerdelayis neededo achieve the same level of delay perceptand especially

so for the longer journey$iowever, the impact of departure delay on delay perception
and satisfactionmay, in fact,be different and futurestudies might want to incorporate
departure delay into modelling the impacts of delays on passenger satisfaction.

Moreover, an attempt was made to investigate the reports of late arrival in the case where
no arrival delay was recorded. This was doneetitel understand whether such cases are

due to:

1) data errors due to differences between planned, experienced, recorded and
reported journeyor
2) perception of delay being strongly impacted by the delay at departure

The analysis suggested that the delags dne perceived in the case of recordedime

arrival are possibly a result of both judgment impacted by recorded delay at departure and
data errorsOn one hand, the probability of perceiving a delay in the case of no recorded
arrival delay was suggest to be larger for cases where a delay at departure was matched.
However, still almost 1 in 2 passengers who reported late arrival and were not matched a
delay at arrival, were also not matched a delay at departure. Further investigation could
possibly eplore whether these erroneous reports may have been a result of stopping
patterns (as discussedRong et al., 2022}Yheinclusion of recovery times (as discussed

in OjedaCabral et al., 20219r delays that happened while beinglward that were fully

recovered.

The next line of investigatiowas theanalysis operceptiorof delay lengths for travellers

who reported being late and were also matched a delayinVastigationgenerally
indicated that similarly to reports of departure or arrival times in travel surveys, passengers
tend to round the lengths of delays to tharest multiple of 5 minutesHowever less

commonly than when reporting departure and arrival times, likely due to a larger penalty
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related to late arrivalas suggested bRietveld @Q001) Travellers generally quite
accurately predict delay lengthetween 28 minutesvhereas longettelaysare more often
overstatedThis may be a result of correlation between the ability to perceive a smaller
delay and higher accuracy of reporting delay lesfgihpassengers who are more sensitive

to delays due toheir increased focus on train performanemwever, theanalysis
generally highlightedhe previously reporteinplications related to only using passenger
reports in the analysis of travel patterns as some discrepancies were found that result from

eithermisperceptions or data errors.

Future research directions and policy implications

Theresearctconducted as part of this chaptidls the important gap in the literature by
improving the understanding of delay perceptibhe predicted probabilities ofethy
perception and the respective thresholds suggest that very short delays are unlikely to be
perceived. These thresholds could perhaps be used in formulating performance targets or
further research intdhe nonlinearity of delay impacts as, in line Witprevious
suggestions, for a delay to have an impact on passengers, it would typically need to be
perceived firstHowever, it is important to distinguish betwesiayperception andelay

impacts onutility (or passenger satisfaction). The impact ofagielon satisfaction was
previously studied using the NRPS datasetMmnsuur etal. (2021) where the delay
threshold of 30 minutes was suggested to be theftgoint after whichpassengerare
unlikely to remain satisfied with their journeys. That piece of work, however, only focused
on passengerwho were able to perceive a delay. Tthissis, on the other haraims to

testthe hypothesis that passengers are not always able to notileother delays which

would suggest that the impact of unperceived delays is perhaps sia#esfore, the

most obvious approach is look at the relationship between delay lengths and reported
satisfactionThis will be done as phof the following clapter and subsequen(in section

7.5) thedelay perception thresholds will be contrastétth thesatisfaction thresholdshat

can help understand the differencestweenperceived delays and such that have a

detrimental impact on passenger satisfaction.

While this research udalata on delay perception matched to an operational dataset, it is
believed that the dataset would benefit from a more detailed descrgbtanned and
actual journeys, including the services thgtassengewas planning to travel on and
actually travelled opand any possible interchanges. In addition to such information, data
on fares, headways and average performance could be a adetion, allowing for a

more detailed investigation of the studied relationshijpe dataset used as part of this
analysis may be prone to some discrepancies resulting from the imperfect information

about passenger journeys.
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Unfortunately, it was impodsie to study the impact that dmward and astation

notifications or access to re@ine delay information may have assenger 6 abi | ity t o
perceivedelays,as it is difficult to understandhether,how and whera passengewas

informed about any disruption. However, it is believed thaprovision of information

aboutlate unni ng may al so be key in determining passe

This work has increased understandingaf s senger s6 perception of del ay
noting that the pol i chieciekskouldsnthaefort tanged i | operator
travell er s6é passuchaegpiodchisikely to bedvelfara maximising.he

major benefitdrom the perception researcivould be in incorporating delay perception

into research focusing on the impacts of lateness on passetigfactian and ultimately

demandThis couldfocus onunderstanihg the possible inherent ndimearities in delay

impactswherethe delay perception may be one of the explanations for such relationships

being presentpossiblyleadng to a discussion about how smaller versus larger delays

should be treated in designing performance metrics, compensation schemes and appraisal

of schenes looking at improving reliability.
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Chapter 7
| mpacts of delay on travell

7.1.Introduction

The impact of delay on passengers is usually articulated in terms of demand and revenue
responsé mindful perhaps of the financial implications of revenampensation through

the performance regimes of track access contracts. However, some previous studies have
suggested that changes in performance may not directly lead to changes in demand, due to
the lack of viable travel alternativgsarticularly in theshortrun (e.g.Batley et al., 2011)

That said, whilst the demand/revenue impacts of performance may be limitedsey
situational constraints, this does not obviate the possibility that late running is detrimental
to passenger satisfaction.

Passenger satisfaction data has been widely used in transport as there is an abundance of
literature looking at how it is imp&ed by different journey aspects (for reviews Bee

Vos et al., 2013; De Ofa and De Ofia, 2015; Gao et al., 2018; Rong et al., 2022)
suggestedby Brons and Rietveld2009) analysis of passenger satisfaction levels and the
relative importance of different aspects bé journey can usefully inform priorities for
journey quality improvements. Significant heterogeneities in satisfaction levels have been
reported between different types of travellers and transport mode uselBrésmg.and

Rietveld, 2009; Stouis et al., 2014; Susilo and Cats, 2014; Transport Focus, 2015;
Lunke, 2020) However, in most of the studies, travel timalue for moneyperformance

and journey comfort wer@find to be the strongest determinants of passenger satisfaction.

Chapter discussed the design of the curhgperatingcompensation schenas well as

e 1

the deterrimants of passenger engagement with the schemésaintpactson oper at or s

revenues|t was highlighted that the currently used delay thresholds where passengers
become eligible to claim compensation were set arbitraritjto better understanghat
lengths of delays are of detrimental impacotpassenger satisfaction, more research is
needed especiallylooking at thepotential nodinearities in delay impacthapter 6

noted that there igvery limited number of studies investigating the relationship between
the perception of unreliability and satisfaction. Moreover, even fewer studies are related
to public transport usefg.g.Transport Focus, 2015; Carrel et al., 2016; Gao et al., 2018;

Monsuur et al., 2021)n all these cases, as expected, the lower performance of public

transport was, howevesuggested to negativelyimpacp on tr avel |l er sd sat

of the conclusions from the analysis of perception, however, was that some shorter delays

have a very low probability of being perceived, what might indicate on the possible limited



126

conseuentialimpacs on passenger satisfactitwo. It was implied that for a delay to have
an impact on satisfaction, it would typically need to be perceived first.

On the other hand, it was noted that there generally is an abundance of studies investigating
the determinants of traveller satisfaction. The modelling approaches utilised by these
studies are often very different as these depend on the nature of the dependent (satisfaction)
variable and the availability and nature of explanatory varialites. example, the
satisfaction variable may be related to a specific journey experienc&ée.gt al., 2018;
SozaParra et al., 2019; Monsuur et al., 2021 )general satisfaction with transport (e.g.

Cats et al., 2015; Efthymiou et al., 201®oreover, as suggested Bao et al. 2018)

most of theresearch on journey satisfactioreimpitically-driven where the choice of the
functional relationship is made at the discretion of researchers

It was further noted that there is substantial precedent for exploiting satisfaction data in
public policy research. In the context of the Dutch rajlsy@8rons and Rietveld2009)
analysed passenger satisfaction with different journey aspects and their relative
importance. Travel time reliability was found to be the seamoidbt scored journey aspect.
Matching NRPS satisfaction data to operational ddtmsuur et al.Z021)found that the
probability of being satisfied with a train journey decreases sharply after 30 minutes of
delay (or 10 to 20 minutes if a passenger is standing in a crowded train), highlighting the
importance of both travel time and comfort for passenger $ sf act i on. Transport |
(2015) analysis of the NRPS survey revealed that commuters are least satisfied with their
journeys and most sensitive to delays. According@remsport Focus2015) passenger
satisfaction levels tend to start declining from the very first minulatehess but decline

less rapidly for business and leisure than for commute, until a tipping point (respectively

5 and 8 minutes of lateness) is reached, suggesting that smaller delays may have a smaller
marginal impact on passenger satisfactidance, tlere is some research discussing these
topics,howeverthis chapter proposes some alternatipproache€ne of the issues often

faced when modelling choice of satisfaction categories may be found in their non
guantitative nature, complicating the interation of the results. For example, it is not

i mmedi ately cl ear wharty as anddfffdairreddomearsit @ tsvid eerd 66
for passenger 6 -being) dnd, hence, the implications of such changpdticymakers,
regulators or operators. Inipciple, the analysis forming part of this chapter aims to build

on the work conducted bylonsuur et al. Z021)to increase understanding of the impact

that delays have on passenger satisfacfidis will be explored by focusing on reported

satisfaction with punctuality and analysing:



127

1) how the probability of being satisfied with punctuality changes with increasing

levels of recorded delays
2) the delay lengths that are detrimental to passengsfastibnand

3) the potential indirect impact of other journey aspects, i.e. journey length and

comfort on how delays affect passenger satisfaction

In doing so, theNRPS data described @hapter Gs employed to conduct analysis of the
relationship between recorded lengths of delays and reported satisfaction. The major
contribution of the work conducted as part of this chapter compared to the numerous
studies lookin@t passenger satisfaction lies in studying the relationship between recorded
delay lengths for a given journey experience and reported satisfaction (i.e. similar to
Monsuur et al., 2021 hemajor difference between this study arMonsuur et al.Z021)

are related to:

1) The choice of thelependent satisfaction variable relating directly to satisfaction
with punctuality as a specific journey aspect rather than focusing on overall
journeysatisfactionwhere performance is one of the many components affecting

passenger satisfaction.

2) Apart from modelling passenger satisfaction using ordered logit model, some
modifications are made to the NRPS dataset to study the relationship between
performance and satisfaction usihg binary choice framework.e. satisfaction

versus dissatisfaction).

3) Aggregating the satisfaction datatheorigin-destination pair level and estimating
models of passenger satisfaction at an OD pair teviekilitatetheapplication of

the estimated results in policymaking (e.g. setting performance targets)

Having considexd the different possible representations of the satisfaction variable, this

chapter will also address two additiofinkes of analysis

1) comparison ofhe relationship between delay length and probability of perceiving
a delay versus being dissatisfiedwiit and
2) investigation of the marginal (dis)utility of lateness, looking at how the additional

impacts of delays on satisfaction (utility) change with increasing delays
The remainder of this chapter is structured as follows:

1 Section 7.2 describes the methodology used in this chapter and the main

differences between this work and the studylonsuur et al.Z021)
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9 Section7.3then reports the results of the modelling approaches introduced in the
methodology section.
Summary of the results presented in sectiah4.
Section7.5reconciles the concepts of delay perceptionsatidfactiorto compare
the delay length thresholds where these become perceiyaEsbgngarand such
that start having detrimental impacts passenger satisfaction.
1 Investigatiorof the potentialnonlinearities indelay impact$orms part ofection
7.6.
1 Finally, section7.7 provides conclusions based on the work presented as part of
this chapter.

7.2.Methodology

Modelling of passenger satisfaction is explored using the responesqieestionnaire

from NRPS natched to operational data (as describededation5.2) with the aim of
analysing the impact of recorded performance on satisfaction reportedmoirg bikert

scale. There are two variables that describe passenger satisfaction that are particularly

relevant to this work:

1) overall passenger satisfactidrigure27) that is assumed to be affected by delays,
but also ther journey characteristics (e.gomfort) as used iMonsuur et al.
(2021)and

2) satisfaction with punctualityRigure 28) enabling studying a direct relationship

between delays and satisfaction

There are benefits and disadvantages of usamip of the two variables described above.
The first approach allows to study the relative importamicdifferent journey aspects
(such as the ones related to train, station, staff, ticket pricedpefmassenger satisfaction.
This is, however, theariable that is most similar to the ones used in the previous studies
of passenger satisfa@h (e.g.Monsuur et al.2021) In the case of punctuality satisfaction,
there is, however, no neéa controlling fortheseaspects. For example, it is not expected
that journey quality directly affects punctuality satisfaction. Rather, it can have a
complementarympact on how delays affect punctuality satisfactiare. better journey

guality may Imit the negative impact of delays on punctuality satisfaction

Statistical models are developed to explore the existence of a systematic and quantifiable
relationship between passenger rail performance and passenger satisfaction with
punctuality, whilstalso controlling for the possible complementary impacts ather

factors. Two alternative modelling approaches are employed:



129

T the O6passengerd model concernedeowath t he

passengerb6s satisfaction and

T the O60D6 mo dwiththeimpad ef mverage performance on average
levels of passenger satisfaction by origastination (i.e. statioto-station) flow.

Moreover, the modelling approach employs two alternative interpretations ofpibiats

satisfaction scale used in tNRPS questionnaire:

91 binary response where the originapsint scale is consolidated intoi 20 as to

focus on the threshold at whiplassengeis satisfied versus dissatisfied and
1 ordered response retaining the origingddint scale.

A priori, it is expected that delays have a negative impact om@usatisfactionTable

17 showed the distribution of satisfaction scores for the travellers with a matched delay
andhow average recorded delay and overall satisfagfiRPS question 16 FFigure27)

correspond to satisfaction with punctuality (NRPS questionFguare 28). As expected,

the passengers who scored their satisfaction with punctuality lower were typically
subjected to lengthier delaysfrom around 4 minutes of average recorded delay for
passengers Overy satisfiedb6 with punctual:i
dissatisf e d 6 . Over al | dsceetse withaboth iinoreasing eelagsl and
decreasing satisfaction with punctuality r om 4. 6 f or passengers ¢
punctuality to 2.5 for passengers o6very di
previous literature, performance is expected to be playing a key role in determining
passenger satisfaction.

While the NRPS employs a-foint satisfaction scale with the choice of satisfaction

categories being:
1) very dissatisfied
2) fairly dissatisfied
3) neithe satisfied nor dissatisfied
4) fairly satisfiedand
5) very satisfied

the satisfaction scale gives a degree of insighttimatrength of feeling, but the scale
itself is not strictly cardinal. Thus, apgloi nt increase on the scez

di ssatisfiedd to o6fairly dissatisfiedo) meé
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satisfaction as anfiiendcor etacs ed v erroym soOaf taii srfliye dsda.t ilsn

regression wouldin principle be a more appropriate functional form than linear
regression, since it takes account of such-lmearity. However, it has also been
suggested that results from linear andistic regression models applied to satisfaction
data are often similar (i.eerreri-Carbonell and van Praag, 2002; Stutzer and Frey, 2008)
The main disadvantage of using logistic regression in satisfaction modelling is its

complexity, as linear forms are eagi@implement and interpret.

Now, consider the two alternative interpretations of the satisfaction sdiastly the raw

ordinal scale, and secondly translation of the ordinal scale into a dichctdnwa t i sf i edd
or6not s watiable. It is Botedthat the binary representation of the satisfaction

variable allows easier representation of the delay impacts as there is a clear threshold of
satisfaction and dissatisfactiomhich lends itself to readynterpretation. However,

retaining the original séa allows ful investigaton into the dynamics of the studied
relationship and can provide additional insights into the strength of satisfaction or
dissatisfaction. Hence, both interpretations are utilised as explained further below

Interpretation a): he ordinal data is converted to binary

The proposition behind this interpretation is that thpolt ordinal scale is not a
continuous scale and that at some point on the scale, there is a threshold of satisfaction
versus dissatisfactiorDichotomisationof ordinal data is a common approach in the
literature for example in medical reselr(Capuano et al., 2007; Sankey et al., 1998)
While it is noted that dichotomisation of responses leads to a loss of information as ordinal
or continuous variables pralé more accuraiesight intothe strength of response, binary
representaticgmay help providenore directonclusions that are easterunderstand for

the wider audiencéDeCoster et al., 2009; Farrington & Loeber, 2000 loss of power

may be a significant concemspecially when sample sizes are small or events rare, which
mayoftenbethe ase with medical researdRor example, in clinicdtials, thedistribution

of outcomes may be skewed and the strength of nsgpma also be ofimportance
(Ceyisakar et al., 2021; Manor et al., 2009pnetheless, iy dichotomisation needs to
have a theoretical justificatianfor example, dichotomisatioof variablessimply based

on themediansplit is considered inappropriag€itzsimons, 2008)As suggested, the loss

of power resulting from thdichotomisatiorof ordinal data may be justified in the cases
with specific cwoff points, such as vaccine efficacy against infect@apuano et al.,
2007) It is argued that in thease ofpassenger satisfactioauch a cubff point is the
switch point between satisfaction and dissatisfacthdter discussions with theailway

industry, it has become clear that a question often asked by stakeholder relates to the
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threshold values oflelays, i.e. to determine levels délays that are acceptabier
passengerssiven the ability to define the clear entf points and a relatively large sample
size,the ordinal scale has been converted into a binary outcome, representing satisfaction
versus dissatisfactioandanalysed in addition to the original ordinal representation.

That said, there is more than one way to consolidatpar scale into a binary variable
as the satisfaction/dissatisfaction-ofit point may be interpreted in more than one way

and the following three versions are therefore tested:

T vi: 1 if passenger was oOvery satisfiedd
(53.7%)

1 V2:1lifpasseger was O6veryd or Ofai %)yandDat i sfi
if otherwise (21.0%) and

1 V3:lifpassengevas not oOofairlyd or oOvery dissat
and O if otherwise (13.7%).

In what follows, these alternative versions of bireary variable are used to explore the
relationshipbetweenthe length of delay and the probability of being satisfied.i&/2
conceptually the closest to representing satisfaction versus dissatisfaction and it also
follows the usual convention adopted Byansport Focus when reporting passenger
satisfaction, where the top two categories

compared to the otheategoriesd.g. Transport Focus, 2020a)
Interpretation b): the ordinal data is retained

The proposition behind this interprétan is that the $oint scale is a continuous ordinal

scale.

In what follows, the ordinal data is modelled to discern patterns of switching between
different satisfaction/dissatisfaction categories by the length of delay. Whilstpbiats
scale is rathdless amenable to policy work, this is the natural form of the data and reveals

additional insightswhichcannot be discerned from the binary formulation.

On the basis of restricting the datasestdiscussedin Chapter 5(see Table 21 for
descriptivestatistics) the subs a mpl e t aken f or wa rtdi necddmpan d e
74,651 0del agltbhodgh for sensemfothe snedsls, the dataset was subject to

further (alb& modest in most cases) attrition due to missing data in respect of covariates.



Having previously noted that the NRPS data has been used to study the impact of delays
on satisfaction (e.g. Monsuur et al., 2021), the following section aims to discuss the
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similarities and differencsbetween the two bodies of work.

7.2.1. Differencesin the approach to modelling satisfactiorusedby Monsuur et al.

(2021)

During the course of this PhD, a study was publishelddaysuur et al.Z021) attemping

to model passenger satisfaction and investigatow it changes with increasing delays.

This study has been referred to in multiple plandke thesis athe methodology anthe

findings are relevant and show myesimilarities. The purpose of this section is to describe

the main differences betwe#te two studies asummarised i able32.

Table 32. Main differences between the satisfaction modelling employed in this
chapter and Monsuur et al.,2021

Difference

Expected impact

Data from 10 waves of
NRPSsurveyused as
compared to 2 iMonsuur
et al. (2021)

Monsuur et al. (2021)
restricts the dataset to
responses where delay we
both recorded and reporte:
Such restriction is not
imposedn this chapter.

The core analysim this
chapteruses datan
satisfaction with
punctualityrather than
overall satisfaction used ir
Monsuur et al. (2021)

The recorded delays were
retrieved using TRUST
database iMonsuur et al.
(2021) instead of HSP
database (used for this
work).

Apart from the ordered
logit also used bivlonsuur
et al. (2021)alternative
approacheare also
introduced in this chapter

Since the number of observations is larger, this is lik
to increase the accuracy and statistical signifiearfc
the estimated results.

Retainingresponses where passenger did not percei

delay or was not delayed aims to allow for studying

impact of both perceived and unperceived delays ¢
passenger satisfaction.

Satisfaction with punctuality is expected to be mor
directly linked to a delay experience. Therefore, it
allows understanding thimpacts of delays on
satisfaction and how these are affected by journe'
quality and length. This is somewhat different to th
impact that journey quality has on overall satisfactic

As notedby Monsuur et al. (2021)RUST [Trains
Running Under System TS (Total Operation
Processing System)] records réale train performance
by compamgrecorded train timings at designated

timing points €.g.stations, junctionsHSP only
provides the timetableahdrecorded timings at
timetabled stopping pointa/hat is sufficient for the
purposes of this study.

The different nodelling approaches used in this chap

aim to decrease the complexity of the estimated mo

to allow easier interpretation of the results, increase

usefulness of this work for policymakers as well as
serve as sensitivity tests.
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As noted above, despite the similarities in the research questions investigated, there are
some important differences that make work conducted as part of this chapter unique
with respect tdhe variables and methodological approaches used. This aiprevae

new insights as welisfacilitate the application of the results to policymaking/regulatory
contexts, such as setting performance targetiesigning compensation schemes

Having discussed the differences in the analysis of passenger satistaciitucted as part
of this chapter and the work done Mypnsuur et al. (2021}the following section aims to
provide a more detailed description of the modelling approaches used as past of thi

chapter.

7.2.2. Modelling approach
As aforementioned, there are three dimensions of the satisfaction modelling undertaken as
part of thischapter

1) satisfaction (dependent) variable relating to allesr punctuality satisfaction,
2) binary or ordinal representatiomf the sasfaction variable and
3) individual passenger or aggregated @vel modelling approach

Further details are now given on these approaches.

7221The O6épassenger 6 model
Passengemodel is concerned with modelling the satisfaction reported by individual
passengers following the experience of a delay event of a specified duration. This approach
offers particular insight into passenger satisfaction across the distribution of téidnys.
the passengemodel, satisfaction with punctuality is modelled using both interpretations
of the satisfaction variable (i.e. binary and ordinal), and the binary interpretation is also

modelled using all three versions of the satisfaction thresheld/(1-V 3).
In more formal terms, the binary responagabletakes the form:

o POAMGI | QRIQQH Qi TAAKE OO 6 OGd QO ©
TQROT | QVEQLIO » 0 Qi v WHHOE w D0 a Q

(18)

The binary representation is modelled in a way that is methodologically very similar to
modelling déay perception inChapter 6with the initial model conformingo the
specification of model 1 i6.4.2and the extended version conformitagmodel 3 The

only difference is the change of thetcame variable.
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The binary response models (i.e. pertaining to the binary formulation of the data), as well
as the ordered response models (i.e. pertaining to ordinal data) to follow, were estimated
using Stata 1{StataCorp, 2021Y he estimates are indicative of the direction and strength

of relationships between satisfaction with punctuality and the explanatory variables but
may bechallenging to interpret directhSimilarly as in the case of delay perception, i
addition to the stimated coefficientgredictedprobabilities are shown graphically for a
range of arrival delay lengths from 0 to 30 minyfes binary modelsyith comparisons

made between the predictelblay dissatisfactiothreshotl (at p=0.5 of satisfaction

probalility) , i.e.

(19)

Following the analysis outlined above, the binary response model was extended to estimate
passengersd probability of choosing teach
variable can now take one of the five categories (more similar to the methodology used by
Monsuur et al.2021) which are in sequential order, an ordered logit m{delCullagh,

1980 was employed to estimate the latent continuous varigblén this case, the
probability of choosing a satisfaction categoiy estimated fok thresholdsthus:

06O Q 0Q g Q

(20)
In this case, the probability af "(s:
0d Q 0 - 0 -
(21)
where
"Ois the cumulative distribution function of the logistic distributiomey - 7.

Similarly, to the binary outcome models introduced above, the choice of explanatory

variablesconformsto the models of delay perception, i.e. modébritheinitial model:

(22)

of

t

he
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and model 3or theextended model:

- VO T 5 YQOWO T 7 O0f "™AWO 00T 0fp YOYOU

(23)
where:

0 Ois a journey purpose dummy variable for each of the 6 journey purposes that takes the

value of 1 when it mat cbsearOdthersviser espondent s¢

0 j is the delay length at arrival which is defined as the difference between the actual and

scheduled arrival for all cases where the difference is pagsititien the difference is
negative, such responses are treated dsr@narival

"YU i&'the scheduled journey time

"Y'Q dia dummy variable that takes the value of da$sengereported having a seat or

0 otherwise

0 j is the delay length at departure which is defined as the difference between the actual
and sclkduled departurdf a train departed before its scheduled departure time, this is

counted as on time departure.

In logistic regression, the coefficients represent the change-odidg)of the outcome (i.e.
being satisfied with punctuality) for a givenastge in explanatory variables, indicating

the strength and direction of the relationship. This highlights one of the limitations of
logistic regression relative to linear regression, in thatdirect interpretation of the
coefficients is lesstraightforward. However, the estimated coefficients can be converted
into margins, representing the predicted outcome for a given change in an explanatory
variable. Nevertheless, in the case of multiple explanatory variables, and especially if these
are ontinuous, such interpretation becomes difficult because of the-dimakinsionality

of the problem. This is further complicated in the ordered logit model where there are
always five outcome categories leading to a set of fivenagtid probabilities foeach se

of values of explanatory variablddence, in the case of the ordered logit model in its

extended form, this limits the ability to present the resulte@iodelling graphically.

7222The 60OD6 model
The main difference betwe@assengeand OD mode is that, whilst the former consider

the impacts of a delay event of a given length on journey satisfaction at the individual
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passenger level, the latter catesiaverage performance across the responses gathered on
a given OD pair and its impacts tre proportionof satisfied passengers.

This reformulation of the problem necessitates averaging of the raw paskesmjelata

for each OD pair with the dataset restricted to the OD pairs with at least 25 responses
(arbitrary threshold) which inthe presehwork markedly reduced the scale of the dataset

to 676 observations (OD pairs). It follows that the proportion of satisfied passengers (again
using the three alternative versions of delay satisfactiotV¥)lis now expressed in
relation toAverage Passemrg Lateness (APL). Similarly, the other variabtepresent
means or proportions for example, seat availability is presentedtlzes proportionof
passengers who were able to find a seat for a giverm@®averages are not weighted for
flow sizes as thdistribution of delays in NRPS is not necessarily representative of that in
the network.

The model is formulated in terms of the proportion of passengers satisfied with punctuality,
which lends itself to a fractional outcome logit regresgiRapke & Woadllridge, 2008)

as stated below. The model is conceptually similar to the binary logit model, but rather
than considering the probability of being satisfied, here we consider the proportion of

satisfied passengers. In more formal terms:
Odgd OF T E T®

(24)

where:

(25)

To simplify the studied relationship, the interaction between delay length at anival a

departure was excluded and journey purpose subcategories were grouped together, hence:
Oodgy O 00T R YQOWO TR 0fp YQOOWO T R 0f

YO Y

Unlike thepassengemodel, the OD model is not amet@alo ordinal data, since such data

does not readily lend itself to averaging.
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7.3Modelling results

This section reports the results for the modelling approaches describiesl previous
section starting with the swalled passenger model (and its binaryd aordinal
representations) and subsequently, the OD model using only the binary representation of

the response variable).
The following models are estimatexssummarised iffable33;
1) Passengemodel
a) Binary

i. Initial model for three versions of punctuality satisfactibakie
34)

ii. Extended model for three versions of punctuality satisfaction with

additional control variableS &ble36)
b) Ordinal
iii. Initial model for unctuality satisfactionTable39)
iv. Initial model for overall satisfactiom Gble39)

v. Extended model for punctuality satisfaction with additional
control variablesTable41)

2) The OD model
a) Binary only

i. Extendedmodel with control variablesT@ble45)

Table 33 Guide to different model permutations estimated (OS refers to overall
satisfaction while PS refers to satisfaction with punctuality)

Passenger model OD model
Binary Ordered Binary
Initial Table34 (PS) Table39 -
(PS, OS)
Extended Table36 (PS) Table41 (PS) Table45 (PS)

731. The dépassenger® model
Binary logit
The binary logit passenger model estimates the probability of a passenger being satisfied

with punctuality having experienced jaurney, whichmay have been etime or latei
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with satisfaction being treated as a binary rather than ordinal out@tm@grobability of
being satisfied was modelled using each of the three versions of satisfacti®), (V1
outlined in sectiorY.2, for different journey purposassingthe initialand then extended
modelspecification

In the firstmodel (reported ifmable 34), the binary outcome for the three versions of
satisfaction (V13) is explained by recorded delay aftrival, whilst allowing varying
impacts by journey purpos&ill the coefficients are statistically significant and, as
expected, arrival delay has agagive impact on satisfaction with punctuality, meaning that
the probability of being satisfied decreases with increasing delay levigttc a d dRé n 6 s
values of around 0-@.2 are reported, which is of a similar magnitude to the models of
delay perceptionThis suggests that while a general relationship is-tegcribed by the
estimated models, the modelreunable to predict the choice of some of the respondents,
e.g.where satisfaction was reported despite a long delay or dissatisfaction was reported
when a relatively small delay was recorded.

The purpose of the constant is to capture the probability of being satisfied with punctuality

under oO6no del ayéb. I ntuitively, one might expect
with punctuality if they ar@ot subjected to lateinning. However, significant differences

in the constant were found between different types of passengers, in particular suggesting

that commutersd probability of being satisfied i
leisureand business travellers. When passengers reported arriving ome commut er sb
average satisfaction with punctuality was found to be 3.66, as comipate?B for the

whole dataset. By contrast, when passengers reported arriving late, the respectiee averag

satisfaction scores were 2.93 and 3.08. This suggests that commuters are unlikely to be

6very satisfiedd with punctuality regardless of
reasons for this may include strategic bias where passengers score satikfaeticio

influence decisiormaking, or passengers reflecting more generally on performance rather

than describing their satisfaction with the specific jourlegy(as asked in the survey)
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Table 34 Estimated binary logistic regresion coefficients for the threeversions of
the binary representation of thepunctuality satisfaction variable

Sat V1 Sat V2 Sat V3

Constant 0.468"  2.554" 3.374"
(24.99) (79.56) (76.10)
BnL -0.154"  -0.304™ -0.387"
(-4.97) (-6.21) (-5.92)
CL -1.294"  -1.505" -1.690"
(-49.39) (-41.04) (-34.58)
CnL -1.312% -1.610" -1.847"
(-41.99) (-40.71) (-35.95)
LF 0.194" -0.0271 -0.0388
(7.82)  (-0.65) (-0.67)
LR 0.292" 0.188" 0.135

(13.29) (4.95) (2.58)

Arrival delay
BL -0.0954" -0.133" -0.154"
(-25.78) (-34.55) (-35.66)
BnL -0.138" -0.175" -0.183"
(-23.64) (-32.78) (-33.22)
CL -0.184" -0.171" -0.178"
(-25.86) (-39.87) (-42.89)
CnL -0.211" -0.180" -0.181"
(-21.42) (-32.02) (-34.11)
LF -0.135" -0.163" -0.178"
(-31.52) (-38.64) (-38.77)
LR -0.109" -0.152" -0.163"
(-48.15) (-63.14) (-61.51)
N 133478 133478 133478
Log-likelihood -81605.2 -53501.1 -39138.9
Pseuddr? 0.117 0.170 0.200

Legend statistics in parenthesésp < 0.05,” p< 0.01,” p < 0.001;
BL/BnL 7 Business London/nehondon, CL/CnLi Commute London/nchondon, LF/LR
Leisure Full/Reduced
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Figure 44 shows how thepredicted probabilities of delay satisfaction change with

increasing delaysFor better comparison between the different versions of delay

satisfaction (i.e. VA3), as well as across different journey pugm3able 35 shows the

predicteddelay lengths where the probability of accepting a delay is equal to 0.5 (i.e. the

threshold at whicla passengebecomes more likely to be dassfied than satisfiedAs

expected, the probability of being 6very satisf
always smaller than the probability of being satisfied under the more relaxed definitions

of delay satisfafon (i.e. Versions 2 and 3), and this applies to all journey purposes. The

large difference between the probabilities of accepting a delay under. V2-&of the

response variable suggests that the definition of satisfaeticus dissatisfactiohas a

large impact on the results.

Commutersodé probability of being satisfied with
delay satisfaction. However, for business travellére estimated probability of being

satisfied with punctuality is larger than O&r fdelays smaller than 5 minutes (London

travellers) and 2.3 minutes (ntwondon travellers). In the case of leisure travellers, the

threshold is 4.9 minutes for travellers on Full fares and 7.0 minutes on Reduced fares.
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Figure44Pr obabi |l ity of &édel ay satisfactiond for ir

different journey purposes based on the three definitions of delay satisfaction V1.
(5) vs (24) ; V2: (4-5) vs (£3); V3: (3-5) vs (12) based on the model fronrable 34.
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Under V2 with a more relaxed definition of
6f airly sat i s predetddielaglengtewhere passengers are rhoee likely

to be dissatisfied with punctuality (i.e. p=0.5) increase. For business travellers, the
threshold increases to 19.3 minutes (London travellers) and 12.9 minutelsofraonm
travellers). The respective thresholds for coneraiiare much loweir 6.2 minutes for
London and 5.3 minutes for ndrondon travellers. The thresholds for leisure travellers
are more similar to those of business traveliet$.5 minutes for Full fare and 18.1 for
Reduced.The relatively large differencbetween London and ndrondon business
travellers may be a result of differences in journey quality, slightly longer journeys (though
it is noted that the average journey length is only slightly longer for London business
travellers) or inclusion of largebuffers which make these travellers less sensitive to any

potential delays.

The estimated thresholds suggest that, as expected, commuters are the most sensitive group

of travellers with respect to delays. Relaxing the definition of delay satisfactiterfur
(i.e.inclusion ofthe6 nei t her satisfied nor (ediceht i sf i e
delay length satisfaction thresholds by around 3 minutes for all types of passengers.

Table 35 Delay length thresholds at the estimatd probability p=0.5

Delay at Delayat Delay at

p=0.5 p=0.5 p=0.5
V1 V2 V3
Business London 5.0 19.3 21.9
Business nonLondon 2.3 12.9 16.4
Commute London - 6.2 9.5
Commute nonLondon - 53 8.5
Leisure Full 4.9 15.5 18.8
Leisure Reduced 7.0 18.1 21.6

The comparison presentedboveasks for a commentary regarding how the estimated
satisfaction thresholds compare with the percepliFsholds estimated @hapter Gvhat

will be discussed isection?.5.

The V2 of the model is now +estimated with the addition of control variables (as in the
case otheperception modelsyith the results presentedTiable36. The estimated model
now has a larger number of dimensions as delay satisfaction is explaimedltipte

continuous variables andteractions
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Table 36 Estimated coefficients for the binary logit model with controls (aligning
with the model 3 of delay perception estimated inChapter 6)

(V2) (V2a)
Constant 2.662" 17717
(62.67) (6.33)
BnL -0.397" -0.239
(-6.18) (-0.65)
CL -1.516™ -0.701
(-31.36) (-2.38)
CnL -1.672" -1.121"
(-32.02) (-3.67)
LF -0.0902 0.247
(-1.62) (0.77)
LR 0.0573 0.166
(1.16) (0.53)
Seat=1
BL 1.042"
(3.60)
BnL 1.026™
(4.14)
CL 0.482"
(4.61)
CnL 0.686™
(5.06)
LF 0.792"
(4.74)
LR 0.899"
(6.07)
Arrival delay (Seat=0)
BL -0.311™ -0.114
(-5.75) (-2.21)
BnL -0.303™ -0.104"
(-8.26) (-2.96)
CL -0.279™ -0.138™
(-11.53) (-5.79)
CnL -0.351" -0.111"
(-12.97) (-3.76)
LF -0.332" -0.136™
(-12.31) (-5.18)
LR -0.275™ -0.100™
(-13.77) (-5.32)
Arrival delay (Seat=1)
BL -0.171" -0.160™
(-14.65) (-13.20)
BnL -0.193™ -0.148™
(-14.16) (-10.70)
CL -0.185" -0.167"
(-15.09) (-12.94)
CnL -0.228" -0.126™
(-15.74) (-7.95)
LF -0.203" -0.146™
(-18.39) (-12.75)
LR -0.161" -0.125™
(-24.50) (-18.99(
Arrival delay x SJT (Seat=0)
BL 0.00111 0.0000748
(2.02) (0.12)
BnL 0.000796 -0.000587

(2.51) (-1.43)



CL

CnL

LF

LR

Arrival delay x SJT (Seat=1)

BL
BnL
CL
CnL
LF
LR

SJT (Seat=0)
BL

BnL
CL
CnL
LF
LR

SJT (Seat=1)
BL

BnL
CL
CnL
LF
LR

Departure delay
BL

BnL
CL
CnL
LF

LR
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-0.000453
(-0.62)
0.00178
(1.99)
0.00137"
(4.06)
0.000648"
(3.54)

0.000549"
(6.70)
0.000620"
(6.92)
0.00112"
(5.35)
0.00134"
(4.84)
0.000814"
(8.58)
0.000472"
(11.31)

-0.000324
(-0.45)
0.000588
(0.58)
0.000315
(0.94)
-0.0000399
(-0.22)

0.000222
(2.31)
0.0000332
(0.30)

0.000755
(3.12)
0.000198
(0.61)
0.000154
(1.38)
-0.0000457
(-0.96)

0.00122
(0.29)
0.00899
(2.34)
-0.0114"
(-3.77)
-0.00877
(-1.75)
0.00180
(0.60)
0.00228
(1.20)

0.00297"
(3.38)
0.00427"
(4.20)
-0.00242
(-1.81)
-0.000694
(-0.35)
0.00402"
(3.98)
0.00480"
(9.58)

-0.307"
(-19.14)
-0.339"
(-20.49)
-0.271™
(-21.09)
-0.269"
(-18.08)
-0.305"
(-23.30)
-0.304"
(-36.11)
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Departure delay x arrival delay

BL -0.00919™ 0.0103"
(-10.37) (10.31)
BnL -0.00498™ 0.0121"
(-5.58) (13.81)
CL -0.00200 0.0121"
(-2.43) (15.89)
CnL 0.00161 0.0110"
(2.01) (14.83)
LF -0.00242" 0.0117"
(-3.65) (16.33)
LR -0.00621™ 0.00966™
(-15.75) (20.89)
N 87882 87882
LL -34114.7 -32109.5
Pseudo R 0.196 0.243

Legend:t statistics in parenthesésp < 0.05,” p< 0.01,” p < 0.001;
BL/BnL i Business London/nehondon, CL/CnLi Commute London/nehondon, LF/LRLeisure
Full/ReducedSJT: scheduled journey time, Seat=0 represents a standing passenger

Under model Van its extended formdelaysat both departure and arrival are suggested

to have a negative impact on delay satisfaction. This highlights the potential impact that
departure delay may have on how passengers perceiveraiag thereforgincreasng

the likelihood of being dissatisfiewith punctuality Alternatively, it may be related to the
additional inconvenience and uncertainty related to waiting for a delayed train on platform.
Having a seat has a mitigating impact on delay satisfaction, as seated passengers may be
able to use thir travel time more productivelll elsebeing equal, journey time typically

has a small positive impact on delay satisfaction, especially for seated passengers. In the
case of standing London commuters, scheduled journey length is suggested to have a
negative impact on delasatisfaction(though not significant). To some extent, this may

be explained by the suggestion Gats et al. Z015) that long commute is generally

associated with lower satisfaction with public transport.

Model V2 was also restimated witltheinclusion of 8l levels of the interacted variables
(model V2a) Similarly to modeB of delay perceptioffrom the previous chapfgrin the

case of the fully specified modahe model is affected by multicollinearity arthle
probability of being satisfied is suggeste start increasing with the length of delay at
arrival for longer delays at departuss depicted irAnnex Il (sectionB). This confirms

that the fully specified model is unable to correctly capture the modelled relationship,

hencetheoriginally proposed model (V2) is retained as pheferred one

The predictedperception thresholds iBhapter Bnvere investigated in great detail (since

the amount of research concerning delay perception is much more linkitedrevity,

the probabilities of being satisfied with punctuality were estimated based on the extended
binarylogit model (reported iTable36) for each of the 6 journey purposasdonly for

the 4scenarios representedTiable37 (as shown irFigure45).
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Table 37 Scenarios used in reporting probabilities of being satisfied with punctuality

Scenario SJT Departure Seat Arrival delay
delay
1 Mean value 0 No
2 for each of the 0 Yes .
. 0-30 minutes
3 journey 15 No
4 purposes 15 Yes
Business London Business non-London
> >
=0 Zoo
Q0 ©o 0o
5 % £
ow Be
oo oo
0 10 20 30 0 10 20 30
Arrival delay (minutes) Arrival delay (minutes)
Commute London Commute non-London
> >
Eoo Ex
Qo 0 ©o
S« S+ %z
o« o
oo 0o
0 10 20 30 0 10 20 30
Arrival delay (minutes) Arrival delay (minutes)
Leisure Full Leisure Reduced
P >
L) £
Q ©o Qo
o« =
Qo oo
0 10 20 30 0 10 20 30
Arrival delay (minutes) Arrival delay (minutes)
No DD, no seat No DD, seat 15 DD, no seat 15 DD, seat]
Figure45Pr obabi |l ity of 6édel ay satihsahdacti ond f

scenarios shown infable 37

The delay lengthlissatisactionthresholdgdefined as the arrival delay length with equal
predictedprobabilities of satisfaction and dissatisfactiomdre estimatedFigure 46),
similarly to thedelay perception threshol@@@om Figure39). The differences between the
predicteddissatisfactiorthresholds are mostly similar for leisure and business travellers
with much lower thresholds typicallgredictedfor commuters.Table 38 provides a

summary of thestimated values.
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P PR RPN
N D OO o O

Recorded arrival delay (minutes)
=
o

o N B~ O

m No seat, 10th SJT, 0 departure delay
m No seat, 10th SJT, 15 departure delay
No seat, 90th SJT, O departure delay

No seat, 90th SJT, 15 departure delay

BL BnL CL CnL LF LR

m Seat, 10th SJT, O departure delay
W Seat, 10th SJT, 15 departure delay
| Seat, 90th SJT, O departure delay
W Seat, 90th SJT, 15 departure delay

Figure 46 Estimated thresholds of delay dissatisfaction

Table 38 Summary of the impacts of having a seat, journey lengths and departure
delay on arrival delay dissatisfaction thresholds

Increase in the threshold due to

Journey Minimum Having aseat Longer No delay at
purpose threshold (i.e. journey departure
standing, long
departure
delay, short
journey)
Business 6.3 +2 to+11 +3 to+13 +2 to +20
Commute 3.5 +2 to+6 Oto +3 -1to +2
Leisure 7.4 +3 to+15 +3to +12 +1to +15

The summary presented above highlights the impact of both journey quality andoiength
the impact of delays on passenger satisfactitoreover, br noncommutersit would

seem thabeing delayed at departure from the origin station has a large impact on delay
satisfaction, likely due tthe additional stress, uncertainty and discomfetated to late
departure as welas anypossible impacts that delay at departure may have on the
perception of final performance.e&ion 7.5 will comparethe comepts of delay

perception and satisfaction.

This section presented results from the models of passenger satisthatiarsedthe
binary representation of the data. Tisequensection utilises the original (ordinal)

nature of the satisfaction scalstimating ordered logit models of passenger satisfaction.
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Ordered logit

The ordered logit works with the natural form of the data by modelling the probability of
choosing each of the five original satisfaction categories for a given delay length. This
allows insight into the dynamics tifereported satisfaction, especialijth respecto how

the most likely satisfaction category changes with increasing delay length.

Firstly, an ordered logit model is estimaiadts initial form. The choice of satisfaicin
categories is explained by arrival delay while allowing for differing impacts by journey
purpose. Of note, the models are estimated for two dependent vaiighlestuality
satisfaction in the first motiéas in the case of the previous models) ardalsatisfaction

in the second model (as in the casdohsuur et al., 2021yith the estimatedaefficients
presented iTable39. It is noted thatatisfaction with a journey is likely affected by more
factors, such as those related to journey quality. However, as modelling of overall journey
satisfaction is not the main focus of ttieesis, more sophisticated models of overall
journey satisfaction are not introdudedhis chaptewith theoverall journey satisfaction
model reported for reference only.

Table 39 Estimated logistic regression coefficients for th ordered logit model of
punctuality and overall satisfaction

(1 Punc_Sat) (2 Overall_Sat)

Journey purpose

BnL -0.178" -0.187"
(-6.19) (-6.80)
CL -1.360" -0.805™
(-59.27) (-36.18)
CnL -1.450™ -0.798"
(-55.56) (-31.21)
LF 0.157" 0.331"
(6.64) (14.91)
LR 0.280" 0.378™
(13.37) (19.21)
Arrival delay
BL -0.114" -0.0648™
(-37.84) (-21.99)
BnL -0.159" -0.0911"

(-41.65) (-24.48)
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CL -0.163" -0.135"
(-51.32) (-45.71)
CnL -0.169" -0.136™
(-42.15) (-36.77)
LF -0.155" -0.0782™
(-46.71) (-24.35)
LR -0.134" -0.0653™
(-71.93) (-35.98)
Thresholdl  -4.186" -4.618"
(-181.24) (-170.56)
Threshold 2 -2.994™ -3.293"
(-148.88) (-160.26)
Threshold 3  -2.354" -2.194™
(-122.67) (-120.02)
Threshold 4 -0.518" 0.192"
(-29.09) (11.38)
N 133478 137176
LL -148630.6 -148002.3
Pseudd?? 0.0971 0.0554

Legendt statistics in parentheség < 0.05,” p< 0.01,”™ p < 0.001;

BL/BnL i Business London/nehondon, CL/CnLi Commute London/nehondon, LF/LR
Leisure Full/Reduced®unc_Sat and Overall_Sat refer to satisfaction with punctuality and overall
journey satisfaction

The dynamics of the changes in the dominant categories are different for the models with

the dependentariable being satisétion with punctuality Figure47) and overall journey

satisfaction Figure48). It is worth making some references to the models estimated by

Monsuur et al. (2021Wwhere he overall satisfaction model contained a largenber of

explanatory variales. Monsuur et al. (2021gstimated that the dominant category choice

of

over all

satisfaction i s

o6fairly

satisfiedo

di ssati sf i ewh§ indic&edl torbée thel dekays length that is detrimental to

passenger satisfaction. The analysis conducigobe of this chapter suggestsimilar

relationship, but a much quicker change between satisfaction and dissatisfactio

especially so for comnters. While the exact comparisons are difficult due to the

differences in the modelling approaches or variables uBable 40 summarises the

up
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dominant satisfaction category choice for increasing delays from the models reported in
this sectiorfor overall and punctuality satisfaction as weliradonsuur et al. (2021)

The key observation is th#te differencesbetween the two outcome variables nisgy

explained by overall journey satisfaction alseing affected by other aspects of the

journey. This alssuggestghat especially in the context of this piece of work, using
satisfaction with punctuality as a variable of interest is preferable. Moreover, the smaller
difference in thepredictedprobabilities (i.e. for the model of punctuality and overall

satis acti on) for commuters would suggest t ha
much more impacted by the delay lengfwth a much smaller impact of other journey

aspecty

Figure 47 Probability of punctuality satisfaction for increasing delays and different
journey purposes



















































































































































































































































































































































