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Executive summary

Improving customer satisfaction, particularly through roadworks, is a priority for Highways
England. One potential measure to achieve this is raising the speed limit through roadworks
from the current 50mph limit to 55 or 60mph.

A speed limit of 55mph isot currently used on the network and thus there limited
evidence regarding how this speed limit might affect driver behaviour, perceptions or
performance, in particular in the vicinity of roadworlés previous simulator trial conducted

by TRL investiged driver behaviour imoadworks with a number of different speed limits:
50, 55, 60 and 70mpfwallbank, Robbins, Tailor, & Chowdhury, 2017the 60mph speed
limit, driver behaviour was similar to that in the 50mph spdedit. However, there was
some evidence to suggest driver behaviour in roadworks differhen the speed limitvas
55mph compared to 50mph.

In order to explore possible reasons for any differences and understand the relative safety
implications of the 55and 60mph speed limits, a further driving simulator study was
commissionedThe primary aim ofthis follow-up studywas to provide clear evidence as to

the suitability of trialling 55mph speed limits ome Strategic Road Network (SRNhis
report documerts the findings and recommendations from this trial.

Thirty six participants took part in the trial, completing six drives eaok: at each speed
limit (50, 55 or 60mph) under eithetdbwQor W K A tehficQconditions. Data on driving
behaviour (including speed, headway and lane positioeyewcollected using the TRL
W5 A3A/ I NR RNRrithaht3 waieh eydaizicking glasdesluting the drivesto
capture information on how frequently and férow longthey looked at the speedometer
Qubjective data on participant perceptions and opinionser&y also sought using
guestionnaires and interviews.

The results suggest that the speed limit dhave sone impact on visual distractiorthe
60mph speed linit resulted in substantally fewer (and shorter) fixations on the
speedometer than 50 or 55mpf.he55mphspeed limitwas no more distracting than the
50mph speed limiturrently used in roadworks

Driver workload was measured using a numbemudtrics NASATask Load Index (TL.X)
ease/difficulty scoresand variability in driving behavioufhe results suggest that workload
was related to the traffic conditionsbut not to the speed limit.From the qualitative
feedback, eme drivers perceived that 55mphas more difficult, but there was no empirical
evidence to suggest that this speed limit affected their ability to drive, compared to either
50 or 60mph.

Headway measuresthie A a G yOS 06SG6SSy (KS LI NIOAOALI YyGQa
in front in the same lane There waso evidence that the 55mph speed limit resulted in
reduced headway and thus increased collision risk compared to 50 or 60mph.

Drivers adjusted their lane changing behaviour depending on the speed hmaite lane
changes were n@e in the60mph limitand thechosengap size was largeifhere was no
difference between the 50 and 55mplrives suggesting that drivers accet similar gap
sizes at these two speed limits.

Final 1 CPRA416



TIRL

Driversindicated theywere most satisfied with the 60mph limit and least satisfied with the
55mph limit. Reasons for this included the journey time benefits, the familiarity of the speed
limit and difficulties in maintaining 55mph (although this latter point was not supporied b
the eye trackingor speeddata). Safety and comfort were rated similarly across the three
speed limits.

Based on these resulté is recommended that 55mph is progressed to arraad trialwith
a view tovalidaing the findings from thesimulator in he real world This will expand the
body of evidence required to understand how drivers react to this novel speed limit.
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1 Introduction

1.1 Background

Safety and customer satisfaction are Key Performance Indicators and critical components of
| AIKgl &a viighdferlthé Rulide. As part of this vision, Highways England is
committed to improving the customer satisfaction at roadworks, maximising safety (for both
road users and road workers) and minimising disruption caused by roadworks schemes.

One potentid measure to achieve improvements in customer satisfaction at roadworks is
challenging the approach to speed management that is usually applied at major schemes
that is, a 50mph speed limit throughout the entire roadworks schernidis requires
monitoring and evaluation of the safety and customer satisfaction (and operational
challenges) associated with raising the speed limit through roadworks to 55 or 60mph.

A speed limit of 55mph is not currently used on the Strategic Road Network (SRN) and so
there is limited evidence regarding how this speed limit might affect driver behaviour,
perceptions or performance, in particular in the vicinity of roadworks. Similarly, current
guidance (Department for Transport, 2009%pecifies thatthe minimum speed limit
reduction appropri¢e at roadworksshould be 20mph(leading to a speed limit of 50mph

As a result, 60mph speed limits are relatively uncommon at roadworks.

Driver behaviour at thesalternative speed limits (58nd 60mph) wagreviouslyevaluated

08 ¢w[ dza A ydaving sinfilatgqBvallEakk, Robd@s, Tailor, & Chowdhury, 2017)
This previous studgxamined driver behaviour through roadworks with 50, 55, 60 and
70mph speed limits In the 60mph speed limit, driver behaviour was similar to that in the
50mph speed limit. However, there was some evidence to suggest driver behaviour in
roadworks diffeed when the speed limitvas 55mph compared to 50mph.

In order to explore the possible reasofte any differences and understand the relative
safety implications of the 5&nd 60mph speed limits, a further driving simulator stueys
commissioned. This report presenthe results from this study, the aim of whiglas to
provide clear evidence asot suitability of trialling 55mph speed limits on the SRiN.
addition to the objective data collected by the simulatohet study also included a
gualitative assessment of road user perceptions of the 55mph speed limit, with a view to
understanding the faors affectingcustomeracceptanceof this speed limit.

This simulator study compared driver behaviour between six different drixes the same
route; three withYwQraffic volumes (approx. 600 vehicles per lane per hour) at 50, 55 or
60mph and thre atHighQraffic volumes (approx. 1400 vehicles per lane per hour) at 50, 55
or 60mph. The route consisted of a simulated ftame all lane running (ALR) Smart
Motorway, with major scheme roadworks closing Lane 1 after the first 4.9km of the route.
The participants therefore experienced an approach section, a short taper into the
roadworks, a 7km drive through roadworks at one of the three speed limits, and a final
secion of approximately 1km with &0mphspeed limit

'¢KS GSNX WRNAQGSQ Ay (GKA& O2y(GSEG NBFSNA (2 RNAGAYy3I |
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1.2 Research guestions
The researclguestions addressed in this study were:
1. What is theeffect of speed limit on driver distraction?
2. What is theeffect of speed limit on driver workload?
3. What is the effect of speed limit dreadway?
4. What is theeffect of speed limit on gap size when drivers change lane?
5. What is theeffect of speed limit on driver subjective experience?

This report outlines the work undertaken to answer these research questions, presenting
the simulator trial methodologySection2) and the findings related tadriving behaviour
(Section 3.1), visual behaviour(Section 3.2), and perceptions and opiniongrom the
guestionnaires and intervigs (Section3.3). The final sections of this report present a
summaryof the results(Sectiord), andrecommendations for the next steps (Sectfan
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2 Method

2.1 Overview

All participants drove six separate drives, one at each speed limit (50, &&ngquh) under
either low or hightraffic conditions, in a repeated measures (or witiparticipants) design.

Participants wore eyracking glasses during each drive to capttiveir gaze position, and
were asked to complete a short questionnaire at the end of each drive to capture their
perceptionson the easeof driving feelings ofsafety, andlevels ofsatisfactionwith each
speed limit.

2.2 Participant sample

Thirty-eight partcipantswere recruited for thetrial. Two participants were removed from
the analysis due to issues with the eyacking data. Therefore, 36 participants were
included in the final analysis.

An equal number of female and male participants were includeatienstudy (18 female, 18
male) across a range of agesigurel compares the distribution of ages in the trial sample
to the population of full car driving licencellersin Great Britain(data fromMarch 2016
(data.gov.uk, 2016)

Trial sample Full car driving licence
holders 2016

0%

1%
W <20 years
B 20-29 years 299
1 30-39 years
25% M 40-49 years
50-59 years

60+ years 20%

Figurel: Comparison of the age distribution of the trial sample and full car driving licence
holders in Great Britain 2016

The percentage of30-59 years oldswvas broadlycomparable between the trial sample and
the population of licence holderns Great Britain Licence holders agezD-29 yearsappear
to be overrepresented in the samplegnd licence holders aged 06and over were
underrepresented.Older driversare typically more susceptible teimulator sicknessas
such,participants tend not to be recruited from thage category. In addition, older drivers
tend not to drive as ofteras other age group&B licence datare not necessarily the most
representative source ahformationrelating totypes ofdrivers on the road) ando may be
less critical to include in the sample.
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¢CKS @lFad YlF22NAGe 020SN) ym>0 2F LI NGAOALN yi
experierce. The annual mileages reported participantsare shown inFigure2; these are

compared to the average annual mileage for-wheeled cars in England in 2015
(Department for Transport, 2016)

Trial sample National Travel Survey 2015

W <5000 miles
W 5000 - 14,999 miles

>15000 miles

Figure2: Comparison of the average annual mileage of the trial sample and the figures
reported in the National Travel Survey for England in 2015

The average annual mileagf the sample islightly larger than in the population as a whole
As Figure3 shows, participantseported frequently traveling on motorways and thus are
likely to have experience driving through speed restricted roadworks oSSR As a result,
the finalsamplecan be said to beeflective of the target population for this study.

The recruitment criteria specifiethat drivers should drive on motorways kast a few times a month, but
two participants reported travelled ommotorways less frequently. Nevertheless, it is still possible to be
confident that all participants hasomeexperience of driving on motorways.
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40%

35% -

30% -

25% -

20%

15%

Percentage of participants

10% -

5% -

> 3 times per week 1-2 times per week A few times a month A few times a year

0% -

Frequency of motorway driving

Figure3: Reported frequency of motorway use

2.3 Route layout

All drives utilisedhe route developed for the previoustudy (Wallbank, Robbins, Tailor, &
Chowdhury, 201 Avhichexamired 55 and 60mph through roadworks a Smart Motorway

l'lw SY@ANRBYYSyYy(d GKFG ¢l a y20 &SaG FdZfte 2LISH
¢cSaldAyaQ LKL a FempcraryRaBihtnagdnd¥nSyM) was present and the

variable signs and signals (VSS) were blSoéed limits were displayed on ground level
fixed-plate signs.

The total length of the routeised in this studyvas 13.1km consisting of a 3.3km approach
section, a 1.6km leath to the roadworks, a 7.2km work zone in which the speed limit
varied depending on the drive, and a final 1km work zone with a speed limit of 50mph in all
drives.

Approach Taper leadin Work Zone A Work Zone B

3.3km 1.6km 7.2km 1.0km

Figure4: Route structure

Each drive took approximatelyX) minutes, depending on the speed at which participants
travelled. The drives all took place undéear and drydaytime conditions.

2.3.1 Temporary traffic management

All TTM was configured to comply with T&¥apter 8 layouts for standard workas in the
previous trial The simulated TThhvolvedclosure of Lane lwith three open lanegor traffic.
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2.3.2 Speed limits

Three different speed limit$50, 55 and 60mphyvere tested under low and high traffic
conditions.The speed limits in each section, for each of thaldixes, can be seen ihablel.
All drives started with a speed limit of 70mph and ended with a speed limitQofigh. The
speed limits varied between 50, 55 and 60mph through the taper-leahd work zone A
according to thedrive.

Tablel: Speed limit(mph)in each section of the sigrives

Traffic Approach TaperLeadin  Work Zone A Work Zone B
condition (3.3km) (1.6km) (7.2km) (1.0km)
1 Low 70 50 50 50
2 Low 70 55 55 50
3 Low 70 60 60 50
4 High 70 50 50 50
5 High 70 55 55 50
6 High 70 60 60 50
2.3.3 Enforcement

The simulated roadworks sections included average speed cameras and the associated signs
to simulate speed enforcement. This replicatéd,the degree possible within a simulated
environment the conditions typically experienced when driving through losgn
roadworks on the Highways England Strategic Road Network.

2.34 Simulated traffic

Within the simulation, traffiovas designed to behave in a realistic manner to ensure that

the behaviours observed in the driving simulatauld be generalised to real road3he
OSKAOf Sa gAUOKAY GKS aAaydzZ I d2NJ F NBE OaniNRf S
programmed using three parameters: traffic volume, speed, and lane merge behaviour.
Traffic consigtd of a mix of vehicle types, including cars, vans, muta@s and HGVs.

Two traffic volumes were included; &éwQ traffic volume (approximately 600
vehicles/hour/open lane) to measure participant behaviour during fiteering conditions
when participants can drive at their preferred speed y R | tréffic Avalit@
(approximately 1400 vehicles/hour/open lane) to measure participant behaviour during
more naturalistic traffic flows.

The traffic was programmed to behave similarly to traffic on real roads with differentials in
speeds between vehicles andnes to ensure naturalistic traffic flow. Vehiclegre not
permitted to undertake other Al vehicles; therefore average speeds observed in each lane
increasel from the nearside to the offside lane§.able 2 shows the maximum speed
permitted for Al vehicles in each lane for each section of the route.
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Table2: Al permitted speedgmph) by lane for eachdrive

Traff|'c. Lane Approach Taper  Work zone A Work zone B
condition
1 70 50 - -
2 70 50 50 50
50mph  Low
3 75 55 55 55
4 80 57 57 57
1 70 95 - )
2 70 55 55 50
55mph  Low
3 75 60 60 55
4 80 63 63 57
1 70 60 - -
2 70 60 60 50
60mph  Low
3 75 65 65 55
4 80 68 68 57
1 70 50 - -
2 70 50 50 50
50mph High
3 75 55 55 55
4 80 57 57 57
1 70 55 - )
2 70 55 55 50
55mph High
3 75 60 60 55
4 80 63 63 57
1 70 60 - )
2 70 60 60 50
60mph High
3 75 65 65 55
4 80 68 68 57

There is anecdotal evidence thaith a speed limitof 50mph in roadworks, HGVs tend to
travel at or justbelow the enforcement threshol@7mph) resulting in close following with
car drivers who are compliant with the speed limit. Increased speed Iohi& or 60mph
could help to reducehe speed differential between cars and HGVs, thus reduastgnces
of close following.
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However, there is insufficient available evidence of actual HGV behaviour to robustly model
it in the simulated environment, wittkkey missing information including the percentage of
HGVs that engage in close following behaviour and the actual following distance of HGVs.
For these reasons, a research question around close following has not been included in this
study. However, somesaumptions were made about the behaviour of the HGVs in order to
set the parameters used to configure HGV behaviour:

1 1520% of the traffic was HGVs
1 50% of the HGVs were compliant with posted speed limits

1 50% of the HGVs were naompliant and passed throbhgeither at the enforcement
limit (i.e., speed limit + 10% +2) at a maximum speed d&3mph, depending on
which was lower.

HGVs otherwise follogad the same behaviours as the other traffic

al EAYdzy aLISSR& RAR y2i4 | LILX & ficiire Lane KSwasLJ: NI A
LINEAINF YYSR (2 Y2@S yladaNItte Ayid2 [FYyS o A
ensured that the participant was free to drive at whatever speed they choose when
travelling in Lane 4, and speed choice was not affected by othdictraf

Lane merge behaviour of the Al vehicles at the taper was programmed to be as realistic as
possible. The distancom the taperat which vehicles moved out of closed lan&agas

based on data collected on real roads as part of theaad trial progranme carried out by

TRL.

2.4  Trial procedure

The trial lasted approximately two hourfor each participant. There werthree phases:
familiarisation, trial dives, and postrial interview. Upon arrival at TRL, participants met a
TRL researcher who obtainédformed consent and briefed them on the trial procedure
including the questionnaires theyere required tdfill out after every drive

2.4.1 Familiarisation

Participants were introduced to the simulator and asked to adjust the seat position and
mirrors. Theywere asked to drive in the simulator as they would normally. The simulator
was set up for a familiarisation driven@ motorway route with no other traffic, t@llow
participants to become comfortable with the controls. They drove the route for
approximatdy 5 minutes,and towards the end they were asked to change lanes several
times. The simulation was stopped when participants declared themselves comfortable
driving in the simulator.

2.4.2 Trials

Participants were asked to wear eymacking glasses for the dation of the trial The eye
tracking equipment was setp and calibrated after the familiarisation drivBarticipants
were then asked if they were comfortable and ready to begin the trial drives. The order in
which participants completed the scenarios wesunterbalanced to control for order
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effects. Eydracking and simulation data were recorded for each drive and participants
completed a questionnair¢Appendix Aand a wakload questionnaire Appendix B after
each drive.

2.4.3 Posttrial interview

After completon of the six trial drivesparticipantstook part in aposttrial interview (see
Appendix ¢

2.5 Data collecton

Three types of data were collected during the study:

1. Simulator data on participant driving behaviour
2. Eyetrackingdata on participant visual behaviour
3. Questionnaire and interviewata on participant perceptions and opinions

The specifictypes ofdata collected during the study are shownTiable3.
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Table3: Data collecion

Measurement

Category Type of data Metric

Meanspeedandstandard deviationn speed

Speed Proportion of time above speed limit
Proportionof time aboveenforcement limit
Meanheadwayand standard deviationn headway

Headway

Minimum headway

Close following

Number of close following events
Mean time spent close following

Proportion of time in each lane

method

Driving Number of lane changes :
performance| Lane changes , : Simulator
Gap size when changing lanesdtdway and
sternwayrelativeto vehicles in the taget lang
Lateral lane Meanlateral lane positiorandstandard deviation
position in lateral lane position
Collisionsaand Number of collisions
nearmisses Near-missegeported by participants
R n . . N
espo .Se tone Distance to adjust to the new speed limit in work
change in speec
- zone B
limit
Meannumber offixationson speedometer
. L Meanlength offixations on speedometer
Visual Fixations on P tionof ti fixati d ¢ Evetrackin
behaviour speedometer ropor |ono- me spentfixating onspeedometer y g
Number of fixationon speedometer greater thah
second
Scores on mental, physical, temporal, performan
Workload effort and frustrationsubscales NASATLX
Total workload score
Scores on eagdifficulty of traveland reasons for
Easddifficulty | these Questionnaire
of travel Ease/difficulty of maintaining constant speed with Interview
digital vs. analogue speedometer
Subjective Scores on satisfaction o
data . . . ) Questionnaire
Satisfaction Scores on journefime Interview
Preferred speed limitand reasons for these
Safety Scores orfeelings of safety Questionnaire
Scores orfieelings ofcomforttowards other cars | Questionnaire
Comfort ,
and HGVs Interview
Perceived Perceived speettavelled relative to the speed . .
.. Questionnaire
speed limit

Final
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2.5.1 DigiCarsimulator

The DigiCar simulator logs data at 20Hz (i.e., 20 times per sed&igdjar provides a highly
immersive and realistic driving experience to users fully duplicating the operationeafla r
vehicle. Previous studies have demonstrated the validity of DigiCar as an environment
where driver performance and behaviour very closely follows that observed on real roads
(Diels, Robbins, & Reed, 2012)

Superior quality adio and visual systems with detailed graphics contribute to making the
experience as real as possible. The simulator also benefits from a sophisticated motion
system providing the driver with an impression of the acceleration forces and vibrations that
would be experienced when driving a real vehicle. All control interfaces have a realistic feel
and the manual gearbox can be used in the normal manner (automatic gears can be
simulated).

Surrounding the simulator vehicle is a large forward display scre@amggdive driver a 210°
horizontal forward field of view at a pixel resolution of up to 6114x1536. A dedicated rear
screen provides a 60° rearward field of view, thus enabling normal use of all mirrors. A
stereo sound system with speakers inside and outsiigevehicle generates realistic engine,
road, and traffic sounds to complete the representation of the driving environment.
Validation studies of DigiCar have shown it provides a highly realistic driving experience
GAGKAY 6KAOK I RNIIGSOSND FeryalSskly rdrfoss tadld pérfgrRancd S K
on real roads.

The raw 20Hz simulator data weeggregated acrossach section (approach, taper, work

zone A andwork zone B) of each of thsix drives for all 36 participantsThe variables
recorded alig with those presented iffable3.

Figure5 shows the speedometer of the DigiCar simulator. 60mph is clearly marked, and a
white notch indicates 50mph, buitote thatthere is no marking for 55mph.

Figureb: DigiCar speedometer
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2.5.2 Eyetracking glasses

SMI Natural Gaze eyie N} O1 Ay 3 3IflaasSa 69¢D0 6SNB dzaSR
glance and fixation behaviodrsThese glasses feature paralage parallel eydracking at

60Hz with a tracking distandeom 40cm to infinity and gaze accuracy of 0.5 degrees over all
distances. A High Definition (HD) cameraorded images a resolution of 1280 x 960he

glasses weigid 75g.Data were collected via the glasses using SMI iView software.

The gaze fixatios captured by the ET@ere automatically mapped to reference images
dzaAy3 {alLQa ! dzi2Yl G§SR { Softwaré Nids saftvdreSlogget LILIA y 3
each recordedixation with the speedometer during the studgnd mapped it to a location

on a referencemage Thesefixations were then analysed in SKI&8eGaz@software to

generate the required information time spent looking at the speedometer.

2.5.3 Subjective data

25.3.1 Postdrive questionnaire

Participants completed a short questionnaire after each of thelsires. The questionnaire
(seeAppendix A collected data on participaat @pinions of the ease, safety, comfort and
satisfaction associated with eactrive. The @estionnaire also asked whether they
experienced any neamisses or collisions in eadnive.

2.5.3.2 NASATLX

¢KS blraAz2ylFf ! SNRYlFdziAOa FyR { LI OS ! R¥YAYAAGN
dimensional scale designed to obtain workload estimates froia @ more operators while

GKS®@ NB LISNF2NXAY3I | ((Haat]NASARSKALOAY IBARA(NASS t & | 1
TLX): 20 Years Later, 2006he NASALX contains six subscales related to workload:

mental demand, physical deand, temporal demand, frustration, effort, and performance.

A score for each subscale is obtained using a scale26f The performance subscale is

reverse rated (i.e. a high score indicates low workload), so the scores for this subscale are
reversed wha calculating its contribution to workload. The full NABA also includes a
participant weighting of the subscales to determine the overall workload; in this case the
NASARawQTLXwas used which omits this step (Hart & Staveland, 1988As such, a

overall workload scorevas calculated from the sum of the scores of the six subscales.

NASATLX scores were obtained at the end of eddkie. The purpose of the questionnaire
was to understand the subjective workload asstatilawith each drive. An example NASA
TLX questionnaire is providedAppendix B

2.5.3.3 Posttrial interview

The trial concluded for each participant with a structurederview. Participants first
provided their demographic information, and then were interviewed by the researcher to
gather more information on their most and least preferred speeds, their perception of the

® Due torestrictionswith the eyetracking equipment, participants were only eligible for the trial if they miot
requireglasses or contact lensésr driving purposes.
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relative difficulty of travelling at 55mph, theexperiences of differences between thaves,
and the details of any neanisses or collisions experienced during the drividee interview
structure can be found iAppendix C

2.6 Data analysis

2.6.1 Statistical comparisons

Satistical tests wee carried out to determine whether the differencebserved or reported
between the different speed limits (50, 55 and 60mph) and between the differexiticr
conditions (low andhightraffic) were significant.

The type of test usd varied dependingn the data:

1 Two-way repeated measurésnalysis of variance (ANOVi&)a technique used to
test for significant differencein mean responsein the three speed limitsand two
traffic conditions andthe interaction betweenspeed limit and trafficPosthoc tests
were used tcexamine differences between specifpeed limis.

1 Chisquared tests are a technique used to test for significant relatiosdbgween
two countvariables.

The assumptions required for each test were checked prior to commencing the analysis and,
where necessary, neparametric techniques were used instead.

Results were considered significant if thevplu€ was less than 0.05, a typical standard in
the behaviourakciences

2.6.2 Qualitative data

Qualitative data were analysed to establistly themesresponses were grouped according
to these themesn order to identify clear patterns

I WNBLISEFGSR YSHE adzNB A& Q \Rabldedwiedsifick payficipaittshdmplEtedlall sik drige@. RS & A 3
® These testexamineddifferences between each pairwise combinatice.g. betveen 50 and 55mph, between

55 and 60mph and between 50 and 60mphihe Bonferroni correctiowas applied to control for the effect of
multiple comparisons.

® Unlikely parametric techniques (such as ANOVA);parametric techniques make no assumptions abiat
probability distribution of the variables being tested. These tests are less powerful than their parametric
alternatives.

" A pvalue less than .05 indicates that there is a 95% chance that the comparison being made has arisen due
to the variable uder investigation, and not simpue toNJ Yy R2Y Tt dzOldzt A2y a o6Wy2AaSQo
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3 Results

Throughout this sectionmnean (or total) values across all 36 participants are presented in

the tables and charts to illustrate the findings. In many of the charts, the standard deviation

is also presented usingrror bars this measureandicates how varidle the data areacross
participants For example, for the questionnaire data, smaller error bars indicate that

LI NIHAOALN yiaQ NBalLkRyasSa 6SNB FrFHANI & &aAYAL I NI
results were more variable.

The simulator datalso enableghe variability (standard deviation) withireach driveto be
estimated. The mean of this value represents the average variability across participants
Smaller values of this measutedza3Sad GKI G LI NIAOALI yGaQ o0SK
aaoss the length of the drive, whilst largealuessuggest there was more variability in this

measurel A AKf & GFNARF6fS RFEGF YAIKEG adaA3IsSad aGKI G
a particular behaviour (e.g. speed).

3.1 Driver behaviour
This sectionLINSaSyda GKS NBadzZ Ga 2F GKS |ylfeara
simulator. Section 3.1.1 presents a summary of thgpeedsfor the wholedrive; whilst the

other sulsections(excluding Sectior8.1.8 present only the findings fromvork ne A
(where the speed limit variebdetween drive.

3.1.1 Speedshroughout thedrive

The mean speeds for each participant, in each section of the route, wereutztked from

the simulator data Figure6). Each participant started ithe approach section(with the
national speed limit). Within this section, participants accelerated up to full speed before
being introduced to the advance sign zone for the wahkd a reduction to the speed limit.
The taper was a short section during ialn Lane Iwas gradually coned off. Worloze A

was the area in which the speed limit varied according to the condition, and the main area
of anaysis for this report, and workone B had a 50mph speed limit in all conditions.
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Figure6: Mean speeds through each section of the route

Through the approach, taper and work zone Artieipants generally travelled faster in the
lower level oftraffic compared to the corresponding higtraffic condition for each speed
limit. In work zone B (where the speed limit was 50mph iles, participants travelled
at an average of approximatel@dph in all drives

3.1.2 Speed
Figure7 shows themeanspeedwithin each of the sixirivesthrough work zone A.

W Low traffic  m High traffic
70

Speed (mph)
N w o wu (=2}
o <) o =) o

=
o

®

Speed limit

Figure7: Mean speed through work zone A

Final 17 CPRA416



TIRL

Average speeds were typically slightly higher in the Imadfic condition than the higlraffic
condition, but were below the speed limit in alix drives.

A twoway repeated measures ANOVA was conducted to test whether there were
significant differences in average speed across the two traffic conditions (high and low) and
three speed limits (50mph, 55mpBOmph). The analysis showed that average speeds were
significantly different betweernthe high and low trafficconditions p < 0.01) anddiffered
significantlyacross the differenspeedlimits (p < 0.01) However, the interaction between
traffic andspeed limit was not significarfp =0.09), suggesting that thehangein average
speed between the three speed limitgas not dependent on théraffic level Partial eta
squared valuega measure of the variability explained by each variablgjgestd that the

speed limitexplaired the majority of thevariation in average speeds.

Figure8 shows the average variability (standard deviation) in speed across work zone A.

W Low traffic  m High traffic
35 4

0.0 ' ‘ ‘
®

Speed limit

Variability in speed (mph)
[5,] o [5,] o

=
o

o
[V}

Figure8: Average standard deviation in speed through work zone A

The variability in speeds was greater in the high tratbmditions than the low traffic
conditiors, probably due to the larger number of Al vehicles influencing the participants
speed choiceHowever, there was little difference between the three speed limits. If a
speed limit of 55mph was more difficult for drivers meaintain we would expect to see
more variability at this speed limit; the absence of this finding suggests that participants
were, on average, able to maintain their preferred speedlithreespeed limits

Figure9 shows the difference between thmeanspeedand the speed limitn work zone A
for eachdrive.
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Figure9: Difference between speed limit antcheanspeedthrough work zone A

On averagebigger differences in speed were observed in the high traffic conditions and in
the 55mph and 60mph speed limits compared with the 50mph speed. IBtatistical tests
showed there were significant differences between spdexits (p < 0.01) and traffic
conditions p < 0.01). However, the interaction was renificant p = 0.09)

Figurel0 shows the mearproportion of time spent travelling above the speed limit in each
drive and Figurell shows the corresponding proportion for speeds above the enforcement
threshold (speed limit + 10% + 2mph).

8 This is based on the Association of Chief Police Officers (ACPO) Speed Emforeditg Guidelines 2011

2015 (ACPO, 2013yhich suggesthat a Fixed Penalty or speed awareness education may be appropriate
when the speed is 10% +2mph above the speed limit (see paragraph 9.6). These are only guidelines and a
police officer/ force can decide to enforce at a speed lower than this limit asguthéy have considered the
tolerance of the measurement equipment (paragraph 9.7).
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Figurel0: Mean proportion of time spent above the speed limit through work zone A
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Figurell: Mean proportion of time spent above the enforcement limit through work zone
A

Participants spent more time on average travelling above the speed limit and the
enforcement limit in the 50mpldrivesthan the other speed lim#

Whilst speeding was genally less prevalent in the higiaffic condition compared to the
low traffic cordition, the proportion of time above the enforcement limit was inflated in the
50mphspeed limitwith hightraffic (2.2% compared to 1.2% kigurell); this was impacted
by one driver who spent over half of this drive exceeding the enforcement threshold.
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Table 4 describes the number of participants (out of 36) who exceeded the speed or
enforcement limitin work zone A.

Table4: Number(proportion) of participants exceeding the speed and enforcement limit
through work zone A

: Number of participants Number of participants
.. Traffic
Sreed limit " who exceeded the who exceeded the
condition . .
speed limit enforcement limit

5 (14%)
High 32(89%) 4 (11%)
Low 30(83%) 3 (8%)
@ High 27 (75%) 0 (0%)

Low 25(69%) 1 (3%)
High 25(69%) 1 (3%)

In general, the number of individuals speeding decréaze the speed limit increasedery
few people (five or fewer) exceeded the enforcement threshold for any period of time in
any of the six drives.

3.1.3 Headway

| SIFRgl & YSIadiNBa GKS RAadlIyOS o0SGgSSy GKS
travelling in front in the same lane. The maximum headway recorded by the simulator is
250m; distances beyond this are recorded as null.

To ensure the data presented areraparable, @rticipants with null headwain at least one
of the driveshave been excluded fromte analysis. As a result, the results in this section are
based on 22 participants (of the 36 who took part in the study).

Themeanheadwayacross participantfor eachdriveis shown irFigurel?2.
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Figurel2: Mean headway through work zone AN = 22)

Theresults indicate that badway wa, on averagesignificantlylonger in the low trafc
drives compared to the higtnaffic drives(p = 0.01) In the previous tria{Wallbank, Robbins,
Tailor, & Chowdhury, 201,7headway typically increased as theeef limit increased but

this result was not as clear for this trial. Comparing the three low traffic conditions, 55mph
had the longest average headway with 50 and 60mph being fairly similar. In the high traffic
condition, the headway decreased slightly the speed limit increased, contradicting the
result seen previously. However, there was substantial variabiléyénageheadwayacross
participants(as shown by the large error bars). Statistical tests (repeated measures ANOVA)
showed that the differences between speed limits was not signifigartd(25) and neither

was the change in average headway across speed limits by traffic congition 2).

The mean headway in each drive vastlyceed the recommended stopping distances
presented in the Hjhway Code (53m at 50mph and 73m 8trfph), suggesting that drivers
were, on average, allowing enough distance between them and the vehicle in frontilto p
up safely in an emergency.

Figurel3 shows the average variability (standard deviation) in headway across work zone A.
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Figurel3: Average standard deviation in headway through work zone A

Variability in hedway was greater for the higtaffic drives(in particular for the 50mph
speed limit) suggesting that participants found it harder to maintain a tansheadway
when there were more vehicle§he magnitude of theariahility in headway between the
three speed limits was similar. If a speed limit of 55mph was more difficult for drivers to
maintain we would expect to see more variability in headway

3.14 Close following

Data from the simulator was used to investigate the amount of close following by

LI NOAOALI yGa Ay SIOK 2F (GKS RNAGSae W/ fz2as$s
the headway to the vehicle ifront was less than 2 seconds$:or the purposes of this
Fylrtearaxr WwWOf 2 & Sheednadfiie@ poihty idl theSd@v@heri thisimeftam@ S

to the vehicle in frontwas maintained for over three secondsigure14 shows the total

number of close following events recorded in work zone A in each drive.
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Figurel4: Total number of close following events through work zone A

In total across all participantthere were more close following events in the 60mgpeed

limit than 500r 55mph (which had the lowest figures). There were more events in the high
traffic condition, probably related to the higher number of vehicles presenthifssquare

test was conducte to test whether there was a relationshigetween thenumber of close
following instances across speed limit and traffic conditiohkis wasnot significant
(p=0.20); showing that the change in the number of close following events between the 50,
55and 60mph speed limits was similar for the low and high traffic conditions.

The time spent close following was also recorded for each participagtrel5 shows the
meantime spent close following.
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Figurel5: Meantime spent close following through work zone A
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In both the low and high traffic conditions the average time spent close following was lower
in the 55mph speedrhit than either 50 or 60mph; however, the difference between speed
limits (particularly between 50 and 55mph) wasichsmaller for the high traffic conditian

Statistical tests (repeated measures ANO¥Adpwed there were significant differences
across tréfic conditions(p < 0.01) and speed limitp € 0.0). However, the interaction was
not significant f = 0.26). Posthoc tests show that the time spertlose following was
significantly different between the 58nd 60mphspeed limits. The 50mph speed limit was
not significantly different from either the 55 or 60mph results.

These results suggest that a speed limit of 55mph resulted in less close following than
60mph, but comparable levels to that seen at 50mph.

3.15 Lane chages

Once within the roadworks, participants were able to choose between travellibgnia 2, 3

and 4. Lane 1 was closed to traffic by a line of traffic cones; traffic reported in Lane 1
represensincursiorsinto the works. The proportion of time spent @ach lane is presented

in Figurel6.

Hlanel mlane2 Lane 3 Lane 4
100%
10%
90% 13% 12% 20% 16%

80% 38%

19%
70%
60%
50%

40%
54%

Low traffic High traffic Low traffic High traffic Low traffic High traffic

)

Condition

30%

Proportion of time spent in lane

20%

10%

0%

Figurel6: Proportion of time in each langhrough work zone A

During the low trafficconditions, participants tended to prefer Lane 2,hilst in the high
traffic conditiors Lane 3 was more commonly usesliggesting that thre was more
overtaking in the high trafficonditions Comparing across speed limiteg proportion of
time ent in Lane 2ended todeaeaseas the speedimit increased from 50mph to@nph.
In contrast, he proportion of time spent in Lane idcreased with thehighest mearvalue
(38%) recorded in the 60mph limitith a high level of traffic

Figurel7 shows the total number of lane changes carried out in work zone A in each drive.
About 30-50% ofall lane changes occurred in this sectidhe majority of lane changes
occured in the approach and taper sections as participarégsponded to the signing
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instructions that Lane 1 was going to be closed and negotitited\| vehicleshat were also
changing lanes.
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Figurel7: Total number of lane changes through work zone A

There wee more lane changes in the higfaffic conditionthan the low traffi¢ where there
were fewer Al vehicles to negotiat€éhe number of lane chang&gs highesin the 60mph
speed limit

A chisquare test showed that there was no significant relationship betwienmumber of
lane changesand thespeed limit and traffic conditiong & 0.44); the change in the number
of lanechanges between the 50, 55 and 60mph speed limitssiradar forthe low and high
traffic conditions.

The headway and sternway (i.e. the distance from the rear of the participant's vehicle to the
vehicle in the same lane behirgdup to a maximum of 250)nwere recorded for each lane
change.This enabled classification dhe lane changes according to the presence of
surrounding vehicles; results of this are showirigurel8.
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Figurel8: Type of lane change through work zone A

In the hightraffic condition,more than half of lane chang&svolved the participant moving
into a gapbetween two vehicles (i.ea vehiclewas recordedoth in front and behinjl Less

than a third of the laneltanges in the low traffic condition were of this typehis confirms
the differences in high and low traffic density which were employed in the study.

As speed limit increased, drivers tended to select a gap with no velmcfesnt or behind
more often;this might suggesthat they were adjusting their driving style to compensate
for the increased speed.

For the lane changes fere the participant moved into a gap between two vehicles, the
YSIFadaNBa 2F KSIFIRgle& FyR &a0GSNYysarRl S5 NBK AIDBKS R
accepted by participants (sd¢ggurel9).
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